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FIELD OF INVENTION

[0002] This application is in the field of wireless communications.
BACKGROUND
[0003] Efforts are being deployed to create different means to aggregate

resources from different eNBs (e.g. R12 LTE inter-eNB aggregation using dual
connectivity). The objective is typically to enable means for an operator to
offload some traffic from a macro cell/eNB to another cell/eNB which cell may
possibly offer some form of hot spot overlay network, or to enable higher
throughput.

[0004] A WTRU may be configured for dual connectivity. Dual
connectivity may be configured by the network either for throughput benefits
(mainly for the downlink) or for offload purposes (relieving an eNB deployed
for macro coverage from user plane traffic towards another eNB deployed for
capacity enhancements). When a WTRU is configured for operation with dual
connectivity, it may use radio resources associated to different eNBs where
the interface corresponding to each set of resources is herein referred to as a
Uu interface. Each Uu interface may itself be configured with one or a
plurality of serving cells in case intra-eNB carrier aggregation is also
supported. The WTRU may then be scheduled for any type of data by a Macro
eNB (MeNB) which eNB controls the RRC connection, as well as by a
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Secondary eNB (SeNB) which may be used for exchanging user plane data.
This form of dual connectivity may also be referred to as Inter-eNB Carrier
Aggregation (inter-eNB CA). In this case, the WTRU may be configured with
different MAC entities, one for each configured Uu interface.

[0005] Some prioritization and power scaling mechanisms have been
specified for intra-eNB CA, however these mechanisms involve minimal if any
coordination between schedulers, and control plane data is only transmitted
using a single Uu interface.

SUMMARY

[0006] Methods and devices for offloading and/or aggregation of
resources to coordinate uplink transmissions when interacting with different
schedulers are disclosed herein. A method in a WTRU includes functionality
for coordinating with a different scheduler for each eNB associated with the
WTRU’s configuration. Disclosed methods include autonomous WTRU grant
selection and power scaling, and dynamic prioritization of transmission and

power scaling priority.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] A more detailed understanding may be had from the following
description, given by way of example in conjunction with the accompanying
drawings wherein:
[0008] FIG. 1A is a system diagram of an example communications
system in which one or more disclosed embodiments may be implemented;
[0009] FIG. 1B is a system diagram of an example wireless
transmit/receive unit (WTRU) that may be used within the communications
system illustrated in FIG. 1A; and,
[0010] FIG. 1C is a system diagram of an example radio access network
and an example core network that may be used within the communications
system illustrated in FIG. 1A.
[0011] FIG. 2 is a system diagram of an example system operating using

dual connectivity.



[0012] FIG. 3 1i1s a block diagram illustrating simultaneous
transmissions for a synchronized case.

[0013] FIG. 4 1i1s a block diagram illustrating simultaneous
transmissions for an unsynchronized case.

[0014] FIG. 5 is a flowchart illustrating an example application of a
prioritization function.

[0015] FIG. 6 1s a flowchart illustrating an example of dynamic
adjustment of a prioritization function.

[0016] FIG. 7 is a flowchart illutrating an example application of
adaptive prioritization.

[0017] FIG. 8 is a block diagram illustrating an example allocation of
power to uplink transmissions.

[0018] FIG. 9 is a flowchart illustrating another example application of
adaptive prioritization.

[0019] FIG. 10 is a flow chart illustrating an example of prioritization by
cell group type.

[0020] FIG. 11 is a flow chart illustrating an example power
configuration for uplink transmissions from a WTRU.

[0021] FIG. 12 is a flow chart illustrating an example of power scaling
for uplink transmissions.

[0022] FIG. 13 is a flow chart illustrating another example of power
scaling for uplink transmissions.

[0023] FIG. 14 is a flowchart illustrating another example of power
scaling for uplink transmissions.

[0024] FIG. 15 is a flowchart illustrating an example allocation of
remaining power on a first-in-time basis to a cell group.

[0025] FIG. 16 is a flow chart illustrating determination of a maximum
power for all uplink transmissions during a time interval for an asynchronous
case.

[0026] FIG. 17 is a block diagram illustrating subframes used by the
WTRU to calculate the maximum power for uplink transmissions during a

time interval.



[0027] FIG. 18 is another block diagram illustrating subframes used by
the WTRU to calculate the maximum power for uplink transmissions during a

time interval.

DETAILED DESCRIPTION

[0028] FIG. 1A is a diagram of an example communications system 100
in which one or more disclosed embodiments may be implemented. The
communications system 100 may be a multiple access system that provides
content, such as voice, data, video, messaging, broadcast, etc., to multiple
wireless users. The communications system 100 may enable multiple wireless
users to access such content through the sharing of system resources,
including wireless bandwidth. For example, the communications systems 100
may employ one or more channel access methods, such as code division
multiple access (CDMA), time division multiple access (TDMA), frequency
division multiple access (FDMA), orthogonal FDMA (OFDMA), single-carrier
FDMA (SC-FDMA), and the like.

[0029] As shown in FIG. 1A, the communications system 100 may
include wireless transmit/receive units (WTRUs) 102a, 102b, 102¢, 102d, a
radio access network (RAN) 104, a core network 106, a public switched
telephone network (PSTN) 108, the Internet 110, and other networks 112,
though it will be appreciated that the disclosed embodiments contemplate any
number of WTRUs, base stations, networks, and/or network elements. Each of
the WTRUs 102a, 102b, 102¢, 102d may be any type of device configured to
operate and/or communicate in a wireless environment. By way of example,
the WTRUs 102a, 102b, 102¢, 102d may be configured to transmit and/or
receive wireless signals and may include user equipment (UE), a mobile
station, a fixed or mobile subscriber unit, a pager, a cellular telephone, a
personal digital assistant (PDA), a smartphone, a laptop, a netbook, a
personal computer, a wireless sensor, consumer electronics, and the like.
[0030] The communications systems 100 may also include a base station
114a and a base station 114b. Each of the base stations 114a, 114b may be

any type of device configured to wirelessly interface with at least one of the



WTRUs 102a, 102b, 102¢, 102d to facilitate access to one or more
communication networks, such as the core network 106, the Internet 110,
and/or the other networks 112. By way of example, the base stations 114a,
114b may be a base transceiver station (BTS), a Node-B, an eNode B, a Home
Node B, a Home eNode B, a site controller, an access point (AP), a wireless
router, and the like. While the base stations 114a, 114b are each depicted as a
single element, it will be appreciated that the base stations 114a, 114b may
include any number of interconnected base stations and/or network elements.
[0031] The base station 114a may be part of the RAN 104, which may
also include other base stations and/or network elements (not shown), such as
a base station controller (BSC), a radio network controller (RNC), relay nodes,
etc. The base station 114a and/or the base station 114b may be configured to
transmit and/or receive wireless signals within a particular geographic region,
which may be referred to as a cell (not shown). The cell may further be
divided into cell sectors. For example, the cell associated with the base station
114a may be divided into three sectors. Thus, in one embodiment, the base
station 114a may include three transceivers, i.e., one for each sector of the cell.
In another embodiment, the base station 114a may employ multiple-input
multiple-output (MIMO) technology and, therefore, may utilize multiple
transceivers for each sector of the cell.

[0032] The base stations 114a, 114b may communicate with one or more
of the WTRUs 102a, 102b, 102c, 102d over an air interface 116, which may be
any suitable wireless communication link (e.g., radio frequency (RF),
microwave, infrared (IR), ultraviolet (UV), visible light, etc.). The air interface
116 may be established using any suitable radio access technology (RAT).
[0033] More specifically, as noted above, the communications system
100 may be a multiple access system and may employ one or more channel
access schemes, such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA, and the
like. For example, the base station 114a in the RAN 104 and the WTRUs
102a, 102b, 102¢ may implement a radio technology such as Universal Mobile
Telecommunications System (UMTS) Terrestrial Radio Access (UTRA), which
may establish the air interface 116 using wideband CDMA (WCDMA).



WCDMA may include communication protocols such as High-Speed Packet
Access (HSPA) and/or Evolved HSPA (HSPA+). HSPA may include High-
Speed Downlink Packet Access (HSDPA) and/or High-Speed Uplink Packet
Access (HSUPA).

[0034] In another embodiment, the base station 114a and the WTRUs
102a, 102b, 102¢ may implement a radio technology such as Evolved UMTS
Terrestrial Radio Access (E-UTRA), which may establish the air interface 116
using Long Term Evolution (LTE) and/or LTE-Advanced (LTE-A).

[0035] In other embodiments, the base station 114a and the WTRUs
102a, 102b, 102¢ may implement radio technologies such as IEEE 802.16 (i.e.,
Worldwide Interoperability for Microwave Access (WiMAX)), CDMA2000,
CDMA2000 1X, CDMA2000 EV-DO, Interim Standard 2000 (IS-2000), Interim
Standard 95 (IS-95), Interim Standard 856 (IS-856), Global System for Mobile
communications (GSM), Enhanced Data rates for GSM Evolution (EDGE),
GSM EDGE (GERAN), and the like.

[0036] The base station 114b in FIG. 1A may be a wireless router, Home
Node B, Home eNode B, or access point, for example, and may utilize any
suitable RAT for facilitating wireless connectivity in a localized area, such as a
place of business, a home, a vehicle, a campus, and the like. In one
embodiment, the base station 114b and the WTRUs 102¢, 102d may
implement a radio technology such as IEEE 802.11 to establish a wireless
local area network (WLAN). In another embodiment, the base station 114b
and the WTRUs 102¢, 102d may implement a radio technology such as IEEE
802.15 to establish a wireless personal area network (WPAN). In yet another
embodiment, the base station 114b and the WTRUs 102c, 102d may utilize a
cellular-based RAT (e.g., WCDMA, CDMA2000, GSM, LTE, LTE-A, etc.) to
establish a picocell or femtocell. As shown in FIG. 1A, the base station 114b
may have a direct connection to the Internet 110. Thus, the base station 114b
may not be required to access the Internet 110 via the core network 106.

[0037] The RAN 104 may be in communication with the core network
106, which may be any type of network configured to provide voice, data,

applications, and/or voice over internet protocol (VoIP) services to one or more



of the WTRUs 102a, 102b, 102¢, 102d. For example, the core network 106 may
provide call control, billing services, mobile location-based services, pre-paid
calling, Internet connectivity, video distribution, etc., and/or perform high-
level security functions, such as user authentication. Although not shown in
FIG. 1A, it will be appreciated that the RAN 104 and/or the core network 106
may be in direct or indirect communication with other RANs that employ the
same RAT as the RAN 104 or a different RAT. For example, in addition to
being connected to the RAN 104, which may be utilizing an E-UTRA radio
technology, the core network 106 may also be in communication with another
RAN (not shown) employing a GSM radio technology.

[0038] The core network 106 may also serve as a gateway for the
WTRUs 102a, 102b, 102¢, 102d to access the PSTN 108, the Internet 110,
and/or other networks 112. The PSTN 108 may include circuit-switched
telephone networks that provide plain old telephone service (POTS). The
Internet 110 may include a global system of interconnected computer
networks and devices that use common communication protocols, such as the
transmission control protocol (TCP), user datagram protocol (UDP) and the
internet protocol (IP) in the TCP/IP internet protocol suite. The networks 112
may include wired or wireless communications networks owned and/or
operated by other service providers. For example, the networks 112 may
include another core network connected to one or more RANs, which may
employ the same RAT as the RAN 104 or a different RAT.

[0039] Some or all of the WTRUs 102a, 102b, 102c, 102d in the
communications system 100 may include multi-mode capabilities, i.e., the
WTRUs 102a, 102b, 102¢, 102d may include multiple transceivers for
communicating with different wireless networks over different wireless links.
For example, the WTRU 102¢ shown in FIG. 1A may be configured to
communicate with the base station 114a, which may employ a cellular-based
radio technology, and with the base station 114b, which may employ an IEEE
802 radio technology.

[0040] FIG. 1B is a system diagram of an example WTRU 102. As
shown in FIG. 1B, the WTRU 102 may include a processor 118, a transceiver



120, a transmit/receive element 122, a speaker/microphone 124, a keypad 126,
a display/touchpad 128, non-removable memory 130, removable memory 132,
a power source 134, a global positioning system (GPS) chipset 136, and other
peripherals 138. It will be appreciated that the WTRU 102 may include any
sub-combination of the foregoing elements while remaining consistent with an
embodiment.

[0041] The processor 118 may be a general purpose processor, a special
purpose processor, a conventional processor, a digital signal processor (DSP), a
plurality of microprocessors, one or more microprocessors in association with a
DSP core, a controller, a microcontroller, Application Specific Integrated
Circuits (ASICs), Field Programmable Gate Array (FPGASs) circuits, any other
type of integrated circuit (IC), a state machine, and the like. The processor
118 may perform signal coding, data processing, power control, input/output
processing, and/or any other functionality that enables the WTRU 102 to
operate in a wireless environment. The processor 118 may be coupled to the
transceiver 120, which may be coupled to the transmit/receive element 122.
While FIG. 1B depicts the processor 118 and the transceiver 120 as separate
components, it will be appreciated that the processor 118 and the transceiver
120 may be integrated together in an electronic package or chip.

[0042] The transmit/receive element 122 may be configured to transmit
signals to, or receive signals from, a base station (e.g., the base station 114a)
over the air interface 116. For example, in one embodiment, the
transmit/receive element 122 may be an antenna configured to transmit
and/or receive RF signals. In another embodiment, the transmit/receive
element 122 may be an emitter/detector configured to transmit and/or receive
IR, UV, or visible light signals, for example. In yet another embodiment, the
transmit/receive element 122 may be configured to transmit and receive both
RF and light signals. It will be appreciated that the transmit/receive element
122 may be configured to transmit and/or receive any combination of wireless
signals.

[0043] In addition, although the transmit/receive element 122 is
depicted in FIG. 1B as a single element, the WTRU 102 may include any



number of transmit/receive elements 122. More specifically, the WTRU 102
may employ MIMO technology. Thus, in one embodiment, the WITRU 102
may include two or more transmit/receive elements 122 (e.g., multiple
antennas) for transmitting and receiving wireless signals over the air
interface 116.

[0044] The transceiver 120 may be configured to modulate the signals
that are to be transmitted by the transmit/receive element 122 and to
demodulate the signals that are received by the transmit/receive element 122.
As noted above, the WTRU 102 may have multi-mode capabilities. Thus, the
transceiver 120 may include multiple transceivers for enabling the WTRU 102
to communicate via multiple RATs, such as UTRA and IEEE 802.11, for
example.

[0045] The processor 118 of the WTRU 102 may be coupled to, and may
receive user input data from, the speaker/microphone 124, the keypad 126,
and/or the display/touchpad 128 (e.g., a liquid crystal display (LCD) display
unit or organic light-emitting diode (OLED) display unit). The processor 118
may also output user data to the speaker/microphone 124, the keypad 126,
and/or the display/touchpad 128. In addition, the processor 118 may access
information from, and store data in, any type of suitable memory, such as the
non-removable memory 130 and/or the removable memory 132. The non-
removable memory 130 may include random-access memory (RAM), read-only
memory (ROM), a hard disk, or any other type of memory storage device. The
removable memory 132 may include a subscriber identity module (SIM) card,
a memory stick, a secure digital (SD) memory card, and the like. In other
embodiments, the processor 118 may access information from, and store data
in, memory that is not physically located on the WTRU 102, such as on a
server or a home computer (not shown).

[0046] The processor 118 may receive power from the power source 134,
and may be configured to distribute and/or control the power to the other
components in the WTRU 102. The power source 134 may be any suitable
device for powering the WTRU 102. For example, the power source 134 may

include one or more dry cell batteries (e.g., nickel-cadmium (NiCd), nickel-zinc



(NiZn), nickel metal hydride (NiMH), lithium-ion (Li-ion), etc.), solar cells, fuel
cells, and the like.

[0047] The processor 118 may also be coupled to the GPS chipset 136,
which may be configured to provide location information (e.g., longitude and
latitude) regarding the current location of the WTRU 102. In addition to, or in
lieu of, the information from the GPS chipset 136, the WTRU 102 may receive
location information over the air interface 116 from a base station (e.g., base
stations 114a, 114b) and/or determine its location based on the timing of the
signals being received from two or more nearby base stations. It will be
appreciated that the WTRU 102 may acquire location information by way of
any suitable location-determination method while remaining consistent with
an embodiment.

[0048] The processor 118 may further be coupled to other peripherals
138, which may include one or more software and/or hardware modules that
provide additional features, functionality and/or wired or wireless
connectivity. For example, the peripherals 138 may include an accelerometer,
an e-compass, a satellite transceiver, a digital camera (for photographs or
video), a universal serial bus (USB) port, a vibration device, a television
transceiver, a hands free headset, a Bluetooth® module, a frequency
modulated (FM) radio unit, a digital music player, a media player, a video
game player module, an Internet browser, and the like.

[0049] FIG. 1C is a system diagram of the RAN 104 and the core
network 106 according to an embodiment. As noted above, the RAN 104 may
employ an E-UTRA radio technology to communicate with the WTRUs 102a,
102b, 102c¢ over the air interface 116. The RAN 104 may also be in
communication with the core network 106.

[0050] The RAN 104 may include eNode-Bs 140a, 140b, 140c, though it
will be appreciated that the RAN 104 may include any number of eNode-Bs
while remaining consistent with an embodiment. The eNode-Bs 140a, 140Db,
140c may each include one or more transceivers for communicating with the
WTRUs 102a, 102b, 102¢ over the air interface 116. In one embodiment, the
eNode-Bs 140a, 140b, 140c may implement MIMO technology. Thus, the
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eNode-B 140a, for example, may use multiple antennas to transmit wireless
signals to, and receive wireless signals from, the WTRU 102a.

[0051] Each of the eNode-Bs 140a, 140b, 140c may be associated with a
particular cell (not shown) and may be configured to handle radio resource
management decisions, handover decisions, scheduling of users in the uplink
and/or downlink, and the like. As shown in FIG. 1C, the eNode-Bs 140a, 140b,
140c may communicate with one another over an X2 interface.

[0052] The core network 106 shown in FIG. 1C may include a mobility
management entity gateway (MME) 142, a serving gateway 144, and a packet
data network (PDN) gateway 146. While each of the foregoing elements are
depicted as part of the core network 106, it will be appreciated that any one of
these elements may be owned and/or operated by an entity other than the core
network operator.

[0053] The MME 142 may be connected to each of the eNode-Bs 140a,
140b, 140c in the RAN 104 via an S1 interface and may serve as a control
node. For example, the MME 142 may be responsible for authenticating users
of the WTRUs 102a, 102b, 102c, bearer activation/deactivation, selecting a
particular serving gateway during an initial attach of the WTRUs 102a, 102b,
102¢, and the like. The MME 142 may also provide a control plane function
for switching between the RAN 104 and other RANs (not shown) that employ
other radio technologies, such as GSM or WCDMA.

[0054] The serving gateway 144 may be connected to each of the eNode
Bs 140a, 140b, 140c in the RAN 104 via the S1 interface. The serving gateway
144 may generally route and forward user data packets to/from the WTRUs
102a, 102b, 102c. The serving gateway 144 may also perform other functions,
such as anchoring user planes during inter-eNode B handovers, triggering
paging when downlink data is available for the WTRUs 102a, 102b, 102c,
managing and storing contexts of the WTRUs 102a, 102b, 102¢, and the like.
[0055] The serving gateway 144 may also be connected to the PDN
gateway 146, which may provide the WTRUs 102a, 102b, 102¢c with access to

packet-switched mnetworks, such as the Internet 110, to facilitate
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communications between the WTRUs 102a, 102b, 102¢ and IP-enabled
devices.

[0056] The core network 106 may facilitate communications with other
networks. For example, the core network 106 may provide the WTRUs 102a,
102b, 102c with access to circuit-switched networks, such as the PSTN 108, to
facilitate communications between the WTRUs 102a, 102b, 102c¢ and
traditional land-line communications devices. For example, the core network
106 may include, or may communicate with, an IP gateway (e.g., an IP
multimedia subsystem (IMS) server) that serves as an interface between the
core network 106 and the PSTN 108. In addition, the core network 106 may
provide the WTRUs 102a, 102b, 102¢ with access to the networks 112, which
may include other wired or wireless networks that are owned and/or operated
by other service providers.

[0057] 3GPP LTE Release 8/9 (LTE R8/9) may support up to 100 Mbps
in the downlink (DL), and 50 Mbps in the uplink (UL) for a 2x2 configuration.
The LTE downlink transmission scheme is based on an OFDMA air interface.
[0058] For the purpose of flexible deployment, LTE R&8/9/10 systems
support scalable transmission bandwidths, which may be one of [1.4, 2.5, 5,
10, 15 or 20] MHz.

[0059] In LTE R8/9 (also applicable to LTE R10), each radio frame (10
ms) comprises 10 sub-frames of 1 ms each. Each sub-frame comprises 2
timeslots of 0.5 ms each. There can be either 7 or 6 OFDM symbols per
timeslot. 7 symbols per timeslot are used with normal cyclic prefix length, and
6 symbols per timeslot are used with the extended cyclic prefix length. The
sub-carrier spacing for the LTE R8/9 system i1s 15 kHz. A reduced sub-carrier
spacing mode using 7.5 kHz is also possible.

[0060] A resource element (RE) corresponds to one (1) sub-carrier during
one (1) OFDM symbol interval. 12 consecutive sub-carriers during a 0.5 ms
timeslot constitute one (1) resource block (RB). Therefore, with 7 symbols per
timeslot, each RB comprises 12*7=84 REs. A DL carrier comprises 6 RBs to

110 RBs corresponding to an overall scalable transmission bandwidth of
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roughly 1 MHz to 20 MHz. Each transmission bandwidth, e.g. 1.4, 3, 5, 10 or
20 MHz, corresponds to a number of RBs.

[0061] The basic time-domain unit for dynamic scheduling is one sub-
frame comprising two consecutive timeslots. This is sometimes referred to as a
resource-block pair. Certain sub-carriers on some OFDM symbols are
allocated to carry pilot signals in the time-frequency grid. A number of sub-
carriers at the edges of the transmission bandwidth are not transmitted in
order to comply with spectral mask requirements.

[0062] In LTE R8/9 and for R10 (also discussed herein) in single carrier
configuration where the network may assign the WTRU only one pair of UL
and DL carriers (FDD) or one carrier time shared for UL and DL (TDD), for
any given subframe there may be a single Hybrid Automatic Repeat reQuest
(HARQ) process active for the UL and a single HARQ process active in the DL.
[0063] Buffer status reporting may be used to indicate the amount of
data the WTRU has available for transmission to help the eNB choose an
appropriate transport block size. BSR may report the buffer status of logical
channel groups (LCG). Logical channels can be divided in up to 4 different
LCGs through RRC signalling but a logical channel does not necessarily
belong to an LCG.

[0064] The following LTE specifications provide a context for describing
the various methods and approaches set forth herein.

[0065] In an LTE MAC specification [36.321], the buffer size of an LCG
is defined as follows:

[0066] - Buffer Size: The Buffer Size field identifies the total
amount of data available across all logical channels of a logical channel group
after all MAC PDUs for the TTI have been built. The amount of data is
indicated in number of bytes. It shall include all data that is available for
transmission in the RLC layer and in the PDCP layer; the definition of what
data shall be considered as available for transmission is specified in [3] and [4]
respectively. The size of the RLC and MAC headers are not considered in the
buffer size computation. The length of this field is 6 bits. If extended BSR-Sizes

is not configured, the values taken by the Buffer Size field are shown in Table
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6.1.3.1-1. If extendedBSR-Sizes is configured, the values taken by the Buffer
Size field are shown in Table 6.1.3.1-2.

[0067] In an LTE RLC specification [36.322], data available for
transmission is defined as:

[0068] 4.5  Data available for transmission

[0069] For the purpose of MAC buffer status reporting, the UE shall
consider the following as data available for transmission in the RLC layer:
[0070] - RLC SDUs, or segments thereof, that have not yet been
included in an RLC data PDU;

[0071] - RLC data PDUs, or portions thereof, that are pending for
retransmission (RLC AM).

[0072] In addition, if a STATUS PDU has been triggered and the status

prohibit timer is not running or has expired, the UE shall estimate the size of
the STATUS PDU that will be transmitted in the next transmission

opportunity, and consider this as data available for transmission in the RLC

layer.

[0073] In PDCP specification [36.323], data available for transmission is
defined as:

[0074] 4.5  Data available for transmission

[0075] For the purpose of MAC buffer status reporting, the UE shall

consider PDCP Control PDUs, as well as the following as data available for

transmission in the PDCP layer:

[0076] For SDUs for which no PDU has been submitted to lower layers:
[0077] the SDU itself, if the SDU has not yet been processed by PDCP,
or

[0078] the PDU if the SDU has been processed by PDCP.

[0079] In addition, for radio bearers that are mapped on RLC AM, if the

PDCP entity has previously performed the re-establishment procedure, the
UE shall also consider the following as data available for transmission in the
PDCP layer:

[0080] For SDUs for which a corresponding PDU has only been

submitted to lower layers prior to the PDCP re-establishment, starting from
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the first SDU for which the delivery of the corresponding PDUs has not been
confirmed by the lower layer, except the SDUs which are indicated as

successfully delivered by the PDCP status report, if received:

[0081] the SDU, if it has not yet been processed by PDCP, or

[0082] the PDU once it has been processed by PDCP.

[0083] In an LTE specicfication, the Logical Channel Prioritization
(LCP) procedure is specified as follows [36.321]:

[0084] 5.4.3.1 Logical channel prioritization

[0085] The Logical Channel Prioritization procedure is applied when a

new transmission is performed.

[0086] RRC controls the scheduling of uplink data by signalling for each
logical channel: priority where an increasing priority value indicates a lower
priority level, prioritisedBitRate which sets the Prioritized Bit Rate (PBR),
bucketSizeDuration which sets the Bucket Size Duration (BSD).

[0087] The UE shall maintain a variable Bj for each logical channel j. Bj
shall be initialized to zero when the related logical channel is established, and
incremented by the product PBR X TTI duration for each TTI, where PBR is
Prioritized Bit Rate of logical channel j. However, the value of Bj can never
exceed the bucket size and if the value of Bj is larger than the bucket size of
logical channel j, it shall be set to the bucket size. The bucket size of a logical
channel is equal to PBR X BSD, where PBR and BSD are configured by upper
layers.

[0088] The UE shall perform the following Logical Channel
Prioritization procedure when a new transmission is performed:

[0089] - The UE shall allocate resources to the logical channels in
the following steps:

[0090] - Step 1: All the logical channels with Bj > 0 are allocated
resources in a decreasing priority order. If the PBR of a radio bearer is set to
“Infinity”, the UE shall allocate resources for all the data that is available for
transmission on the radio bearer before meeting the PBR of the lower priority

radio bearer(s);
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[0091] - Step 2: the UE shall decrement Bj by the total size of MAC
SDUs served to logical channel j in Step 1

[0092] NOTE: The value of Bj can be negative.

[0093] - Step 3: if any resources remain, all the logical channels are
served in a strict decreasing priority order (regardless of the value of Bj) until
either the data for that logical channel or the UL grant is exhausted,
whichever comes first. Logical channels configured with equal priority should
be served equally.

[0094] LTE-Advanced with Carrier Aggregation (LTE CA R10) is an
evolution that aims to improve single carrier LTE data rates using, among
other approaches, bandwidth extensions also referred to as Carrier
Aggregation (CA). With CA, the WTRU may transmit and receive
simultaneously over the Physical Uplink Shared CHannel (PUSCH) and the
Physical Downlink Shared CHannel (PDSCH) (respectively) of multiple
serving cells; up to four secondary serving cells (SCells) may be used in
addition to a Primary serving Cell (PCell), thus supporting flexible bandwidth
assignments up to 100 MHz. Uplink Control Information (UCI), which may
comprise HARQ ACK/NACK feedback and/or Channel State Information
(CSI), may be transmitted either on Physical Uplink Control CHannel
(PUCCH) resources of the PCell or on PUSCH resources available for a
serving cell configured for uplink transmissions.

[0095] The control information for the scheduling of PDSCH and
PUSCH may be sent on one or more Physical Data Control CHannel(s)
(PDCCH); in addition to the LTE R&8/9 scheduling using one PDCCH for a pair
of UL and DL carriers, cross-carrier scheduling may also be supported by a
given PDCCH, allowing the network to provide PDSCH assignments and/or
PUSCH grants for transmissions in other serving cell(s).

[0096] For a FDD LTE R10 WTRU operating with CA, there may be one
HARQ entity for each serving cell, where each entity may have up to 8 HARQ
processes, e.g., one per subframe for one round-trip time (RTT); it also means

that there may be more than one HARQ process active for the UL and for the
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DL in any given subframe, but there may be at most one UL and one DL
HARQ process per configured serving cell.

[0097] In LTE R8/9/10+ the PDCCH is used by the network (NW or
eNB) to assign resources for downlink transmissions on the PDSCH and to
grant resources for uplink transmissions on the PUSCH to the terminal device
(WTRU).

[0098] A WTRU can request radio resources for an uplink transmission
by sending a scheduling request (SR) to the eNB; the SR may be transmitted
either on dedicated resources (D-SR) on the Physical Uplink Control CHannel
(PUCCH) if configured, or using the Random Access procedure (RACH)
otherwise (RA-SR).

[0099] The eNB may grant radio resources to the WTRU for a
transmission on PUSCH, indicated either in a grant received on the PDCCH
in configured resources (a Semi-Persistently Scheduled UL grant).

[0100] The WTRU may include, in an uplink transmission, a Buffer
Status Report (BSR), indicating the amount of data in the WTRU’s buffer. The
trigger to transmit a BSR may trigger a scheduling request.

[0101] The WTRU determines whether or not it needs to act on control
signaling in a given sub-frame by monitoring the PDCCH for specific data
control information messages (DCI formats) masked using a known radio
network temporary identifier (RNTI) in specific locations, or search space,
using different combinations of physical resources (i.e. control channel
elements — hereafter CCEs) based on aggregation levels (AL, each
corresponding to either 1, 2, 4, or 8 CCEs). A CCE comprises 36 QPSK
symbols, or 72 channel coded bits.

[0102] Scheduling control information contained in an uplink grant
mcludes a New Data Indicator (NDI) which i1s used to determine whether the
grant i1s for an initial transmission or for a retransmission, a resource
assignment that indicates what physical resources blocks (PRBs) in time and
frequency are allocated to the transmission and a Modulation and Coding

Scheme (MCS). A WTRU can determine the size of the associated transport
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block (TB) from the MCS and the number of PRBs allocated to the
transmission.

[0103] In LTE R12 (or later, for aspects of multi-cell operation using
inter-eNB carrier aggregation), the WTRU may be configured with some form
of dual connectivity, e.g. a configuration whereby the WTRU may have access
to resources of cells associated to different eNBs. The network may control
connectivity using a single MME/S1-c connection terminating in the MeNB.
[0104] From the perspective of the control plane, the WTRU may have
established a RRC connection with a first eNB (i.e. a MeNB) and may
additionally support a configuration where one or more cells may be
associated to a second eNB (i.e. a SeNB). If it is assumed that the RRC
connection terminates in the MeNB, then the complete message may be
received by the RRC entity in the MeNB.

[0105] From the perspective of the user plane architecture, the network
may terminate S1-u in the MeNB only (alternative 3 including alternative a,
e.g. for all EPS bearers) or it may (e.g. additionally) terminate S1-u in the
SeNB (alternative 1A, for one or more EPS bearer).

[0106] From the perspective of the L2 transport of SRB data and/or user
plane traffic, data for a given radio bearer may be transmitted from the
network to the WTRU using a single L2 path or alternatively using either L2
path (referred to as DL multi-flow). Similarly, data transmitted may be
transmitted from the WTRU to the network using a single L.2 path or using
either L2 path (referred to as UL multi-flow). Multi-flow may be realized by
configuration of a bearer such that it may conceptually be mapped to different
cells associated to more than one eNB.

[0107] A typical transport bearer function may be modeled as a
combination of Quality-of-Service (QoS) related aspects as well as in terms of a
routing function. QoS-related aspects may be parameterized in terms of (e.g.
maximum or guaranteed) bit rate, maximum tolerable latency or the like.
Routing for a bearer is typically achieved using some form of physical or
logical (e.g. such as using a tunneling function based on GTP-u or based on an

IP tunnel) point-to-point transport path.
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[0108] The terms “primary MAC entity” and “Secondary MAC entity”
herein refer either to MAC entities as separate processes each conceptually
associated to cells of different eNBs (e.g. a MeNB and a SeNB), and
consequently to their respective associated L1 / physical layer processing, or to
a single MAC entity which makes the distinction between a Uu (L1/PHY)
conceptually associated to a first eNB (e.g. a MeNB) and to a second eNB (e.g.
a SeNB). The WTRU may have one primary MAC entity associated to the
MeNB and one secondary MAC entity associated to a SeNB.

[0109] The Primary MAC entity may correspond to the MAC entity that
is configured with the PCell on which the WTRU established the RRC
connection (as per the legacy R10 definition of the PCell). The Secondary MAC
entity may also be configured with a special cell, in which case such cell may
be configured with an uplink carrier and with additional PUCCH resources.
[0110] Additional Information on Transmission Timing for Systems such
as LTE Systems: A WTRU may set its initial DL timing by detecting the
Primary Synchronization Signal (PSS) and the Secondary Synchronization
Signal (SSS) in a cell and by determining the first (or best received) path of
the DL subframe boundaries. The WTRU then may maintain DL
synchronization by measuring the first path arrival of synchronization signals
and/or DL reference signals. Once the WTRU has acquired DL
synchronization, the WTRU may determine the uplink timing for its
transmissions using the random access procedure, during which the WTRU
may first transmit a preamble on the Physical Random Access Channel
(PRACH). The WTRU may align the transmission of the preamble with the
start of the received DL subframe boundary (e.g. such that no timing advance
is applied). The WTRU may receive a random access response (RAR) that
includes a Timing Advance Command (TAC). Such TAC may include a value
calculated by the eNB based on the reception time of the preamble e.g. such
that the eNB can estimate the two-way propagation delay between the eNB
and the concerned WTRU, and then determine a suitable value to transmit to
the WTRU. The WTRU may then use this value to determine how much in

advance of the DL subframe boundary it may start its uplink transmissions.
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Alignment of uplink transmissions for all WTRUs in a cell may help lower the
levels of interference perceiver in the receiver in the eNB for the cell, in
particular when the transmission timing is less than or equal to a predefined
value.

[0111] Once a WTRU has initial uplink timing, further adjustments
may be needed over time as a result of WTRU movement, changing multipath
(i.e. change in the timing of the best received DL path), oscillator drift and/or
Doppler shift. To this extent, the WT'RU may track the DL timing reference
and may perform some adjustments autonomously while the eNB may
monitor the arrival time of the WTRU’s uplink transmissions e.g. based on
uplink demodulation reference signals, SRS or any other transmissions such
that it may signal TA adjustments in downlink transmissions using a TAC
MAC control element (CE). The WTRU may apply the signaled adjustments
received in subframe N exactly at (or no later than) the beginning of subframe
N+6.

[0112] The WTRU may maintain a stored value (Nta) for a Timing
Advance Group (TAG). The WTRU may update Nta for the concerned TAG
when it receives a TAC from the eNB that indicates a positive or a negative
value. The WTRU additionally also may autonomously update the stored
value to compensate for changes to the received downlink timing e.g. based on
its tracking of the DL timing reference. The Nta may be used to adjust the
uplink transmission time in-between reception of TAC and when the Timing
Advance Timer (TAT) is running.

[0113] The WTRU may have a configurable timer, the Timing Advance
Timer (TAT) per Timing Advance Group (TAG). The WTRU may determine
from the TAT whether (if running) or not (otherwise) it may consider itself as
having proper UL timing alignment. When the TAT is not running, the WTRU
may not perform any transmission in the uplink except for the transmission of
a random access preamble. The WTRU may start or restart the TAT when it
receives a TAC, either in a TAC MAC CE or in a RAR. When the TAT expires,
the WTRU may consider that it no longer has valid uplink timing alignment
for the concerned TAG. The eNB may keep a WTRU uplink time aligned by
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timely transmission of MAC TAC CE to the WTRU, i.e. before the TAT expires
in the WTRU.

[0114] Efforts are being deployed to create different means to aggregate
resources from different eNBs (e.g. R12 LTE inter-eNB aggregation using dual
connectivity). The objective is typically to enable means for an operator to
offload some traffic from a macro cell/eNB to another cell/leNB which cell may
possibly offer some form of hot spot overlay network, or to enable higher
throughput.

[0115] A WTRU may be configured for dual connectivity. Dual
connectivity may be configured by the network either for throughput benefits
(mainly for the downlink) or for offload purposes (relieving an eNB deployed
for macro coverage from user plane traffic towards another eNB deployed for
capacity enhancements). When a WTRU is configured for operation with dual
connectivity, it may use radio resources associated to different eNBs where
the interface corresponding to each set of resources is herein referred to as a
Uu interface. Each Uu interface may itself be configured with one or a
plurality of serving cells in cases where intra-eNB carrier aggregation is also
supported. The WTRU may then be scheduled for any type of data by a Macro
eNB (MeNB) which eNB controls the RRC connection, as well as by a
Secondary eNB (SeNB) which may be used for exchanging user plane data.
This form of dual connectivity may also be referred to as Inter-eNB Carrier
Aggregation (inter-eNB CA). In this case, the WTRU may be configured with
different MAC entities, one for each configured Uu interface.

[0116] FIG. 2 illustrates an example system 200 operating using dual
connectivity. System 200 includes a WTRU 210, a MeNB 220, and a SeNB
230. WTRU 210 is configured for dual connectivity operation and may
transmit simultaneous and/or overlapping uplink communications to both
MeNB 220 and SeNB 230 as discussed further herein. It is noted that in some
implementations, dual connectivity may be conceptualized as simultaneous
and/or overlapping communications to more than one MAC entity or using the
uplink resources of more than one cell group (CG) rather than to more than

one eNB.
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[0117] Support for inter-eNB CA may be according to different possible
architectures. A first example architecture (herein referred to as 1A) may
support S1-u split, i.e. where an EPS bearer for user plane traffic is associated
to a single eNB with PDCP terminating in the concerned eNB for each
corresponding data radio bearer (DRB). A second example architecture (herein
referred to as 3C) may support a single S1-u termination in the MeNB for user
plane traffic with PDCP terminating in the MeNB for all DRBs. For both
alternatives, the control plane terminates in the MeNB. Additionally, data
associated to signaling radio bearers (SRBs) may only be transmitted using
the Uu interface associated with the MeNB.

[0118] From the perspective of the physical layer, a WTRU configured
with dual connectivity may possibly receive downlink data from both eNBs
simultaneously, i.e. it can be assumed that no scheduling restriction precludes
that for at least some subframes the WTRU may be scheduled for a downlink
transmission from both eNBs. One implication is that each of the MAC/PHY
instances may monitor PDCCH and receive PDSCH simultaneously.

[0119] Still from the perspective of the physical layer, different
alternatives are possible for uplink operation for a WTRU configured with
dual connectivity. Which alternative may be applicable may depend on a
number of aspects including what may be assumed in terms of timing
alignment between cells of different eNBs of the same WTRU configuration.
For example, different approaches may perform better depending on whether
or not synchronization of symbols in the uplink at the subframe boundary may
be guaranteed at least within a certain margin e.g. such as within the length
of a cyclic prefix.

[0120] In particular, transmissions associated to different physical
layers (e.g. different Uu interfaces, and/or associated MAC entities, and/or
different eNBs) may occur simultaneously such that their respective subframe
timing 1s either synchronized (i.e. their respective timing is within a certain
margin, which margin does not exceed that specified for transmissions

associated to a single MAC entity) or unsynchronized (i.e., otherwise).
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[0121] For the synchronized case, a simultaneous transmission may
refer to at least the part of both transmissions that overlaps for a given TTIL.
[0122] For the unsynchronized case, the timing of a subframe associated
to a first MAC entity may partly overlap with the end of a subframe associated
to a second MAC entity as well as with the beginning of the subsequent
subframe associated to that second MAC entity; in this case, a simultaneous
transmission may refer either to the entire overlapping part (e.g. at symbol
granularity and/or across subframe boundary) or to a partial overlap (e.g. at
most one subframe is considered for each MAC entity). In this case, for some
methods described herein, a WTRU may take into account transmissions over
more than one subframe for the second MAC entity when such occur
simultaneously to a transmission in a subframe of a first MAC entity.

[0123] FIG. 3 illustrates example simultaneous transmissions for a
synchronized case. Transmissions i and j in this example are directed toward
different eNBs. The eNBs may be a MeNB and a SeNB such as MeNB 220
and SeNB 230 of FIG. 2 for example. The difference in time 320 between start
time 310 of transmission j and start time 330 of transmission 1 is within (i.e.
less than) a threshold for the synchronized case. In the synchronized case, at
least the portions of transmissions 1 and j occurring during the overlapping
time interval 340 may be considered to be a simultaneous transmission. It is
noted that in some implementations, transmissions i and j may be considered
as corresponding to different MAC entities, or performed using the uplink
resources of different cell groups (CGs) rather than as directed toward
different eNBs.

[0124] FIG. 4 illustrates example simultaneous transmissions for an
unsynchronized case. Transmissions 1 and j in this example are directed
toward different eNBs. The eNBs may be a MeNB and a SeNB such as MeNB
220 and SeNB 230 of FIG. 2 for example. The difference in time 420 between
start time 410 of transmission j and start time 430 of transmission 1 is outside
(i.e. greater than) the threshold for the synchronized case. In the
unsynchronized case, the portions of transmissions i and j occurring during

the overlapping time interval 440 may be considered to be a simultaneous
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transmission. In some implementations, both the portions of transmissions 1
and j occurring during the overlapping time interval 440 and the portions of
transmissions 1 and j-1 occurring during the overlapping time interval 420
may be referred to as a simultaneous transmission. It is noted that in some
implementations, transmissions i1 and j may be considered as directed toward
different MAC entities, or different cell groups (CGs) rather than toward
different eNBs.

[0125] Possible alternatives for uplink operation for a WTRU configured
with dual connectivity,when considering PUSCH, PRACH, SRS and PUCCH,
include the following cases:

[0126] Case 1 - No simultaneous transmissions or overlap (restrictions
at subframe/symbol granularity).

[0127] This may be achieved by precluding simultaneous transmissions
by different MAC/PHY instances of the WTRU, e.g. using a Time-Division
Multiplexing (TDM) approach e.g. as a function of subframe allocation and/or
prioritization of different signals according to specific rules. Power scaling
rules/prioritization between transmissions associated to different MAC/PHY

instances (e.g. across different Uu interfaces) may not be required in such

case.

[0128] Thus in case 1, TDM and priority rules, e.g. per subframe, are
applied.

[0129] With case 1, TDM may be applied using priority rules applicable

on a time unit basis e.g. at the multi-subframes (e.g. a radio frame)
granularity, at the subframe granularity or even at the symbol level. This
may avoid power issues or a need for new scaling rules. This may be suitable
for synchronized physical layer interfaces.

[0130] Case 2 - Restricted simultaneous uplink transmissions
(restrictions at physical channel granularity).

[0131] This may be achieved by precluding simultaneous transmissions
for combinations of different uplink physical channels, e.g. for different
combinations of PUSCH, PRACH, SRS and PUCCH e.g. as a function of

subframe allocation and/or prioritization of different signals according to
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specific rules. Power scaling rules/prioritization between transmissions
associated to different MAC/PHY instances (e.g. across different Uu
interfaces) may be required for specific combinations.

[0132] Thus in case 2, TDM and priority rules on physical channels, e.g.
applied per subframe, and some power-related methods are applied.

[0133] With case 2, TDM may be applied using priority rules applicable
to physical channels on a time unit basis e.g. at the multi-subframes (e.g. a
radio frame) granularity, at the subframe granularity or even at the symbol
level; some methods still needed to address residual power issues. This may
be suitable for synchronized physical layer interfaces.

[0134] Case 3 - Unrestricted operation (restrictions at the level of power
allocation and scaling rules only).

[0135] This may be achieved by the WTRU applying specific power
scaling rules.

[0136] Thus in case 3 only power-related methods are applied. This may
be suitable for both cases of either synchronized or unsynchronized physical
layer interfaces.

[0137] Some prioritization and power scaling mechanisms have been
specified for LTE R10 for intra-eNB carrier aggregation. However a number
of aspects remain problematic. One such aspect relates to characteristics of
the inter-eNB CA principles, including the minimal (if any) coordination
between schedulers as well as the characteristic that control plane data may
only be transmitted using a single Uu interface i.e. using the resources
associated with the MeNB. Another such aspect is the different example
architectures 1A and 3C (as discussed above, supporting S1-u split for 1A, and
supporting a single S1-u termination for 3C) are applicable to dual
connectivity, as described above, including whether or not data from a DRB
may be received from a single eNB or from both. Additional considerations
may also be introduced for alternative 3C if DRB data in the uplink may only
be transmitted on a single Uu (e.g. using resources of the SeNB).

[0138] Methods and devices to enable dynamic operation of TDM,

transmission prioritization and transmission power scaling principles and
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methods may be needed to avoid starvation or unnecessary delaying of
transmission on the different interfaces. In addition, what rule to apply may
vary based on time, scheduler implementation, ongoing procedure or even type
of data to transmit.

[0139] Methods and devices described in this document relate to
enabling efficient offloading and/or efficient aggregation of resources by
providing for the WTRU to coordinate uplink transmissions when interacting
with different schedulers, one for each eNB associated with the WTRU’s
configuration, for example, as shown and described with respect to FIG. 2.
[0140] While methods and devices described herein, including general
principles, methods and related embodiments, are described with respect to
the 3GPP LTE technology and related specifications, they may be equally
applicable to any wireless technology which implements methods for accessing
multiple wireless layers and/or for connecting to multiple radio access
technologies, such as other 3GPP technology based on Wifi, WCDMA, HSPA,
HSUPA and HSDPA.

[0141] For example, the terms “MAC entity”, “MAC instance”, “MAC”,
cell group (CG) or primary/secondary or the like as used herein may be used in
referring to a power allocation function of different radio access technologies.
For example, in some embodiments a “primary MAC instance” or a “MeNB CG
- MCG” may correspond to a first radio access technology such as LTE while a
“secondary MAC instance” or a “Secondary CG - SCG” may correspond to a
second radio access technology such as HSPA or Wifi.

[0142] In addition, while they may be described in terms of connectivity
to two eNBs, the methods and devices described herein are also applicable to
operation using an arbitrary number of Uu interfaces (e.g. radio link towards
multiple eNBs).

[0143] In the following discussion, the terms “lower” and “higher” are
used to mean “lowest” or “lower than another element using similar priority
assessment principles” and “highest” or “higher than another element using
similar priority assessment principles”. In addition, the terms “PDCCH” and

“ePDCCH” will be used interchangeably with the understanding that any
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method or device described herein may be applicable to either type of control
channel, when appropriate.

[0144] In this document, the term MAC entity is used mainly to refer to
the WTRU’s functions for handling transmissions to/from a specific eNB and
may thus refer to the combination of the MAC and any associated physical
layer aspect, to physical layer functions only or to the MAC functions only
depending on the context.

[0145] Prioritization functions are described further herein and may be
one possible approach to enabling a WTRU to overcome conflicting scheduling
requirements in UL.

[0146] For example, a WTRU may be configured for dual connectivity.
The WTRU may, in a given transmission time interval (TTI) or subframe,
apply a prioritization function for one or more uplink transmissions. The
WTRU may apply a prioritization function by considering more than one
overlapping subframe associated to the other MAC entity, in particular in case
of unsynchronized physical layers. Described herein are examples of such
functions, possible configuration aspects, as well as inputs to such functions in
terms of how a WTRU may determine the (absolute or relative) priority
associated to the uplink transmissions, scheduling instructions or
combinations thereof.

[0147] In particular, prioritization herein may include a function
applied by a WTRU when the combination of more than one uplink
transmission may impair the WTRU’s ability to adequately perform such
transmissions. For example, such impairments may include where a WTRU is
unable to comply for specific combinations of transmissions (e.g. due to some
hardware limitation, insufficient WTRU capabilities or the like), or where the
available transmit power for two or more uplink transmission(s) may be
insufficient in a given time interval to perform all expected transmissions (e.g.
according to applicable scheduling instructions).

[0148] For example, such prioritization function may be applied

according to at least one of the following:
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a. When the WTRU is expected to perform at least one transmission
associated to more than one MAC entity, and such transmissions
overlap at least partly (e.g. either at the subframe level or at the
symbol granularity).

b. When the WTRU may possibly perform at least one transmission
associated to more than one MAC entity, and such transmissions
overlap at least partly (e.g. either at the subframe level or at the
symbol granularity) including overlapping subframes for which
the WTRU is in DRX Active Time for both MAC entity.

c. In any subframe for which the WTRU performs at least one
transmission.

[0149] In some methods, using any of the above methods, a subframe
may be additionally excluded when at least one of the following conditions is
met for at least one of the MAC entity:

a. The WTRU is not in DRX Active Time.

b. The WTRU may not perform an uplink transmission due to the
occurrence of a measurement gap.

c. The WTRU is not expected to perform any uplink transmission
e.g. due to an interruption introduced by the MAC
activation/deactivation function such as activation time following
the reception of a MAC Activation CE that activates at least one
cell of the concerned MAC entity.

d. The WTRU is not expected to perform any uplink transmission
e.g. due to an interruption introduced by processing required for
an RRC procedure such as a reconfiguration procedure, or such
as a RRC re-establishment procedure.

e. The WTRU is not expected to perform any uplink transmission
e.g. due to the WTRU not having valid uplink timing advance for
the special cell of the concerned MAC entity (e.g. PCell for the
MeNBr Cell Group, pSCell for the SeNB Cell Group).

f. The WTRU is not expected to perform any uplink transmission

due to some impairment e.g. such as when detecting radio link
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failure for the physical layer associated to the concerned MAC

entity.
[0150] In some methods, in subframes for which the WTRU does not
apply such prioritization function, consequently the WTRU may instead use a
behavior similar to a behavior used for single connectivity e.g. the WTRU may
apply legacy power control and power allocation functions.
[0151] FIG. 5 is a flowchart 500 illustrating an example application of a
prioritization function. On a condition 510 that a WTRU is configured for
operation in a dual connectivity mode, the WTRU may determine in step 530
whether the simultaneous transmission of the plurality of transmissions
scheduled for uplink in the time interval would exceed a capability of the
WTRU.
[0152] If the WTRU capability would be exceeded, the WTRU may apply
a prioritization function 540 and may proceed to transmit the uplink
transmissions according to the prioritization in step 550.
[0153] If the combination of uplink transmissions do not exceed a
capability of the WTRU to perform all of the uplink transmissions, the WTRU
may in step 560 transmit the uplink transmissions per MAC entity without
applying a prioritization function.
[0154] It is noted that in some implementations of the application of the
prioritization function illustrated in FIG. 5, the uplink transmissions may be
conceptualized as transmissions to more than one eNB, or as uplink
transmissions using the resources of more than one CG, rather than

corresponding to more than one MAC entity.

[0155] Methods for selective transmission are also further described
herein.
[0156] One way to realize a prioritization function is through selective

transmission. For example, a transmission may be performed by selectively
determining what grant information to use for a HARQ process associated to
the transmission of a transport block (TB). A TB may be associated to a

specific TB size (TBS) which may represent the amount of data information
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bits as provided by the MAC layer. The WTRU may determine the TBS as a
function of the MCS and the number of PRBs associated to the transmission.
[0157] The WTRU may autonomously determine to use one of a
plurality of available sets of grant parameters. More specifically, the WTRU
may determine that it should perform a transmission such that it may
autonomously determine one or more characteristics of the transmission as a
replacement of one or more aspects of the applicable grant (the “base grant”).
Such characteristic(s) may include parameter(s) associated to a grant. The
WTRU may first determine one (or more) alternative values for the concerned
characteristic(s). Such alternative value(s) may be grouped as sets of
parameters. One such grouping may correspond to the definition of a grant for
an uplink transmission (an “alternative grant”). Such set or sets may be
associated to a serving cell of the WTRU’s configuration. Such set or sets may
have an associated validity criterion which may be modified with time
explicitly (e.g. from signaling received from an eNB e.g. the MeNB) or
implicitly (e.g. based on subframe timing, expiration, or the like).

[0158] The WTRU may autonomously determine to replace base grant
information by an alternative grant. For example, when the WTRU applies a
prioritization function according to a selective transmission method, it may
use an alternative grant instead of the base grant for a given transmission.
[0159] Possibly, the WTRU may not replace a grant received in a RAR.
It is also possible that a WTRU may only replace a base grant received using
specific DCI types with an alternative grant. For example, the WTRU may
only replace a base grant if it is received in a DCI format e.g. DCI format 0. In
another example, a WTRU may not replace a base grant received in a RAR
with an alternative grant.

[0160] The set of parameters, or grant, may be associated to a specific
TB size. It is also possible that such set or sets of parameters (e.g. an
alternative grant) may be associated with a transport block (TB) size, e.g. such
that for a given transport block size the WTRU may determine that it has one

or more alternative grants.
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[0161] The following relates to example rules for grant substitution in
the case of a new transmission or new HARQ process. Several approaches for
realizing a prioritization function using grant substitution are possible.

[0162] New transmission — no restriction in TBS: In one example
approach, the WTRU may replace a base grant with an alternative grant for a
new transmission independently of their respective associated TBS.

[0163] Further logic for the concerned process: In such cases, the
WTRU may select an alternative grant and determine the associated TBS.
The WTRU may then perform the new transmission on the resource and with
the MCS indicated in the alternative grant. Adaptive retransmissions may
then be performed on the resource and, if provided, with the MCS indicated on
PDCCH only if the resulting TBS is identical to the TBS associated to the
initial transmission for this TB (otherwise, this is a case addressed further
below regarding DCI indication of NDI toggling). Non-adaptive
retransmissions may be performed on the same resource and with the same
MCS as was used for the last made transmission attempt.

[0164] New transmission — restricted to same TBS as base grant only:
In another example approach, the WTRU may replace a base grant with an
alternative grant for a new transmission, where the WTRU only uses an
alternative grant having the same associated TBS as the concerned base
grant.

[0165] If only alternative MCS then determine alternative set of PRBs:
In such case, the WTRU may select the alternative grant. If only an
alternative MCS is available, the WTRU may determine an associated set of
resources autonomously. If there exists one combination of the alternative
MCS with the PRBs indicated in the base grant for the concerned TBS, then
WTRU may use such PRBs; otherwise, the WI'RU may determine a different
set of PRBs. Such different set of PRBs may represent a smaller number of
PRBs and may be entirely overlapping with the set of PRBs indicated by the
base grant and using the same starting resource element for the initial PRB.
[0166] If only alternative PRBs then determine alternative MCS: In

such cases, the WTRU may select the alternative grant. If only an alternative
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set of PRBs 1s available, the WTRU may determine the associated MCS
autonomously: if there exists one combination of the alternative set of PRBs
with the MCS indicated in the base grant for the concerned TBS, then WTRU
may use such MCS; otherwise, the WTRU may not select the alternative
grant. Alternatively, the WTRU may determine such different MCS using a
different set of PRBs that may represent a smaller number of PRBs and may
be entirely overlapping with the set of PRBs indicated by the alternative grant
and using the same starting resource element as indicated by the alternative
grant.

[0167] Further logic for the concerned process: The WTRU may then
perform the new transmission on the resource and with the MCS as
determined in the above described steps. Adaptive retransmissions may then
be performed on the resource and, if provided, with the MCS indicated on
PDCCH only if the resulting TBS is identical to the TBS associated to the
initial transmission for this TB (otherwise, this is a case addressed further
below regarding DCI indication of NDI toggling). Non-adaptive
retransmissions are performed on the same resource and with the same MCS
as was used for the last made transmission attempt.

[0168] In an example approach, the WTRU may replace a grant (i.e.
either a base grant e.g. for an adaptive retransmission or an alternative grant
e.g. for a non-adaptive retransmission) for a retransmission for an ongoing
HARQ process using another alternative grant only if the associated TBS if
the same as the TBS of the grant it replaces and/or as the TBS of the last
made transmission attempt.

[0169] Rules for grant substitution — retransmission for an ongoing
HARQ process: For example, the WI'RU may perform one or more HARQ
retransmissions associated with the same HARQ process (i.e. for
retransmission of the same TB). The WTRU may then only select an
alternative grant (if applicable) having a TBS which is the same as the TBS of
the previous transmission attempt for this process independently of whether a
base grant or an alternative grant was used.

[0170] A possible approach for handling redundancy version for a HARQ
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process using an alternative grant: In legacy LTE systems, the sequence of
redundancy versions is 0, 2, 3, 1. The WTRU typically maintains a variable
CURRENT_IRV as an index into the sequence of redundancy versions. This
variable is updated modulo 4. The WTRU may use this same logic even for a
HARQ process for which selective transmission and the use of alternative
grant information is applicable.

[0171] Possible approach for handling other control information from a
base grant when replacing with an alternative grant: The WTRU may comply
with some of the downlink control information received in the DCI that
contains the base grant even if the transmission for PUSCH is performed
using the alternative grant.

[0172] Possible WTRU behavior for TPC command for PUSCH: The
WTRU may determine that the DCI that contains the base grant also includes
TPC command bits for power control of PUSCH. In an example approach the
WTRU may comply with the TPC command independently of whether or not
an alternative grant is used for the associated transmission.

[0173] Possible WTRU behavior for CSI/SRS triggers: The WTRU may
determine that the DCI that contains the base grant also includes bits that
are set such that the WI'RU 1is requested to transmit CSI information and/or
SRS (e.g. SRS trigger type 1). In this situation, in an example approach, if the
WTRU replaces such base grant with an alternative grant, the WTRU may
determine that the request is applicable to the alternative grant.

[0174] Possible WTRU behavior for SRS triggers: The WTRU may
comply with an aperiodic SRS request in DCI independently of selected grant.
In another approach, the WTRU may determine that it should transmit a SRS
according to a trigger, e.g. either trigger type 0 (L3/RRC trigger) or trigger
type 1 (L1/DCI trigger) independently of the type of grant used for the PUSCH
transmission. The WTRU may additionally apply another prioritization
function to the SRS transmission as described herein.

[0175] For example, the WTRU may receive a grant for a PUSCH
transmission in a DCI on PDCCH which DCI may include a SRS request (e.g.
the bit for SRS request is set). In this case, the WTRU may select an
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alternative grant e.g. according to any of the methods described herein and
perform the transmission of SRS according to the request in the base grant.
[0176] In another approach, the WTRU may ignore any trigger to
transmit SRS when it uses an alternative grant. This may lower possible
interference with transmission from other WTRUs.

[0177] Possible WTRU behavior for CSI triggers: The WTRU may
comply with an aperiodic CSI request in DCI independently of selected grant.
The WTRU may determine that it should perform the transmission of CSI
according to an aperiodic request independently of the type of grant used for
the PUSCH transmission. The WTRU may additionally apply another
prioritization function or functions to the CSI transmission as described
herein.

[0178] For example, the WTRU may receive a grant for a PUSCH
transmission in a DCI on PDCCH which DCI may include a CSI request (e.g.
at least one bit of the CSI request field is set). In this case, the WTRU may
select an alternative grant e.g. according to any of the methods described
herein and perform the transmission of CSI according to the alternative grant
if the transmission is included in the corresponding PUSCH transmission, or
according to legacy methods otherwise (e.g. on PUCCH or on another
PUSCH).

[0179] The WTRU may comply with configured CSI reporting
independently of selected grant: In another approach, the WTRU may
determine that it should perform the transmission of CSI according to a
configuration for periodic CSI reporting independently of the type of grant
used for the PUSCH transmission. The WTRU may additionally apply other
prioritization function to the CSI transmission as described herein.

[0180] The WTRU may ignore any CSI trigger when it selects
alternative grant: In another approach, the WTRU may ignore any trigger to
transmit CSI when it uses an alternative grant. This may simplify blind
decoding processing in the receiver (eNB).

[0181] WTRU behavior for a HARQ process configured with TTI
bundling: In one approach, a WTRU configured for TTI bundling operation
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(e.g. in the PCell of the WTRU’s configuration for the Primary MAC entity)
may apply any of the approaches above to replace the base grant with an
alternative grant for a bundle transmission. In another approach, a WTRU
configured for TTI bundling operation for a given serving cell may not select
an alternative grant for any transmission in the concerned cell.

[0182] WTRU autonomously used alternative grant, then a received DCI
indicates different TB size: The WTRU may have used an alternative grant
for the previous transmission for a HARQ process. The WTRU may
subsequently receive a DCI that indicates a grant for the concerned HARQ
process, which grant results in a different TBS than the last made
transmission for this HARQ process.

[0183] Case where DCI indicates that an associated NDI has been
toggled: In such case, if the WTRU determines that the NDI is considered
toggled from the decoding of the base grant, the WIRU may determine that
the grant is for a new transmission and consider the base grant as being valid
scheduling information.

[0184] Case where DCI does not indicate that an associated NDI has
been toggled: Otherwise if the WTRU determines that the NDI is not
considered toggled from the decoding of the base grant, the WTRU may
perform at least one of the following:

[0185] The WTRU may determine that the base grant is inconsistent
with the state of the HARQ process (i.e. this may be considered as a new error
case introduced by loss of synchronization between the WTRU-autonomous
behavior described herein and the eNB scheduling state).

[0186] The WTRU may collapse the HARQ process, i.e., the WTRU may
determine that the grant is for a new transmission and may consider the base
grant as being valid scheduling information. The WTRU may then consider
the NDI as having been toggled. The WTRU may first determine whether or
not the physical hybrid-arq indicator channel (PHICH) associated to the last
made transmission for this HARQ process indicates ACK or NACK. If NACK,
then the WTRU may first determine that the transmission for the transport

block associated to the last made transmission for the HARQ process has
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failed, and may perform similar behavior as upon reaching the maximum
number of HARQ transmissions for this HARQ process and/or may initiate a
scheduling request (SR) and/or a random access procedure on PRACH
resources associated to the concerned cell and/or to a cell of the concerned
MAC entity. Alternatively, the WTRU may first determine whether or not the
PHICH associated to the last made transmission for this HARQ process
indicates ACK or NACK. If NACK, then the WTRU may first determine that
the transport block (and/or its contents) associated to the last made
transmission for the HARQ process is to be retransmitted. Alternatively, the
WTRU may, independently of the last received feedback for this HARQ
process, first determine that the transport block associated to the last made
transmission for the HARQ process has failed, and may perform similar
behavior as upon reaching the maximum number of HARQ transmissions for
this HARQ process, and/or may initiate a scheduling request (SR) and/or a
random access procedure on PRACH resources associated to the concerned cell
and/or to a cell of the concerned MAC entity.

[0187] The WTRU may discard the received control scheduling
information and may suspend the concerned HARQ process. For example, the
WTRU may consider that the last received feedback for the concerned HARQ
process is set to ACK. The WTRU may keep the process suspended until it
receives control signaling from which it may consider that the NDI is toggled.
In this case, the eNB may detect that the HARQ process is suspended from
the absence of transmission on the scheduled resources. Note: assuming that
an eNB may detect the inconsistency, a WTRU could subsequently receive a
grant with correct TBS information and continue the suspended process.
[0188] The WTRU may flush the uplink HARQ buffer for the HARQ
process. In this case, the eNB may detect that the HARQ process is inactive.
Possibly, the WTRU considers that the NDI has been toggled for the next
transmission for this HARQ process.

[0189] For a given subframe (e.g. n-4) that collides with a measurement
gap and in which the WTRU may have otherwise received dynamic scheduling
information on PDCCH for a HARQ process, the WTRU may behave according
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to at least one of the following if the last made transmission was performed
using an alternative grant. In one approach, the WTRU may determine that
it should perform a non-adaptive retransmission in subframe n if the last
received feedback is NACK and according to the last made transmission using
a base grant for this transport block (if applicable), otherwise it may refrain
from performing any transmission for this HARQ process in subframe n. In
another approach, the WTRU may determine that it should perform a non-
adaptive retransmission in subframe n if the last received feedback is NACK
and according to the grant of the last made transmission for this transport
block. In another approach, the WTRU may refrain from performing any
transmission for this HARQ process in subframe n if the last made
transmission was performed using an alternative grant, independently of the
last received feedback.

[0190] For a given subframe (e.g. n) that collides with a measurement
gap and in which the WTRU may have otherwise performed a PUSCH
transmission for a HARQ process, the WTRU may perform as per legacy
behavior.

[0191] For a given subframe (e.g. n+4) that collides with a measurement
gap and in which the WTRU may have otherwise received PHICH feedback for
a HARQ process, the WTRU may determine that the last received feedback is
ACK as per legacy behavior.

[0192] The WTRU may associate a priority level with such set of
parameters (e.g. with an alternative grant) such that it can determine the
applicable set for the transmission as a function of the transmission’s priority
level. The WTRU may determine such priority level using similar approaches
as for determination of priority level for a transmission as described herein.
[0193] The WTRU may have multiple UL transmissions granted in the
same subframe and may allocate power per a priority rule. Upon satisfying all
transmissions with higher priority, a WTRU may determine the appropriate
grant parameters of a lower priority transmission based on the remaining

available power.
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[0194] The WTRU may, in one approach, use an alternative grant
instead of a base grant only if the base grant indicates that the scheduling
information is for a new transmission (e.g. where the WTRU determines that
the NDI bit is considered to have been toggled).

[0195] According to another approach, uplink control information (UCI)
that indicates the use of an alternative grant (and possibly, an indication
allowing the eNB to determine one or more aspects of the alternative grant
e.g. an index to an entry in a table) may be added in the corresponding
PUSCH transmission. Such indication may be used by the eNB to determine
how to blindly decode the transmission and possibly also any retransmissions
for the same transport block.

[0196] According to another approach, the WTRU may obtain such set of
transmission parameters for a given type of transmission (e.g. PUSCH) to be
performed in a given subframe (e.g. subframe n+4) according to at least one of
the following:

[0197] 1. Multi-grant in single DCI: The WTRU may receive multiple
grants in the same DCI in subframe n, on a PDCCH that schedules
transmission for the WTRU on a given serving cell of the WTRU’s
configuration. For example, the WTRU may successfully decode one DCI that
includes a base grant as well as one (or more) alternative grant(s). The
priority level associated with each grant may be determined using any of the
methods described herein, in particular as a function of the order of the
parameters (grant information) in the concerned DCI.

[0198] 2. Multi-DCI/multi-PDCCH: The WTRU may receive multiple
grants in different DCIs in subframe n, on a PDCCH that schedules
transmission for the WTRU on a given serving cell of the WTRU’s
configuration. For example, the WTRU may successfully decode multiple DClIs
— one that includes a base grant as well as one (or more) DCI(s) that include
an alternative grant. Such DCI may include a single alternative grant, or a
plurality of alternative grants (in which case the relative priority level
between each alternative grants may be a function of the order/position of the

grant in the concerned DCI). The priority level associated to each successfully
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decoded DCI may be determined using any of the methods described herein, in
particular as a function of the signaling in the DCI (e.g. an explicit indication),
of the RNTI used for decoding the DCI, of the identity of the PDCCH or of the
search space on which the DCI is successfully decoded.

[0199] 3. Grant extrapolation: The WTRU may receive a grant in a DCI
in subframe n, from which the WTRU may be allowed to derive one or more
alternative grant(s) according to specific rules (such that the eNB is expected
to perform blind decoding appropriately). The priority level associated to each
DCI may be determined using any of the methods described herein, in
particular as a function of the nature of the grant e.g. whether the grant is
dynamically scheduled or is a semi-statically configured base grant (for a
transmission of higher priority) or an extrapolation thereof (for a transmission
of lower priority). For example, in the event that a WTRU cannot perform an
UL transmission at the required and/or expected transmission power with the
granted parameters, the WI'RU may modify one or multiple parameters of the
UL transmission. For example, a WTRU may be configured with MCS and
TBS tables such that an indication in a grant maps to a set of possible MCS
and/or TBS values. The WTRU may use a different MCS and/or TBS value
based on being able to achieve the required transmission power. The selection
of the MCS and/or TBS value may be based on satisfying an optimization
function. For example, the WTRU may select the MCS and/or TBS value that
1s largest, smallest, requires most transmission power, requires least
transmission power or preconfigured as a fallback value from the one
indicated in a grant. The example provided herein may be applicable to
transmission rank, precoder, cyclic shift for DM-RS and OCC and/or CSI
Request;

[0200] 4. Configured alternative grant: The WTRU may be configured
(e.g. by RRC) with a semi-static alternative grant (e.g. some form of persistent
alternative grant). This is herein referred to as a configured alternative grant
(CAG). When the WTRU is configured with such grant, the WTRU may select
and use the CAG when it determines that it should apply a prioritization

function for a given transmission. In other words, the WTRU may use a CAG
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instead of another, possibly less suitable, grant (e.g. a base grant) for a given
transmission. A CAG may also be restricted in time, such that it may apply to
one or to a plurality of subframes within a certain time interval (e.g. a radio
frame) and/or may be available according to a given (possibly configurable)
period.

[0201] The WTRU may, in some implementations, use such CAG only
when the WTRU has received a DCI that dynamically schedules the
corresponding transmission (i.e. in case of a dynamically scheduled base
grant). In other words, the validity of a CAG may be a function of the WTRU’s
PDCCH decoding for the concerned serving cell. The validity of a CAG may
also be a function of the availability of any base grant for an uplink
transmission for the concerned cell, e.g. including where the WTRU has a
semi-persistent grant (i.e., a R8-like semi-persistent scheduling (SPS) grant)
for the concerned subframe (i.e. in case of a semi-persistent scheduled grant
without dynamic adaptation). In other words, the WTRU may autonomously
adapt a dynamically scheduled transmission (i.e. a base grant) or a first
configured grant for a semi-persistent scheduled transmission (i.e. a semi-
static base grant) by using a second configured (semi-persistent) grant (i.e. an
alternative grant).

[0202] In some implementations, the WTRU may receive additional
control signaling that activates and deactivates such CAG. Such signaling
may be received in a DCI on PDCCH. Such signaling may include the
corresponding grant information for the CAG. The WTRU may transmit
HARQ feedback e.g. in subframe n+4 for such control signaling received in
subframe n. Alternatively, such signaling may be a L2 MAC Control Element
(CE).

[0203] In some implementations, the WTRU may determine that it may
autonomously select one or more transmission parameters, e.g. that it may
replace a base grant with an alternative grant from the reception of an explicit
indication in a DCI. Such indication may be a specific value and/or codepoint
in the TPC field of the DCI. According to one possibility, the WTRU may

determine that it may autonomously select one or more transmission
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parameters only for a DCI for which the WTRU considers that the NDI bit is
toggled and/or for a DCI indicating a new transmission. The eNB may then
detect a situation where a WTRU becomes power limited and indicate for
every new transmission whether or not the WTRU may autonomously replace
a grant. This may be useful in a situation where no specific priority is
associated to any MAC instance but for which the WTRU determines itself
how to prioritize uplink transmissions, and also because a scheduler may not
know a priori whether or not the WTRU is being scheduled for both MAC
entities in a given TTL

[0204] In some implementations, the WTRU may determine that there
are two or more of such additional sets of transmission parameter(s) (e.g.
alternative grants) that are valid and available in a given subframe (i.e. in
addition to the base grant). In such case, the WTRU may select the grant that
maximizes the allocation of power and/or that minimizes the scaling of the
transmission power e.g. across all transmissions of a given MAC entity (e.g. if
the corresponding transmissions are given higher priority in a MAC-specific
manner), across all transmission of the WTRU for a given subframe, or across
types of cell (e.g. PCell of primary MAC entity first, then Special cell of
secondary MAC entity, SCells of primary MAC instance and finally the
remaining SCells).

[0205] For example, selective transmission may be useful to perform
some form of WTRU autonomous decision to avoid a situation where a WTRU
performs blanking of (or scaling to zero power) a transmission, to avoid a
situation where power scaling is applied to a transmission, or to avoid
truncating a transmission. The corresponding eNB may perform blind
decoding of the transmission according to two or more grants that may be
applicable in the concerned subframe. The eNB may transmit control
signaling that activates and deactivates such alternative sets of transmission
parameters or grant(s) e.g. such that those are available to the WTRU only on
a condition that the eNB (e.g. the MeNB) determines that the WTRU may be
power-limited, or on a condition that processing requirements for the

associated blind decoding in the eNB exceeds the capabilities of the eNB for a
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given period. In particular, this may be useful where it cannot be assumed
that timing of the uplink transmission can be synchronized within some
margin, e.g. at the symbol duration and within the length of a cyclic prefix.
[0206] From the network perspective, the implication is that the eNB
may perform additional blind detection processing in a subframe for which a
WTRU may have one (or more) alternative grant(s) available for a given
HARQ process.

[0207] The eNB may perform such blind decoding to detect uplink
control information that indicates that an alternative grant is used (and
possibly also, which alternative grant is used) in the PUSCH transmission
(if/fwhen such UCI is applicable) for every concerned such subframe.

[0208] The eNB may perform such blind decoding of the transport block
using the different possible alternatives. In such case, the eNB may perform
such actions only where the transmission of a new transport block is expected
if the WTRU is only allowed to first use an alternative grant for a given HARQ
process for a new transmission (e.g. only where the WT'RU determines that
the NDI associated to the concerned HARQ process has been toggled and/or
where the HARQ process obtains a new MAC PDU for transmission).
Otherwise, the eNB may perform such actions also where a retransmission for
a transport block may be expected if the WTRU is allowed to use a first
alternative grant for a given HARQ process where applied to a HARQ
retransmission (e.g. where the grant selection is restricted by the size of the
transport block associated to the associated base grant). If the WTRU may
only select an alternative grant of a TBS that matches that of the base grant
and/or that of the previous transmission of the same HARQ process, the eNB
may only perform blind decoding using those alternative grant(s) that matches
that TBS if one or more alternative grant(s) of different TBS are also
configured for the concerned WTRU.

[0209] The following relates to various approaches to adaptive
prioritization. One example approach for realizing a prioritization function
may be to dynamically adjust how the prioritization function is applied. The

WTRU may then use a different prioritization function or apply the
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prioritization function differently such as by allocating transmission power in
different manner from one time unit (e.g. a TTI, a radio frame or another
possibly configured period) to another. Such configured period may include a
configured power allocation period. For simplicity, the term TTI may be used
below to represent any form of time unit. Such dynamicity may be introduced
using a function that may vary the priority associated to one or a subset of
transmissions. Such subset may be transmissions associated to a same MAC
entity.

[0210] FIG. 6 illustrates one example of dynamic adjustment of a
prioritization function. Step 640 illustrates an example implementation of a
prioritization function, such as may be useable with step 540 shown and
described with respect to of FIG. 5. In step 610, the WTRU may determine
which prioritization function to apply and/or how to apply the prioritization
function for the given time interval, and in step 620, the WTRU may apply the
determined prioritization function. It is noted that in other implementations
(not shown) the prioritization function may be fixed, or may be varied for time
intervals other than the given time interval.

[0211] One possible approach is to implement a method that can change
the priority applied to transmissions associated to different MAC entities.
Such approach may be useful to realize some form of fairness between
scheduling events from a plurality of eNBs and may contribute to avoiding
starvation that could occur in the presence of uncoordinated schedulers
unaware of each other’s impact on the WTRU’s transmissions. Such an
approach may be useful to realize some form of fairness when power allocation
is performed according to the principles described herein where a WTRU
simultaneously transmits using physical layers associated to different radio
access technologies.

[0212] The approaches described herein may be applicable to the total
available uplink transmission power (e.g. up to Pcmax in the case of
transmissions associated to LTE) or to a portion of the available uplink
transmission power. Such portion may be up to an amount of power for which

each MAC instance may contend, such as any remaining power that is not
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part of an amount that is guaranteed to a specific MAC entity. The approaches
described herein may be applicable to a subset of the transmissions of a
WTRU, such as transmissions of a specific priority.

[0213] For example, one example principle may that “the one who gets
penalized can change dynamically”. For example, for every TTI that leads to a
need to scale the power (a scaling event), power may first be allocated to the
MAC entity with highest priority and remaining power may then be allocated
to other MAC entit(y/ies) in decreasing priority order. The priority associated
to each MAC entity that contends for the total available power may change
prior to (or following) every collision event, or alternatively prior to (or
following) the beginning of a period that starts with such collision event. Each
MAC instance 1s allocated a probability of having the highest priority level,
which probability is updated such that it is increased in case contention is lost
and such that it is lowered in case contention is won. The probability may be
updated also after a given period (including possibly in a periodic manner
during periods without contention) without any scaling event such that the
entity with the highest probability is updated such that it gets lower - and
conversely - until each MAC entity reaches a specific value (e.g. an initial
possibly configured value or an equal probability for each MAC entity). In a
given TTI for which the WTRU determines that scaling is required, the WTRU
may first determine which MAC entity has highest priority by using a random
generator that uses the probability of each MAC entity as input. For example,
in case where two MAC entities contend for the total available WTRU
transmit power, the WTRU only needs to maintain a probability and to
determine the priority for a single MAC entity.

[0214] In another approach each MAC instance may be allocated a
priority value. Upon a collision, the MAC(s) with highest (or lowest) priority
value may perform transmissions without scaling while transmissions
associated to other MAC(s) may be scaled. Prior to (or following) a collision,
the priority values of some or all affected MACs may be modified such that
any MAC entity that performed at least one transmission with or without

scaling may have its priority value increased or decreased (respectively) by a
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predetermined amount. Furthermore, prior to (or following) a period that
starts with such a collision and possibly contains no other collision, the
priority levels of the affected MACs may increase (or decrease) by a (possibly
different) predetermined amount, such that they may reach a specific value
(e.g. an initial value or an equal probability for each MAC entity).

[0215] For conciseness and without limiting the applicability of the
methods described herein to specific transmissions by type of physical
channel, by type/identity of a serving cell or for individual transmissions, the
following will assume that priority is allocated to all transmissions of a given
MAC entity (unless explicitly stated otherwise). In addition, without limiting
the applicability of the methods described herein to an arbitrary number of
elements (e.g. more than two transmissions or more than two MAC entities),
the following will assume that transmissions associated to two MAC entities
are contending for available power. In addition, power scaling is used as
prioritization function but the method described herein may be applicable to
any other prioritization function.

[0216] In an example approach, such method may be applied only in
TTIs for which the WTRU determines that a prioritization function (e.g. power
scaling) should be applied. For example, such method may be used to associate
varying priority to one or more transmissions. For example, the WTRU may
use such method to determine that it will first allocate transmission power to
transmissions associated to one of two MAC entities by varying the priority of
the concerned MAC entities.

[0217] Where power scaling is needed, the WTRU may first determine a
priority for the applicable MAC entities such that a priority order is
established, then allocate power to transmissions of the MAC entity with the
highest priority, and any remaining power to the other entities either in
decreasing priority order or by splitting remaining power equally to the
different MAC entities. In any case, if the power available to a concerned MAC
entity is insufficient for all transmissions, power scaling may be applied to the
transmissions associated to the concerned MAC entity e.g. according to legacy

R11 behavior, or more generally according to the power allocation behavior of
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the concerned radio access technology once the total amount of WTRU power
available to the concerned MAC entity is determined.

[0218] For example, if no power remains for the second MAC entity and
if it 1s insufficient for all transmissions of the first MAC entity, power scaling
may be applied to transmissions of the first MAC entity e.g. according to
legacy R11 power scaling function. If power remains for the second MAC
entity, power scaling may be applied to transmissions of the second MAC
entity e.g. according to legacy R11 power scaling function. If power scaling is
applied for a SMAC, it may be assumed that one of the cells of the concerned
MAC entity is a special cell for which scaling is applied similarly as for the
PCell in legacy R11 scaling.

[0219] FIG. 7 is a flowchart 700 illustrating an example application of
adaptive prioritization. In 700, a WTRU is configured with a maximum power
for all uplink transmissions during a given time interval (Pcmax), a minimum
guaranteed power for uplink transmission from the WTRU using the uplink
resources of a first cell group CG1, and a minimum guaranteed power for
uplink transmission from the WTRU using the uplink resources of a second
cell group CG2.

[0220] On a condition 710 that the WTRU is configured for operation in
a dual connectivity mode during a particular time interval, the WTRU may
determine in a step 730 whether the total power required for all unscaled
uplink transmissions scheduled for the time interval will exceed Pcmax. If it
will not, the WTRU may transmit uplink transmissions without applying a
prioritization function in step 740.

[0221] If the total power required for all unscaled uplink transmissions
scheduled for the time interval will exceed Pcmax, the WTRU may in step 750
allocate power to uplink transmissions scheduled for transmission to CG1 up
to the minimum guaranteed power for CG1l. In some implementations these
transmissions may be allocated in decreasing priority order and/or by scaling
power if the required transmit power for all uplink transmissions scheduled
for transmission to CG1 exceeds the minimum guaranteed power for CG1.

[0222] On a condition 760 that no unallocated power remains after
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allocating CG1 uplink transmissions, the WTRU may transmit all allocated
uplink transmissions as allocated in step 795. If any unallocated power
remains after allocating CG1 uplink transmissions (i.e. Pcmax — power
allocated for uplink transmissions using the uplink resources of CG1 > 0), the
WTRU may in step 770 allocate power to uplink transmissions scheduled for
transmission using the uplink resources of CG2 up to the minimum
guaranteed power for CG2. In some implementations these allocations may be
made to transmissions in decreasing priority order and/or by scaling power if
the required transmit power for all uplink transmissions scheduled for
transmission using the uplink resources of CG2 exceeds the minimum
guaranteed power for CG2.

[0223] On a condition 780 that no unallocated power remains after
allocating CG2 uplink transmissions, the WTRU may transmit all allocated
uplink transmissions as allocated in step 795. If any unallocated power
remains after allocating CG2 transmissions (i.e. Pcmax — allocated power for
uplink transmissions using the uplink resources of CG1 — allocated power for
uplink transmissions using the uplink resources of CG2 > 0), the remaining
power may be allocated by the WTRU in step 790 for any remaining
unallocated uplink transmissions using the uplink resources of CG1 or CG2.
In some implementations, these allocations may be made to transmissions in
decreasing priority order and/or by scaling power. After the remaining
unallocated power has been allocated, the WTRU may transmit all allocated
uplink transmissions as allocated in step 795.

[0224] FIG. 8 is a block diagram illustrating allocation of power to
uplink transmissions according to the example described with respect to FIG.
7. FIG. 8 shows Pcmax 800, the minimum guaranteed power 810 for uplink
transmissions using the uplink resources of CG1, and the minimum
guaranteed power 820 for uplink transmissions using the uplink resources of
CG2. Minimum guaranteed power 810 and minimum guaranteed power 820
are each a ratio (1.e. percentage or proportion) of Pcmax, and FIG. 8 illustrates
example proportions for an application of the adaptive prioritization method

shown and described with respect to FIG. 7.
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[0225] For these example proportions, guaranteed power 810 shows the
proportion of Pcmax 800 which may be allocated as minimum guaranteed
power for uplink transmissions using the uplink resources of CG1 in step 750
of FIG. 7, and guaranteed power 820 shows the proportion of Pcmax 800
which may be allocated as minimum guaranteed power for uplink
transmissions using the uplink resources of CG2 in step 770 of FIG. 7. 830
will correspond to the proportion of Pcmax 800 which may be allocated to any
remaining uplink transmissions in step 790 of FIG. 7 if power is allocated for
CG1 and CG2 transmissions each at the minimum guaranteed power.

[0226] In one example approach, adaptation may be derived randomly.
For example, the WTRU may use a stateless and fair probability function. The
outcome of the function (e.g. similar to the toss of a coin) may be applied to
determine the priority associated to each MAC entity. For example, the WTRU
may apply the probability function (e.g. a Bernoulli distribution with
probability = 0.5) to one of two MAC entities; if the concerned MAC entity gets
associated to value 1, then all transmissions associated to this MAC entity are
allocated power first; if any power remains, transmissions associated to the
second MAC entity may be allocated remaining power. This may be
generalized to any number of MAC entities using the appropriate probability
distribution.

[0227] In an example approach that may generalize the previous
approach, such probability function may use a different probability for the
respective MAC entities. For example, the WTRU may apply the probability
function (e.g. a Bernoulli distribution with probability = x) to one of two MAC
entities, where x is in the range [0, 1]. Such probability x may be a
configuration aspect of the concerned MAC entity.

[0228] In another example approach, the probability x may vary with
time. Such time may be a TTI or may be a configured power allocation period.
For example, the probability x may be updated in any TTI for which the
WTRU performs at least one transmission such that its value may be

decreased if the transmission is associated to the concerned MAC entity and
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possibly also if no prioritization function (e.g. power scaling) is applied, or its
value may be decreased otherwise.

[0229] In another example approach, such adaptation may be derived
from previous prioritization (e.g. scaling) events applied on transmissions
performed by the WTRU. For example, the probability x may be updated in
any TTI for which the WTRU performs at least one transmission associated to
each MAC entities and where a prioritization function (e.g. power scaling) is
applied, such that its value may be increased if the WTRU has applied power
scaling to the transmission power (or an equivalent function e.g. selective
transmission) of at least one transmission associated to the concerned MAC
entity, or decreased otherwise.

[0230] In another example approach, the value of x may be one of a
discrete set of values e.g. [0.1, ..., 0.9] with intermediate values in step
increment of 0.1.

[0231] In another example approach, such adaptation may use a
probability function associated with a state. Such state may be a priority level
associated to the concerned MAC entity. Such state may be based on a period
of time, such as based on a single previous TTI (or alternatively a period
during which the priority was not subject to change from one TTI to the
other). Such previous TTI may include either: the TTI immediately before the
TTI for the current transmission; or the TTI of the previously made
transmission; or the TTI in which the WTRU may at least one transmission
associated to each of the MAC entities that contend for power in the concerned
TTI.

[0232] Such previous TTI may be a TTI in which the WTRU applied one
of the prioritization functions (e.g. power scaling). For example, such TTI may
be the last TTI in which the WTRU applied power scaling to at least one of its
transmissions.

[0233] For example, the WTRU may determine the priority associated to
transmissions of a first MAC entity using a Markov chain where the current
state associated to the concerned MAC entity is the outcome determined in the

previous TTI for which the WTRU applied power scaling and for which the
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WTRU had at least one transmission for at least each of two MAC entities.
Alternatively, such period may be a configured power allocation period.

[0234] In some deployment scenarios, timing of transmissions associated
to different MAC entities may differ such that some overlap may occur
between a transmission performed in subframe n for a first MAC entity and a
transmission performed in subframe n+1 for a second MAC entity. In such
case, the total transmission power may exceed the maximum WTRU transmit
power WTRU temporarily. It may be problematic for a WTRU to scale power
properly for consecutive subframes if the priority changes from one TTI to the
other.

[0235] In one example approach, the WTRU may modify the priority
associated to a MAC entity only for a TTI that immediately follows a TTI for
which power scaling was not applied. Possibly, for stateful functions as
described above, the WTRU may consider only such TTIs; in other words, the
WTRU may only keep track of the outcome of the function used to determine
priority when such priority may be changed. Alternatively, the WTRU may
consider any TTI in which power scaling is applied when it maintains state; in
other words, the WTRU may keep track of the assigned priority when
applying power scaling for the function used to determine priority.

[0236] In a case where two different MAC entities are each configured
with a different TTI duration (e.g. such as where each MAC entity is
configured using a different Radio Access Technology), similar methods may
be used for the time for which the WTRU has overlapping transmissions or for
a configured power allocation period.

[0237] In an example approach, the WTRU may first allocate
transmission power to any transmission that contains UCI (including PUCCH
and/or PUSCH with UCI) and, for remaining transmissions it may use any of
the above functions to determine the identity of the MAC entity for which the
associated transmissions may then be allocated any remaining power; if any
power remains, it may finally be allocated to the MAC entity that lost

contention.
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[0238] In another example approach, the WTRU may first allocate
transmission power to any transmission that contains UCI (including PUCCH
and/or PUSCH with UCI). If total available power is insufficient, a
prioritization function may be applied (e.g. power scaling) at this step e.g.
PMAC first then SMAC. For remaining transmissions it may use any of the
above functions to determine the identity of the MAC entity for which the
associated transmissions may then be allocated any remaining power; if any
power remains, it may finally be allocated to the MAC entity that lost
contention.

[0239] In another example approach, the WTRU may first allocate
transmission power to any transmission associated to the PCell of the PMAC
and, for remaining transmissions it may use any of the above functions to
determine the identity of the MAC entity for which the associated
transmissions may then be allocated any remaining power; if any power
remains, it may finally be allocated to the MAC entity that lost contention.
[0240] In another example approach, the WTRU may first allocate
transmission power to any transmission associated to the PCell of the PMAC
and to any transmission associated to a special cell of the SMAC. If total
available power is insufficient, a prioritization function may be applied (e.g.
power scaling) at this step e.g. PMAC first then SMAC. For remaining
transmissions it may use any of the above functions to determine the identity
of the MAC entity for which the associated transmissions may then be
allocated any remaining power; if any power remains, it may finally be
allocated to the MAC entity that lost contention.

[0241] FIG. 9 is a flowchart 900 illustrating an example application of
adaptive prioritization functions. On a condition 910 that the WTRU is
configured for operation in a dual connectivity mode the WTRU may
determine in a step 930 whether the maximum amount of power available to
the WTRU for uplink transmissions in a time interval is sufficient for all UCI
uplink transmissions during the time interval without power scaling. If so,
the WTRU may allocate power to UCI uplink transmissions per MAC entity

without prioritization in step 940 (for example, by not scaling the power for
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these transmissions). Otherwise, the WTRU may allocate power to UCI
uplink transmissions in step 950 during the transmission using a
prioritization function (for example, by scaling the allocated transmission
power for each of the transmissions, possibly according to priority).

[0242] The WTRU may also determine in step 960 whether, after
allocating power to UCI uplink transmissions, any excess power is available to
allocate to any non-UCI transmissions (i.e., whether the power allocated to
UCI transmissions in step 940 or 950 is less than the maximum amount of
power available to the WTRU for all uplink transmissions in the time
iterval). If power is not available for non-UCI transmissions, the WTRU
may, in step 965, transmit the transmissions as allocated. If power is
available for non-UCI transmissions, the WTRU may determine in step 970
whether the remaining power is sufficient for all non-UCI transmissions
scheduled during the time interval to be transmitted without scaling. If so,
the WTRU may allocate power to non-UCI uplink transmissions in step 980 by
not scaling the power for these transmissions. Otherwise, the WTRU may
allocate power to non-UCI uplink transmissions in step 990 using a
prioritization function (for example, by scaling the allocated transmission
power for each of the transmissions, possibly according to priority).

[0243] FIG. 10 shows a flow chart 1000 which illustrates an example
prioritization of transmissions according to CG type. In the example of FIG.
10, transmissions to a master cell group (MCG) are prioritized above
transmissions to other types of cell group, such as secondary cell groups
(SCG), although in principle another priority order may be implemented. The
procedure illustrated in flow chart 1000 may be used to prioritize
transmissions when allocating remaining power such as in step 1260 of FIG.
12, for example.

[0244] In step 1005 priority is set to q=0 to begin prioritization at the
greatest priority level. On a condition 1010 that CG1 comprises an MCG, the
WTRU allocates remaining power in step 1015 to each as yet unallocated
uplink transmission having priority q which is scheduled for transmission

using the uplink resources of CG1 in a time interval. In step 1020 the WTRU
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may determine whether any unallocated remaining power is available and if
not, the procedure ends. If unallocated remaining power is available, the
WTRU may allocate the available power in step 1025 to each as yet
unallocated uplink transmission having priority q which is scheduled for
transmission using the uplink resources of CG2. In step 1030 the WTRU may
determine whether any unallocated remaining power is available and if not,
the procedure ends. If unallocated remaining power is available, the WTRU
may determine in step 1035 whether any uplink transmissions of priority level
q > q are scheduled for the time interval (i.e. whether any transmissions are
scheduled for uplink during the time interval having lesser priority than q). If
not, the procedure ends. If so, the value of ¢ may be incremented in step 1040
and the procedure may return to condition 1010 in order to consider the next
priority level.

[0245] If the WTRU determines in condition 1010 that CG1 does not
comprise an MCG, the WTRU may determine in step 1045 whether CG2
comprises an MCG. If CG2 comprises an MCG, the WTRU may allocate
remaining power in step 1050 to each as yet unallocated uplink transmission
having priority q which is scheduled for transmission using the uplink
resources of CG2 in the time interval. In step 1055 the WTRU may determine
whether any unallocated remaining power is available, and if not, the
procedure ends. If unallocated remaining power is available, the WTRU may
allocate the available remaining power in step 1060 to each as yet unallocated
uplink transmission having priority q which is scheduled for transmission
using the uplink resources ofCG1l. In step 1065 the WTRU may determine
whether any unallocated remaining power is available and if not, the
procedure ends. If unallocated remaining power is available, the WTRU may
determine in step 1035 whether any uplink transmissions of priority level q’ >
q are scheduled for the time interval (i.e. whether any transmissions are
scheduled for uplink during the time interval having lesser priority than q). If
not, the procedure ends. If so, the value of q is incremented in step 1040 and
the procedure may return to condition 1010 in order to consider the next

priority level.
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[0246] If the WTRU determines in step 1045 that CG2 does not comprise
an MCG, then the WTRU in step 1070 may allocate any remaining power to
each as yet unallocated uplink transmission having priority q which is
scheduled for transmission using the uplink resources of either CG1 or CG2 in
the time interval. In step 1075 the WTRU may determine whether there is
any remaining unallocated power for uplink transmissions in the time interval
and if not, the procedure ends. If so, the WTRU may determine in step 1035
whether any uplink transmissions of priority level ' > q are scheduled for the
time interval (i.e. whether any transmissions are scheduled for uplink during
the time interval having lesser priority than q). If not, the procedure ends. If
so, the value of q is incremented in step 1040 and the procedure may return to
condition 1010 in order to consider the next priority level.

[0247] Further methods for adaptive prioritization are described herein.

[0248] Similarly as for approaches described above, the WTRU may
maintain other type(s) of state to determine how to change the priority
associated to a given MAC entity.

[0249] For example, the WTRU may maintain a configured power
allocation period that it may use to vary, from one period to another, the
priority of different transmissions and/or the priority associated to different
MAC entities.

[0250] For example, the WTRU may maintain some state of the amount
of power it has scaled for each MAC entity, such that a specific ratio may be
enforced. Possibly, such state may be maintained using a moving window.
Such ratio and/or such window may be configurable aspect(s) of the WTRU’s
configuration.

[0251] One possible approach is to implement some form of fairness
and/or means to avoid starvation for bearers associated with a given MAC
entity using methods that can change the scaling rate applied to each MAC
entity according to the principle where “a (possible unequal) share of the
penalty due to the prioritization function (e.g. power scaling) is applied to each

MAC entity”. In an example, for every TTI that lead to the need to scale the
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power (a scaling event), a power scaling ratio for each MAC instance may be
used similar to the above.

[0252] In one example approach, such state may be a ratio of the total
scaling to be applied to different transmissions. The ratio of the total scaling
applied to one or more transmissions may be changed dynamically.

[0253] In one example approach, such state may be based on one or
more metric(s) that each describes one aspect of previous transmissions. Such
state may be averaged over time using a (possibly configured) duration. Such
duration may be useful to determine the reactiveness of a MAC entity to
different scheduling or transmission events as well as to make it more
predictable. How well a guaranteed “serving level” is met may be tracked
dynamically.

[0254] The prioritization may be a function of a metric. Such metric
may include accumulated quantities such as output power, number of
transmitted L1 bits, number of L1 transmissions, number of TBs transmitted,
number of grants for initial transmissions, the sum of size of the transmitted
TBs, the number of PRBs used of transmissions, the number of L2 bits
transmitted, accumulated power scaling applied (or the corresponding
penalty) or the like. State may be expressed as a remaining amount of such
quantities to be allowed or served for the given duration.

[0255] Such state may be specific to each MAC instance, possibly to the
granularity of the type of transmissions. Such metric(s) may be maintained
per MAC entities. Additional state may also be maintained per type of
transmissions e.g. for PUSCH. Additional state may also be maintained by
period of time e.g. for a power allocation period. Possibly, such metric may be
maintained per configured (and activated) serving cell. In the following
discussion, metrics per MAC entity are used for exemplary purposes.

[0256] Such metrics may be tied directly to or related to the Logical
Channel Prioritization (LCP) state for each MAC instance. Such metric may
be related to the state of the MAC LCP function. For example, one metric may
be how well configured logical channel(s) (LCH(s)) (or logical channel group(s)
LCG(s)) are satisfied for the concerned MAC entity in terms of QoS. For
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example, this may be based on the sum of the Bj state for all LCHs of the
concerned MAC entities. In this case, the WTRU may first allocate power to
transmissions associated to the MAC entity with the highest sum (i.e. the one
with the most outstanding amount of data to transmit to meet QoS
requirements). Alternatively, the WTRU may first allocate power to
transmissions associated to the MAC entity for which such sum is considered
only for LCHs associated to at least a minimum priority level. For example,
the WTRU may consider only LCHs associated to the highest LCG for each
MAC entity.

[0257] One example implementation may involve Per-CG Minimum
Guaranteed Power and Remaining Power. The WTRU may have a rate control
function for the allocation of uplink power. Possibly, such power prioritization
function (PPF) may be used only when the WTRU determines that the total
required amount of transmit power exceeds the maximum power allowed for
the WTRU in a given time instant.

[0258] The WTRU may use such PPF function to allocate a prioritization
rate for the usage of available power (a prioritizedMetricRate) to each MAC
entity. For the purpose of example, in the following discussion the metric used
will be output power (a prioritizedPowerRate or PPR) e.g. dBm per MAC
entity (or per associated physical layer).

[0259] Methods for adaptive prioritization may be configurable per
MAC/PHY combination. L3/RRC may be used to control the allocation of
power for each MAC entity for situations where power scaling may be required
by configuration. Such configuration may include a priority for each MAC
entity and a value for the PPR (the rate at which the WTRU allocates that
total available power). For example, the PPR may correspond to the minimum
guaranteed power for the associated CG.

[0260] FIG. 11 is a flowchart 1100 illustrating an example configuration
of a WTRU for uplink transmissions scheduled to occur during a given time
interval. In step 1110, the WTRU is configured with a first minimum
guaranteed power for uplink transmissions using uplink resources of a first

cell group (CG1) scheduled for the time interval. In 1120, the WTRU is
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configured with a second minimum guaranteed power for uplink
transmissions using uplink resources of a second cell group (CG2) scheduled
for the time interval. In step 1130, the WTRU is configured with a value for
remaining power, which may be equal to a total available power for uplink
transmissions in the time interval less the total of the first and second
minimum guaranteed powers.

[0261] It is noted that in some implementations, the configuration of the
WTRU may be considered for uplink transmissions corresponding to first and
second MAC entities or uplink transmissions to first and second eNBs rather
than as uplink transmissions using the uplink resources of CG1 and CG2.
[0262] FIG. 12 i1s a flowchart 1200 illustrating an example of power
scaling. In step 1210, the WTRU is configured with a first minimum
guaranteed power for uplink transmissions scheduled for the time interval
using the uplink resources of a first cell group (CG1). In 1220, the WTRU is
configured with a second minimum guaranteed power for uplink
transmissions scheduled for the time interval using the uplink resources of a
second cell group (CG2). In step 1230, power is allocated for uplink
transmissions using the uplink resources of CG1l scheduled for the time
interval up to the first minimum guaranteed power. In step 1240, power is
allocated for uplink transmissions using the uplink resources of CG2
scheduled for the time interval up to the second minimum guaranteed power.
In step 1250, the WTRU may determine whether there is any remaining
power to allocate for uplink transmissions from the WTRU in the time interval
(i.e., whether the total available power for uplink transmissions in the time
interval less the total of the first and second minimum guaranteed powers is
greater than zero). If so, the remaining power is allocated to uplink
transmissions in step 1260 according to one of various methods described
herein.

[0263] FIG. 13 is a flowchart 1300 illustrating another example of power
scaling. In step 1310, the WTRU 1is configured with a first minimum
guaranteed power for uplink transmissions scheduled for the time interval

using the uplink resources of a first cell group (CG1). In 1320, the WTRU is
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configured with a second minimum guaranteed power for uplink
transmissions scheduled for the time interval using the uplink resources of a
second cell group (CG2). In step 1330, power is reserved for uplink
transmissions using the uplink resources of CG1l scheduled for the time
interval up to the first minimum guaranteed power. In step 1340, power is
reserved for uplink transmissions using the uplink resources of CG2
scheduled for the time interval up to the second minimum guaranteed power.
In step 1350, the WTRU may determine whether there is any remaining
power to allocate for uplink transmissions from the WIT'RU in the time interval
(i.e., whether the total available power for uplink transmissions in the time
interval less the total of the first and second reserved powers is greater than
zero). If so, the remaining power is allocated to uplink transmissions in step
1360 according to one of various methods described herein.

[0264] It is noted that in some implementations, the configuration of the
WTRU may be conceptualized as for uplink transmissions corresponding to a
first MAC entity and to a second MAC entity or transmitted to a first eNB and
to a second eNB, rather than as using the uplink resources of CG1 and CG2.
[0265] In one example approach, the WTRU may use the PPF function
to ensure that it serves scheduling instructions and expected transmissions
according to the following:

[0266] The WTRU may first allocate transmission power to
transmissions associated to a first MAC entity up to the concerned MAC
entity's PPR (e.g. up to its minimum guaranteed power), possibly in
decreasing priority order if such is associated to different transmission and/or
transmission types and if power scaling is required for the first MAC entity
(1.e. the allocated transmit power required for all transmissions of the
concerned MAC entity exceeds the available PPR for the MAC entity);

[0267] The WTRU may then allocate remaining transmission power (if
any) to transmissions associated to a second MAC entity up to the concerned
MAC entity’s PPR (e.g. up to its minimum guaranteed power), possibly in
decreasing priority order if such is associated to different transmission and/or

transmission types and if power scaling is required for the concerned MAC
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entity (i.e. the allocated transmit power required for all transmissions of the
first MAC entity exceeds the available PPR for the MAC entity);
[0268] For the above, if any power remains after a first round of power
allocation to each applicable MAC entity, the WTRU may allocate remaining
power in decreasing priority order, either:
a. In decreasing priority of the concerned MAC entities; or
b. In decreasing priority associated to different transmission and/or
transmission types across all concerned MAC entities; or
c. Using a combination of both in the same order (i.e. first for
transmissions of the first MAC entity, then for transmissions of
the second MAC entity); and,
[0269] For the above, where the first MAC entity is assigned a higher
priority that a second MAC entity, the WT'RU may allocate remaining power
according to any other method described herein.
[0270] For the above, where transmissions associated to a MAC entity
may be assigned different relative priorities, the WTRU may allocate
remaining power according to any other method described herein.
[0271] In some cases, configuration of the minimum guaranteed power /
PPR may be used for adaptive prioritization. The above realization may work
with any levels configured with a PPR (or minimum guaranteed power) for
example, where the sum of the configured PPR is less than the maximum
available WTRU power. The flexibility of such realization may be further
illustrated using a number of configuration aspects and/or
combinations/settings of values as discussed herein.
[0272] In some cases, minimum guaranteed power may be “infinite” for
one CG — Absolute Priority. Possibly, a specific PPR value may be defined to
indicate absolute priority for the associated MAC instance, e.g. “infinity”. In
this case, the WTRU first allocates as much of the available transmit power to
transmissions of the concerned MAC entity and possibly in decreasing priority
order if such is applicable and if power scaling is required for this step.
[0273] In some cases, minimum guaranteed power for a CG may equal

zero (0) — CG only participates in the Flat Scaling part. Possibly, a specific
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PPR value may be defined to indicate that transmissions associated to a MAC
entity may only be allocated power that remains once the WTRU has
distributed non-zero guaranteed power to at least one applicable MAC entity.
[0274] In some cases, the sum of minimum guaranteed power for each
CG may equal zero (0). In particular, the WTRU may be configured with
minimum guaranteed power equal to zero for all applicable MAC entities. In
this case, the WTRU allocates any available power as “remaining power.”
[0275] In such cases, if the WTRU allocates remaining power in (as
discussed above) decreasing priority of the MAC entities, this may become
equivalent to a configuration where a MAC entity may have absolute priority;
for example, this may be used in combination with other methods described
herein such as methods that dynamically assign priorities.

[0276] In such cases, if the WTRU allocates remaining power in (as
discussed above) decreasing priority of transmissions across all applicable
MAC entities, this may become similar to the WTRU performing flat scaling
using applicable priority rules applied between transmissions across all of the
WTRU’s transmissions.

[0277] In such cases, if the WTRU allocates remaining power using a
combination of prioritization methods for MAC entities and across
transmissions (as discussed above) this may become similar to the WTRU
assigning absolute priority to the MAC instance with the transmission that
has absolute highest priority based on applicable priority rules applied
between transmissions across all of the WTRU’s transmissions.

[0278] In some cases the sum of minimum guaranteed power for all CGs
may equal 100% of maximum WTRU available power. In such cases, the
WTRU may be configured such that the sum of the configured PPR values for
all applicable MAC entities exceeds the maximum amount of power available
to the WTRU. In this case, the WTRU may allocate power using prioritization
methods as described in other sections herein and the PPR may behave as a
maximum power for transmissions associated to a MAC entity when the
WTRU is power-limited.

[0279] An example of power allocation formulation is discussed further
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herein. Where power is allocated according to the above principles, the
maximum power S, that is available to transmissions associated to a given
MAC entity CG1 and priority level n may correspond to the power not
allocated to (1) transmissions of higher priority and (2) transmissions of lower
priority of the other MAC entity for which guaranteed power is available. This
may be represented as follows:

S, =Py — P, — P, —min(P

u,n q.n av,gua’®

Py Equation (1)

where Pcmax is the configured maximum power of the WTRU, Py is the power
allocated to transmissions of higher priority of the same MAC entity (CG1),
Pyn 1s the power allocated to transmissions of higher priority of the other MAC
entity CG2, P’¢n 1s the power required for transmissions of lower priority of
the other MAC entity CG2, and Paygua 1s the portion of the guaranteed power
of the other MAC entity that may still be available for transmissions of lower
priority of the other MAC entity CG2. This portion may be represented as:
P, ..=max©0,P,,  Ri,—P ) Equation (2)

av.gua o
where Rscaz is the guaranteed power of the other MAC entity expressed as a
ratio of Pcmax.

[0280] The WTRU may be configured such that the sum of the
configured PPR values for all applicable MAC entities corresponds to the
maximum amount of power available to the WTRU. In this case, the WTRU
may allocate power to each CG up to their minimum guaranteed; if there is
remaining power following this step, the WTRU may allocate it to
transmissions of a MAC entity that requires more than the minimum
guaranteed such that some form of semi-static split with sharing may be
realized for power allocation. More specifically, where the WTRU 1is power-
limited for transmissions of both MAC entities then this may be equivalent to
a semi-static split; where the WTRU is power-limited for transmissions in only
one MAC entity then some sharing of any unused power may be performed
between MAC entities and if insufficient, the WTRU may perform a
prioritization function (e.g. power scaling) across transmissions associated to

the concerned MAC entity only.
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[0281] The WTRU may be configured with a maximum power per
serving cell Pcymax (i) in subframe i for the purpose of determining the power
of transmission(s) for serving cell ¢, before scaling. In some approaches, the
WTRU may also be configured with a maximum power per MAC instance,
Pcvaxm,m(i), which may be used in the determination of the final transmission
powers (after scaling). In some solutions, the WTRU may also be configured to
use a guaranteed available power per MAC instance Psn(i). The above
parameters may also be used for the calculation of power headrooms or of
additional types of power headroom.

[0282] In some approaches, one or more of the above power limits, or
guaranteed available power, for a first MAC instance, or cells of a first MAC
instance, may be reduced in a subframe when the WTRU determines that all
bearers associated to this first MAC instance meet or exceed a set of at least
one QoS criteria, while at least one bearer associated to a second MAC
instance do not meet at least one QoS criterion. Such adjustment may prevent,
for instance, a scenario where starvation of bearers of a lower-priority MAC
instance occurs while bearers exceed their QoS in a higher-priority MAC
instance.

[0283] The amount of reduction may be configured by higher layers. For
instance, higher layers may configure an adjustment of 1 dB or 3 dB to apply
to either or all of the Pcmax (i) of each serving cell ¢ and Pomaxm,m(i) or Pgm(i) of
the MAC instance to which the reduction applies.

[0284] In an example approach, the determination of whether a
reduction should apply or not may be performed periodically (e.g. once per
RTT, one per integer multiple of a radio frame), possibly as frequently as on a
subframe basis. The reduction may remain in force until the next
determination. In another approach extending the previous one, the reduction
may apply only in a subframe during which the WTRU performs at least one
transmission for each concerned MAC entity and/or power scaling is required.
In another approach, such determination may be applicable and/or performed

only for a period (or for a subframe) for which the WTRU is performing at
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least one uplink transmission and possibly, only if there is at least one such
transmission for each concerned MAC entity.

[0285] In one approach, the reduction may be applied to a first MAC
mstance if all of the bearers of this MAC instance are “satisfied”, while at
least one bearer of a second MAC instance is “not satisfied”.

[0286] A number of criteria may be used for determining if a bearer is
satisfied or not, including at least one of:

[0287] For a logical channel with finite prioritized bit rate, the bearer
may be satisfied if the bucket size of the corresponding logical channel does
not exceed a threshold, in a reference subframe. The threshold may be, for
instance, the product of the prioritized bit rate and of the bucket size duration.
[0288] For a logical channel with infinite prioritized bit rate, the bearer
may be satisfied if there is no data available for transmission, in a reference
subframe. Possibly, this may also be applicable for a logical channel with
finite prioritized bit rate.

[0289] The reference subframe may be the subframe for which a power
limit reduction would apply, or possibly a previous subframe (e.g. 1 subframe
earlier).

[0290] In another approach, the reduction may be applied to a first MAC
instance if the logical channel prioritization procedure for this MAC instance
reaches the “satisfaction point” in a reference subframe, while the logical
channel prioritization procedure does not reach the “satisfaction point” in a
second MAC instance in the reference subframe. The logical channel
prioritization procedure is said to reach the “satisfaction point” if it reaches
the point where all variables Bj are non-positive (i.e. equal or less than zero)
in the reference subframe. Possibly, the satisfaction pint is also reached if
resources are still remaining in at least one transport block in the reference
subframe.

[0291] In another approach, the reduction may be applied to a first MAC
entity as a function of the state of the HARQ processes. For example, a WTRU
may be configured with a HARQ operating point value. If the WTRU
determines that it operates below such HARQ operating point for a MAC
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entity, it may apply the power limit reduction for the concerned MAC entity.
The WTRU may determine its HARQ operating state using e.g. a moving
average of the number of transmissions for each processes associated to the
concerned MAC entity. In one approach, the WTRU may consider all such
HARQ processes. In another approach, the WTRU may consider only ongoing
HARQ processes e.g. HARQ processes for which the last received feedback is
NACK.
[0292] In another approach, the reduction may be applied to a first MAC
entity as a function of the rate of new HARQ processes e.g. at the rate at
which it determines that NDI has been toggled for a given HARQ process. For
example, a WTRU may be configured with a new transmission rate (NTR)
value. If the WTRU determines that it operates above such NTR value for a
MAC entity, it may apply the power limit reduction for the concerned MAC
entity (e.g. to implicitly force fairness to a too greedy scheduler). The WTRU
may determine its NTR value using e.g. a moving average of the number of
HARQ processes for which it has considered the NDI bits to have been toggled
for processes associated to the concerned MAC entity. The corresponding
period may be set to RTT (i.e. 8ms for LTE) * the maximum number of HARQ
transmissions.
[0293] One approach for realizing a prioritization function is by
performing scaling of transmission power. The following discussion describes
approaches for determining the transmission powers of different types of
transmissions for a WTRU operating in dual connectivity, taking into account
for instance the following aspects:

The possibility of simultaneous transmission of PUCCH or UCI in

multiple serving cells (for multiple MAC instances);

The possibility of a multiplicity of priority levels between transmissions,

as well as sub-priority levels;

The possibility of multiple limits for the total power over subsets of

transmissions; and

The possibility of non-alignment between subframe boundaries of

different subset of transmissions, or different MAC instances.
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[0294] In a subframe 1, a WTRU may be configured with a maximum
power per serving cell Pcmaxc(i), and a total configured maximum output
power Pcmax(i).

[0295] In addition, the WTRU may be configured with a maximum
output power per MAC entity (or per layer or per eNB), Pcvmaxvm(i). In this
case, the sum of the powers of all transmissions pertaining to this MAC entity
cannot exceed Pcymaxm,m(i) in subframe 1. In a dual connectivity system, m can
take the values 0 or 1. Without loss of generality, m = 0 may refer to a
Primary MAC instance and m = 1 may refer to a Secondary MAC instance. In
some solutions, the maximum output power per MAC entity may correspond
to a Prioritized Power Rate (PPR) for this MAC entity.

[0296] The WTRU may perform one or more transmissions in a
subframe for one or more physical channels (e.g. PUCCH, PUSCH, PRACH) or
signal (SRS) pertaining to one or more MAC instances. For each type of
transmission t, the WTRU may first calculate a transmission power in
subframe 1, Pi(i), that does not take into account any power limitation over
multiple transmissions such as Pcmax(l) or Pomaxvm(i). Such transmission
power value is referred to as the “pre-scaled” power in the following. The
calculation of the pre-scaled power P:(i) for a transmission t may be performed
based on a path loss reference, closed-loop adjustments, grants or other
parameters associated to the MAC instance controlling t, according to existing
rules specific to the type of transmission (PUCCH, PUSCH, SRS, PRACH).
[0297] In some solutions, some or all pre-scaled powers Pt(i) may have
been obtained as the output of a previous scaling procedure. For instance, for
at least one MAC instance m, the subset of transmissions Pt(i) pertaining to
MAC instance m may itself have been calculated from an earlier step of
scaling within this subset of transmissions and using Pcvaxmm(i), or some
other value as maximum power. More generally, the pre-scaled power P(i) in
the scaling procedure set forth in the following may correspond to an amount
of desired power, (or, in certain solutions, an amount of desired portion of
power), for a transmission t, where a limitation exists for the total desired

power or total desired portion of power over transmissions.
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[0298] For various approaches described herein, it should be understood
that even though the transmission powers calculations are shown on a
subframe basis, the WTRU may determine different transmission powers
between two slots of the same subframe or between the last SC-FDMA symbol
and other SC-FDMA symbols, based for instance on possible variations of the
maximum power per serving cell Pcmaxc(i) within a subframe, or based on a
different power requirement in the last symbol due to transmission of SRS. In
other words, the calculations shown below may be applied by portions of
subframes, e.g. on a per-slot basis, or separately between the last SC-FDMA
symbol containing SRS and the earlier SC-FDMA symbols.

[0299] Scaling with single maximum total level and multiple priority
levels (single scaling): Where the WTRU operates in dual connectivity, a
transmission t may be associated to a priority level g for at least the purpose
of scaling. There may be one, two or more priority levels Q. There may be zero,
one or more transmissions t associated to a certain priority level q. The
priority level (or order) may be obtained using any of the approaches described
in earlier sections, such as dynamic methods or semi-static methods.

[0300] The sum of pre-scaled transmission powers for a set of
transmissions T may exceed a maximum total Pmax(i) applicable to this set of
transmissions in subframe 1. For instance, the set of transmissions T may
correspond to all transmissions in subframe (i), or all transmissions for a
subset of physical channels (e.g. PUCCH and PUSCH transmissions only) in
which case the maximum total Pmax(1) may correspond to Pcmax(i). In another
example, the set of transmissions T may correspond to all transmissions
pertaining to a specific MAC instance, in which case the maximum total
Pumax(l)) may correspond to Pcmaxmm(l). When this occurs, the final
transmission power P’t(i) of at least one transmission t may be scaled down by
a factor w¢(1) ranging from O to 1, such that P’i(1) = w¢(i) P¢(i) in linear units. In
the description of solutions involving scaling, the WTRU may be said to be
performing a scaling procedure over a set of pre-scaled powers using a
maximum total power level, and the outcome (or output) of this procedure is a

set of final transmission powers. In the following paragraphs describing how a
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scaling procedure may be performed, the set of pre-scaled powers is denoted as
P:(i) and the set of final transmission powers is denoted as P’y(i), but other
notations may be used in the description of solutions involving multiple
applications of a scaling procedure.
[0301] In an example approach, scaling may be applied such that the
scaling factor is as high as possible for higher priority transmissions. When
the scaling factor is less than 1 for a transmission of priority q, any
transmission of lower priority (e.g. any transmission with q > q, where a
larger value of q means lower priority) is scaled down to zero, i.e. no
transmission takes place for the lower priority transmissions. In addition, no
scaling is allowed to take place for any transmission of higher priority, i.e. the
scaling factor is 1 for any transmission with q’ < q.
[0302] With this approach, the procedure to determine the scaling
factors for each transmission may be as follows. Start with the set of
transmissions To associated to the highest priority level q = 0 and determine if
the sum of pre-scaled transmission powers exceeds the maximum, i.e.:

Dter, Pe(0) > Paax (D) Equation (3)
[0303] In case the sum exceeds the maximum, the scaling factors may be

set according to the following:

wi(i)=0 VteT, q>0 Equation (4)
ZtETo we ()P (1) = Prpax (@) Equation (5)
[0304] In case the sum does not exceed the maximum, the scaling

factors for the highest priority transmissions To may be set to 1 (i.e., no
scaling is applied) and scaling may be applied to transmissions of lower
priority. This can be determined in the following way for transmissions of
priority level(s) q > 0:

[0305] Determine if scaling is to be applied to transmissions of priority g
by summing the powers of all transmissions of equal or higher priority and

comparing to the maximum:

ZtETqr, q'<q Pr(@) > Pyax(i) Equation (6)
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[0306] In case the condition is satisfied, apply scaling to transmissions
of priority q (and all lower priority transmissions) by setting scaling factors in

the following way (and the procedure ends):

w(i)=0 VteT,, q>q Equation (7)
ZtETq we(DPe(1) = Pyax?(®) Equation (8)
[0307] Where Py,x?(i) 1s defined as the available total power of

transmissions of priority q:

Prax(0) = Pyax(@) — ZtETqr, q'<q Pe( Equation (9)
[0308] In case the condition is not satisfied, set w.(i) =1for all
transmissions t of priority q, and go back to step (a) for transmissions of
priority q+1. If no such transmission exists then no scaling needs to be
applied.
[0309] In the above, where scaling is to be applied on more than one
transmission of the same priority multiple approaches are possible for the
setting of scaling of individual transmissions, as described in the following.
[0310] In one approach, the same scaling value is applied to all

transmissions of the same priority. This means that:

we () =wy(i) VtET, Equation (10)
[0311] This implies that the value of w(i) is set according to:
N = w (i) = Pmax?@ :
we (D) = wy (i) = Teerg PeD)” vVt € Tq Equation (11)
[0312] FIG. 14 is a flowchart 1400 illustrating an example of power

scaling. In step 1410, the WTRU may first calculate a pre-scaled power for
each uplink transmission scheduled in the time interval (Pt(1)). In step 1420,
a priority level q under consideration is set to zero, which in this example
represents the greatest priority level. It is noted that the numbering of the
priority levels is illustrative, and any other suitable representation of priority
levels may be used.

[0313] In step 1430, the WTRU may determine whether the sum of
prescaled power for all uplink transmissions of priority q scheduled in the
time interval is greater than the maximum amount of power available for all
uplink transmissions at that priority level. For instance, at q = 0, the greatest

priority level, the maximum amount of power available is the total maximum
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amount of power available for all uplink transmissions, while at a lesser
priority level (i.e. q > 0) the maximum amount of power available is the total
maximum amount of power available for all uplink transmissions less the
amount of power already allocated to transmissions having greater priority.
[0314] If the WTRU determines in step 1430 that the sum of prescaled
power for all uplink transmissions of priority q scheduled in the time interval
is greater than the maximum amount of power available at that priority level,
the power for each transmission at priority q is scaled in step 1440. Here,
each transmission at priority q may be scaled (e.g. using a weighting factor
wt(1)) such that the total scaled power required for all transmissions at
priority q is equal to the maximum amount of power available for all uplink
transmissions at priority q. In step 1450, zero power is allocated to
transmissions (e.g. by setting the corresponding weighting factor to zero) at
priority levels q’ > q (i.e. lower in importance than q), and the procedure ends.
[0315] If on the other hand the WTRU determines in step 1430 that the
sum of prescaled power for all uplink transmissions of priority q which are
scheduled in the time interval is less than the maximum amount of power
available for uplink transmissions at that priority level, the full pre-scaled
power may be allocated to each uplink transmission at priority q in step 1460.
For example, a weighting factor of 1 may be applied to the pre-scaled power of
each transmission at priority q.

[0316] In step 1470 the WTRU may determine whether any uplink
transmissions of priority level q° > q are scheduled for the time interval (i.e.
whether any transmissions are scheduled for uplink during the time interval
having lesser priority than q). If not, the procedure ends. If so, the value of q
may be incremented in step 1480 and the procedure returns to step 1430 in
order to consider the next priority level.

[0317] It is noted that in some implementations, the uplink
transmissions may be considered as corresponding to different MAC entities,
or transmitted to different eNBs rather than as performed using the uplink

resources of different CGs.
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[0318] In another approach, the scaling values within transmissions
associated to a priority level q may be determined according to a sub-priority
level Sq. In this case, the scaling values of transmissions of priority q may be
set to different values depending on their sub-priority levels. The procedure
for determining the set of scaling values for transmissions of priority q may be
similar to the above procedure, but with the maximum total power set to
Puax?() instead of Py ,ux(i) and the sub-priority levels S, used in place of
priority levels q.

[0319] In some approaches, some types of transmissions may be either
transmitted at their pre-scaled power or not transmitted at all, i.e. dropped.
This may be the case, for instance, for transmissions such as SRS or
transmissions including HARQ A/N for which a transmission at a scaled
power could potentially result in worse performance than dropping the
transmission, or for transmissions for which the required scaling weight w(i)
is so low that successful reception is determined to be very unlikely. Such
transmissions may be referred to as “non-scalable” transmissions. The scaling
procedure in such solutions may be generally the same as previously
described, with the following modification. Where it is determined that scaling
(with w¢() less than 1) would need to be applied to a non-scalable
transmission, the scaling procedure may be stopped and a new scaling
procedure may be initiated with a set of transmissions not including this non-
scalable transmission. This may be done multiple times until there are no
remaining non-scalable transmissions on which scaling would need to be
applied. Alternatively, instead of stopping the scaling procedure, the scaling
factor of the non-scalable transmission may be set to 0 and the remaining
available power of other transmissions of equal or lower priority may be re-
calculated for the purpose of determining scaling factors of these other
transmissions.

[0320] In some solutions, the scaling weights may be determined to be
such that the sum of scaled transmission powers over transmission of a given

priority level is less than the maximum available, i.e.:
Yter, we(DP: () < Pyax™ (D) Equation (12)
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[0321] Setting weights satisfying the above condition may be referred to
as “power under-allocation” at priority level q in the following. Power under-
allocation at a priority level q may be performed, for instance, when there is at
least one transmission to that is “non-scalable” as described in the above, at
least if the scaling weights would be set to identical non-zero values for all

transmissions of this priority level, i.e. to:

Puax?(® :
Tecrq PeD Equation (13)

Such transmission to may be dropped (i.e. scaling weight set to 0) and the
scaling weights for remaining transmissions may be set to:

Ppax (i)

YteTqteto Pe(D)’

we (i) = wy (i) = min( 1), vVt €Ty, t # ty Equation (14)

[0322] When w(i) =1 for all transmissions other than to, the power
reallocated from to to other transmissions may be sufficient to prevent scaling

for these transmissions, such that power under-allocation may occur.

[0323] In some solutions, power under-allocation at a priority level q

may be performed such that the unused power:
Puax () — Zeer, we (P () Equation (15)

1s minimized. Alternatively, power under-allocation may be performed such
that the number of transmissions for which the scaling weight is zero
(dropped) is minimized. Alternatively, power under-allocation may be
performed such that for a transmission scaled down to zero, not scaling down

this transmission to zero would not result in power under-allocation.

[0324] In some solutions, power under-allocation at a priority level q
may be performed only in case there is no transmission of lower priority. In
some of such solutions, when at least one transmission is of lower priority in

subframe 1, all transmissions of priority level g may be considered scalable.

[0325] In some solutions, power under-allocation at a priority level q
may be allowed even if there is at least one transmission of lower priority.
However in some such solutions, when power under-allocation occurs for a
priority level q, no power may be allocated or re-allocated to any transmission
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of lower priority, even if power would be available for these transmissions due
to under-allocation at priority level q. For example, if priority level q
corresponds to PUSCH transmissions without UCI for MCG, and scaling
would need to be applied to transmissions of priority level q, no power would
be allocated to transmissions of lower priority such as PUSCH transmissions
without UCI for SCG (possibly aside from any power reserved or guaranteed
to SCG transmissions that may still be available). Expressed differently, in
some such solutions no remaining power would be allocated to PUSCH
transmissions without UCI for SCG.

[0326] In some solutions, where power under-allocation occurs for a

priority level q, the unused power:
Puax () — Zeer, we ()P (D) Equation (16)

may be re-allocated to transmissions of a lower priority (q° > q). Such re-
allocation may be unconditional. Alternatively, whether re-allocation is

performed or not may depend on at least one of the following conditions:

a) The MAC instance or cell group to which the transmissions of lower
priority (q’) and/or higher priority (q) are associated. For instance,
reallocation may be performed if transmissions of lower priority are
associated to a cell group different than the one for transmissions of
higher priority. Alternatively, re-allocation may be performed if
transmissions of lower priority are associated to the same cell group. In
another example, reallocation may be permitted if transmissions of

lower priority are associated to the MCG.

b) At least one criterion determining the priority level of q or ¢, or the
relative priority of priority levels q and q’. For instance, re-allocation
may occur only if transmissions associated to q and q’ are of the same
UCI type, and/or differ only with respect to the cell group (MCG versus
SCG). For instance, reallocation may be performed from a transmission
of the MCG containing HARQ A/N to a transmission of the SCG
containing HARQ A/N.

¢) The type of transmission of lower priority (q') and/or higher priority (q).
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For instance, reallocation may be performed from a PRACH
transmission to another type of transmission. In another example, re-
allocation may not be performed from a PUCCH transmission (i.e. from
a priority level q, if the scaled down transmission is PUCCH) to another

transmission.

[0327] Scaling based on power sharing between MAC instances
(multiple scaling): In some approaches, transmissions taking place in a
subframe 1 may be subject to more than one limitation. For instance, the sum
of the powers of all transmissions associated to a MAC instance (or cell group)
m may be configured to be limited to a value Pcvaxmm(i), for each MAC
instance. At the same time, the sum of the powers of all transmissions (over
all MAC instances) may also be configured to be limited to a value Pcmax(i). In
some solutions, the configured maximum power Pcvaxmm(l) for MAC instance
m may be equal to Pcmax(i), possibly by default. The maximum power
Povaxmm(@) of one MAC instance m may be equivalent to the difference
between Pcmax(i) and a guaranteed power Pgn(i) configured for the other MAC
instance m’, for example, when the power requirement of the other MAC
instance is not known.

[0328] Determination of configured maximum powers in case of
limitation per MAC instance: In solutions where a configured maximum
power Pcmaxmm 1s defined for each MAC instance (or cell group), the
applicable lower and upper bounds of this quantity, and well as the lower and
upper bounds of the total configured maximum output power Pcmax and of the
configured maximum output power Pcmax. for a serving cell ¢, may be
dependent on an assigned maximum power Pengm determined for each MAC
instance (or cell group) m. The determination of the assigned maximum power
PenB,m may be performed according to solutions described herein. In addition,
the assigned maximum power PeNB,m may correspond to the maximum
power from the WTRU power class PPowerClass (and formulas may be
simplified accordingly) at least in the following cases: In a case where no
parameters are provided or defined to determine assigned maximum powers

PeNB,m; in a case where transmissions from at most one MAC instance or cell
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group are on-going in a given subframe (i.e. the WTRU transmits to a single
eNB), i.e. no overlap exists between transmissions of different cell groups; or
in a case where the WTRU is configured to transmit over a single cell group
(or configured with a single MAC instance), e.g. following a reconfiguration
procedure (RRC signaling) or following MAC signaling.

[0329] In the following the notation Penm refers to the assigned
maximum power in logarithmic units (e.g. dBm) while penm refers to the
assigned maximum power in linear units.

[0330] Configured maximum power per MAC instance (cell group)
Pcvaxvm:  In some solutions, the configured maximum power Pcvaxm,m
applicable to a MAC instance (or cell group) may be bounded by a lower bound
Pcvaxv L.m and an upper bound Pcyaxy g5m, such that:

Pevaxm Lom < Pemaxv,m < Pemaxv vm - Equation (17)

[0331] The upper bound Pcmaxm H,m may be set as the minimum value
between a maximum WTRU power Ppowerclass, the sum of linear powers prMax c
over all serving cells ¢ belonging to MAC instance (or cell group) m, and the
assigned maximum power PeNBm, Where each term is converted to logarithmic
(dB) units. The power prmax,. corresponds to the linear value of Prmax.c which
is provided by higher layers for serving cell c.

Pomaxv_g1,m = MIN{10 logio Y, pEMAX.c , PPowerClass, PeNBm}  Equation (18)

[0332] In the above, the sum may be over serving cells ¢ belonging to cell

group m only.

[0333] The lower bound may be set according to the following:
Pomaxm 1,m = MIN{ 10 logio (penBm) — ATc, 10 logio . pemaxe — ATc,
Prowerclass — MAX(MPR + A-MPR + AT + ATc, P-MPR) }

Equation (19)

[0334] In the above, the sum may be over serving cells ¢ belonging to cell

group m only. The parameters AT, and ATc may correspond to tolerance

values that depend on the specific combination of frequency bands configured,

P-MPR may correspond to a power management term, MPR and A-MPR may

correspond to allowed maximum power reduction and additional maximum

power reduction, respectively, where the allowances may be due to higher
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order modulation and contiguously aggregated transmit bandwidth
configuration, as well as possible additional RF requirements.
[0335] The configured maximum power per MAC instance (or cell group)
for a given MAC instance m may be reported to the network using MAC or
higher layer signaling, for instance as part of a power headroom report. The
value for both MAC instances may be included in any power headroom report
transmitted to any eNB (or from any MAC instance). Alternatively, the value
for a given MAC instance may be included in any report that contains power
headroom information for at least one serving cell belonging to this MAC
instance.
[0336] Configured maximum power per cell Pcyaxe: In some solutions,
the configured maximum power Pcmax.c applicable to a serving cell may be
bounded by a lower bound Pcmax 1. and an upper bound Pcuvax H,e, such that:
Pemax Le < Pomaxe < Pemax He Equation (20)
[0337] The upper bound Pcmax v may be set as the minimum value
between a maximum WTRU power Ppowerclass, the assigned maximum power
Penm for the MAC instance (or cell group) m to which serving cell ¢ belongs,

and a parameter Pgmax,c which is provided by higher layers for serving cell c.

Pemax g, = MIN { PenBm , PEMAX,c, PPowerClass} Equation (21)

[0338] The lower bound Pcmax 1,c may be set according to the following:
Povax e = MIN {MIN(Pemax,e PenBm ) — ATce, ProwerClass —
MAXMPR .+ A-MPR . + ATig. + ATcc, P-MPR )} Equation (22)
[0339] In the above, the parameters ATis. and ATc,. may correspond to

tolerance values that depend on the specific combination of frequency bands
configured and the specific frequency band of the cell group to which serving
cell ¢ belongs, P-MPR. may correspond to a power management term for
serving cell ¢, MPR: and A-MPR. may correspond to allowed maximum power
reduction and additional maximum power reduction, respectively, for serving
cell ¢, where the allowances may be due to higher order modulation and
transmit bandwidth configuration, as well as possible additional RF

requirements.
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[0340] Total configured maximum output power Pcmax: In some
solutions, the total configured maximum output power may be bounded by a
lower bound Pcyax 1. and an upper bound Pcouvax H, such that:
Pemax L < Pomax < Pemax n Equation (23)
[0341] The upper bound Pcmax 1 may be set as the minimum value
between a maximum WTRU power Ppowerclass, the sum of powers prmax.c over
all serving cells ¢ (of all cell groups), and the sum of linear values of the
assigned maximum power peNBm over all cell groups m, where each term is
converted to logarithmic (dB) units. The power prmax. corresponds to the
linear value of Pemax,c which is provided by higher layers for serving cell c.
Pomax_n = MIN{10 logio Y. pEmMAX.c , PPowerClass, 10 10810 Y PeNB.m }
Equation (24)
[0342] The lower bound Pcmax 1. may be set according to the following:
Pomax 1. = MIN {10logi0), MIN [ pemax./ (Atc.c), PPowerClass/(mpre a-
mprec Atce AtiBc) , PPowerClass /(pmpre Atce)], MIN (Ppowerclass, 10 logio Y,
PeNB,m)} Equation (25)
[0343] In the above, the first sum is over all serving cells ¢ (of all cell
groups), and the second sum is over all cell groups m. The parameters Atig,
and Atc. may correspond to the linear values of tolerances that depend on the
specific combination of frequency bands configured and the specific frequency
band of the cell group to which serving cell ¢ belongs, pmpr. may correspond to
the linear value of a power management term for serving cell ¢, mpr. and a-
mpr. may correspond to the linear values of an allowed maximum power
reduction and an additional maximum power reduction, respectively, for
serving cell ¢, where the allowances may be due to higher order modulation
and transmit bandwidth configuration, as well as possible additional RF
requirements.
[0344] Alternatively, the lower and upper bounds Pcmax 1. and Pcmax u
may be derived using the following formulas:
Pemax 1. = MIN{ ProwerClass , 2, PcMaxy_Lm |
Equation (26)
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Pevax n = MIN{ Prowerclass , 2. PeMaxy_#m §

Equation (27)
[0345] Power sharing — general case: In some approaches, the WTRU
first determines an adjusted maximum total power, (or assigned total power),
Pcvaxmm() for each MAC instance. The adjusted maximum total power
P’cmaxm,m(i) may correspond to a value lower than the non-adjusted maximum
Povaxm,m(i) if scaling needs to be performed because of the maximum over all
transmissions Pcmax(i). Once the adjusted maximum total power P’cmaxv,m(i)
is determined for each MAC instance, the WTRU may determine the
transmission power of all transmissions associated to a MAC instance m by
applying the scaling procedure over these transmissions for a single maximum
total power level of P’cmaxmm(i). In case an adjusted maximum power per
MAC instance is not defined, the scaling procedure may be applied directly
using the non-adjusted maximum Pcmaxm,m(1)
[0346] The determination of the adjusted maximum total power for each
MAC instance may be performed using the following procedure. In a first step,

the following sum of powers is calculated for each MAC instance:

PEPH(i) = min (ZtEMm P(@), Pemaxmm (D)) Equation (28)
[0347] Where My, refers to the set of transmissions associated to the

MAC instance m. In some approaches, there may not be a hard limit on the
sum of transmissions of a MAC instance Pcvmaxmm(i). In this case, the above

formula would simplify to:

Pt () = Yeem,, P (D) Equation (29)
[0348] The sum over MAC instances Ptot(i) is then calculated as:

Ptot(i) = ¥ Pot(i) Equation (30)
[0349] In case the sum over MAC instances Ptt(i) is smaller than or

equal to Pcmax(i), the adjusted maximum total power for each MAC instance,
P’cvaxmm(i), 1s set to Ptotn(1). Otherwise, the set of adjusted maximum total
powers P’cmaxym(l) may be determined based on the set of Ptoty,(1) using one of
different possible approaches.

[0350] Power sharing between MAC instances based on equal scaling:

In one approach, the adjusted maximum total powers are determined by
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applying the same scaling factor wMAC(1) to each MAC instance, such that the

maximum Pcmax(1) is not exceeded:

MAC (\ — Pemax(® .

wh D = e, Equation (31)

P’ cpaxmm (D) = wMAC (@) PP (D) Equation (32)

[0351] Power sharing between MAC instances based on absolute

priority: In another approach, the adjusted maximum total powers of each
MAC instance are determined based on a priority level (or order) r associated
to each MAC instance, such that any necessary adjustment is preferably
applied to the lower priority MAC instance(s). In the case of 2 MAC instances,
without loss of generality MAC instance m = 0 may have higher priority than
MAC instance m = 1. In this case the adjusted maximum total power of each
MAC instance may be determined such that the total power assigned to the
higher priority MAC instance is the sum of powers Ptoty(i), but not exceeding
Pemax(1), while any remaining power may be assigned to the lower priority

MAC instance, as follows:

P’ craxm,o() = min(Pepax (1), PSOt(i)) Equation (33)
P’ cmaxm1 (@) = Pepax@) - P’ cmaxm,o(@) Equation (34)
[0352] Power sharing between MAC instances based on unequal scaling

factors: In another approach, the scaling factors that are applied to each MAC
instance wMAC, (1) to ensure that the total configured power Pcmax(i) is not
exceeded, may be unequal according to a configured ratio. The ratio may be
pre-determined or provided by higher layers. For instance, the value of the
scaling factor applied to a primary MAC instance may be K times the value of

the scaling factor applied to a secondary MAC instance:

wo € (@) = K wi (i) Equation (35)
P epaxmm (@) = w20 PR (D) Equation (36)
Thus,
MAC (7) — _ K Pemax(@® .
Wo (l) - KPSOt(i)+let(i) Equat].on (37)
wAC (i) = —LemaxQ) Equation (38)

K PEOL(D)+PEOE(D)
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[0353] Power sharing between MAC instances based on guaranteed
available power: The scaling factors wMAC,(i) may also be set to ensure that
the adjusted maximum power per MAC instance m cannot be scaled down to a
value less than a guaranteed available power Pgn(i). Expressed differently, in
case the total maximum power over transmissions of all MAC instances would
exceed Pemax(1), scaling may be applied to the adjusted maximum power of one
or more MAC instances, such that the total transmission power per MAC
instance on which scaling is applied is not less than a guaranteed available
power Pgn,(1).

[0354] In such a case, the scaling factor can be calculated as follows:

w1 (D) = max [ng(i), Poun @ = ). Pﬁi’f(i)i if Pt () > P (©)

1
REE(D) L
Equation (39)
where the above scaling may only be applied if the total power over MAC
instances Ptot(i) exceeds Pemax(i). In the case of two MAC instances, the above
expression simplifies to:

w e (@) = max|Py (D), Pemax(@ — P if P§O(D) > B (D)

P“"()
Equation (40)

Wi (WD) = ormmax[RY (), Powax@ = PP @] i PH() > BY(D)
Equation (41)
[0355] The above means that the adjusted maximum power per MAC

instance would be set according to:

P’ cpaxmo(@) = wi (@) P{°F(0) = max[Pog(i), Pepax (@) — let(i)] if P§O (i)
> P (i)
Equation (42)

P’ CMAXM, 1(D) = wy MAC(D) PfOt(l) = max[Pg(L) Peyax () — P(iOt(l)] if PitOt(i)
> PI (i)

Equation (43)
[0356] In the case of two MAC instances (e.g. corresponding to MeNB
and SeNB), the guaranteed available power of one MAC instance (say MeNB)
may be derived from the guaranteed available power of the other MAC

instance (say MeNB). For instance, the guaranteed available power for SeNB
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may be determined as the difference between Pcmax(i).and the guaranteed
available power for MeNB (in linear units), such that the sum of guaranteed
available powers corresponds to the total configured maximum output power
Pcemax(d).

[0357] In some approaches, the guaranteed available power for a certain
MAC instance may be defined to be zero. For example, the guaranteed
available power for a MAC instance corresponding to SeNB may be
determined to be zero.

[0358] In some approaches, the WTRU may ensure that at least the
guaranteed available power is available to a first MAC instance at any given
time and may allocate remaining power, if any, as a function of its capability
to consider transmissions of a second MAC instance that occurs later in time
for the unsynchronized mode of operation. For example, in case the WTRU is
capable of considering power allocated to overlapping transmissions of a
second MAC instance that would start later in time, the WTRU may allocate
additional power to a first MAC instance up to the difference between the
maximum transmit power available to the WTRU and the power required by
the second MAC instance. For example, in case the WTRU 1is not capable of
considering power allocated to transmissions of a second MAC instance that
would start later in time, the WTRU may allocate power to a first MAC
instance up to the difference between the maximum transmit power available
to the WTRU and the guaranteed available power of the second MAC instance.
Alternatively, in case the WTRU is not capable of considering power allocated
to transmissions of a second MAC instance that would start later in time, the
WTRU may allocate power to a first MAC instance up to the difference
between the maximum transmit power available to the WIRU and the power
allocated for transmissions of the second MAC instance at the time the WTRU
starts transmission for the first MAC instance.

[0359] FIG. 15 illustrates an example procedure 1560 which may be
implemented, for example, for allocation of remaining power as shown and
described with respect to step 1260 of FIG. 12. In the example shown in FIG.

15, remaining power is allocated on a first-in-time basis to CG1 or CG2 for the
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asynchronous case.

[0360] Within step 1560, the WTRU may first determine in step 1510
whether uplink transmissions scheduled to be transmitted from the WTRU
using the uplink resources of CG1 and to CG2 are asynchronous (as shown
and described with respect to FIG. 4 for example). If so, the WTRU may
determine in step 1520 whether the first uplink transmission using the uplink
resources of CG1 which is scheduled in the time interval begins earlier in time
than the first uplink transmission using the resources of CG2 which is
scheduled in the time interval. If so, the remaining power is allocated for
uplink transmissions using the uplink resources of CG1 in step 1530. If not,
the remaining power is allocated for uplink transmissions using the uplink
resources of CG2 in step 1540. In some implementations, the allocation in
step 1530 and/or step 1540 may be performed using prioritization of the
scheduled uplink transmissions according to any of the methods described
herein.

[0361] In some approaches, the WTRU may be configured with a
different set of values for the power levels (either for maximum power, or
minimum guaranteed power) for each MAC entity. For example, the WTRU
may be configured with a first set, that may contain one value of each MAC
entity that corresponds to a minimum guaranteed power and for which the
sum of all values corresponds to a value that is less than the total amount of
available power for the WTRU, and with a second set for which the sum
corresponds to the total amount of available power for the WTRU. In this
case, the WTRU may use the first set of values if it is capable of considering
the transmissions of both MAC entities when it determines how to allocate
power to each transmission in a given subframe while it may use the second
set of values otherwise. For example, the network may determine suitable
values for both types of behavior such that a WTRU implementation may be
given the freedom to determine what power allocation method to use
depending on the observed timing between transmissions for both MAC
entities.

[0362] In some approaches, the WIRU may ensure that at least the
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guaranteed available power is available to a first MAC instance at any given
time and may allocate remaining power, if any, as a function of its capability
to perform only reactive power allocation or also proactive power allocation
when the WTRU also performs transmissions for a second MAC instance that
occur later in time for the unsynchronized mode of operation. For example, in
case the WTRU is only capable of reactive power allocation or if the first MAC
instance has higher priority, the WTRU may perform reactive power
allocation and limit the power available to a second MAC instance to the
maximum between the minimum guaranteed power for the second MAC
mstance and the difference between the maximum transmit power available
to the WTRU and the power required for the first MAC instance. For example,
in case the WTRU is only capable of reactive power allocation or if the second
MAC instance has higher priority, the WTRU may perform reactive power
allocation and limit the power available to the first MAC instance to the
minimum guaranteed power for the first MAC instance. For example, in case
the WTRU 1is capable of proactive power allocation and if the second MAC
instance has higher priority, the WTRU may perform proactive power
allocation and limit the power available to a first MAC instance to the
maximum between the minimum guaranteed power for the first MAC instance
and the difference between the maximum transmit power available to the
WTRU and the power required for the second MAC instance.

[0363] Approaches used for the determination of the guaranteed
available power are further described herein.

[0364] Unequal scaling for multiple priority levels: In another
approach, all transmissions may be scaled with different scaling values
depending on the priority level. To determine the appropriate scaling value, a
WTRU may be preconfigured with a scaling ratio to be applied to different
transmissions of different priority. The scaling ratio may be provided for each
priority level. For example, a transmission of priority g # 0 may have a
scaling ratio when compared to a transmission of priority g =0, namely
Ag=wq())/wo(i). A WTRU that is expected to have multiple transmissions in a

TTI may determine the total required power for all transmissions as
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Yteryvq Pe(D) = Xq aq(D)Pemax (D) Equation (44)
where ZtETq Pe(i) = ag(i)Pemax (i).
[0365] If the total required power does not exceed Pgyax(i), the WTRU
need not scale any transmissions. However, if the total required power
exceeds Pgyax(i), the WTRU may perform scaling on all transmissions by using
the appropriate scaling ratios. The WTRU may thus solve the following

equations to determine the set of scaling factors w,(i) = w,(i) Vt € Tg:

2qWq(Dag(D)Peymax (@) = Pemax (@) Equation (45)
Wq (i) = wo()Aq, ¥V q >0 Equation (46)
[0366] The values of A, may be updated based on the results of the most

recent scaling in manners described herein for updating priority of MACs.
Furthermore, a WTRU may be configured with minimum transmission power
such that a higher priority transmission may never be below a preconfigured
value. In such a case, solving for the above equations may result in high
priority transmissions being allocated insufficient power. The WTRU may
thus first solve for the equations, then if a first priority transmission is
allocated insufficient power, the WTRU may remove power allocated from a
(or multiple) lowest priority transmission(s) and assign it to the first priority
transmission until sufficient power is achieved. The same can be done for the
second priority transmission until all transmission power is exhausted and so
on so forth in order of decreasing priority. In such an approach it is possible
that one or multiple lower priority transmissions are no longer allocated any
transmission power and in such a case the UL transmission is considered
interrupted due to priority rules.

[0367] As an 1illustrative example, based on the above formulas, a first
priority transmission (q=0) may be allocated B W, a second priority
transmission (e.g. g=1) may be allocated p W and a third priority transmission
(e.g. ¢=2) may be allocated ¢ W. However, the first priority transmission may
have a minimum required transmission power of y W, where y >p. The
WTRU may thus reallocate y — 8 W from the lowest priority transmission and
the resulting power allocation may be given by g W for the first priority

transmission, p W for the second priority transmission and ¢ — (y — ) W for
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the third priority transmission. If ¢ — (y —B) <0 then to satisfy the power
requirements of the first priority transmission, some power allocated from the
second priority transmission may be reallocated to the first priority
transmission, such that the resulting power allocation may be given by g W
for the first priority transmission, p— (y — 8 — @) W for the second priority
transmission and 0 W for the third priority transmission. After satisfying the
power requirements for transmission(s) of a certain priority, the same can be
done for the transmissions of the next priority.

[0368] In a different approach to achieve unequal scaling, a WTRU may
be provided a set of scaling ratios (6;,8,,..) that may be used in a recursive
manner as explained below. First the WTRU determines the transmission
power for all intended transmissions of any priority q (ZtETq P(i) =
aq(D)Peyax(@)). If the sum of those powers is greater than Pgy,x(i), unequal
scaling may apply. The unequal power scaling algorithm is performed by
following these steps:

[0369] Determine the scaling of the highest priority (e.g. q=0)
transmission(s) when compared to all other priority transmissions. The

WTRU is configured with a first scaling ratio, §; to be used in the following

manner:
wo (D ao (D) Pemax (@) + 81wo (@) Xgso @q (D) Pemax (D) = Pemax (D) Equation (47)
[0370] The scaling used for the highest priority transmissions (wy(i))

may remain fixed for the remainder of this algorithm. To determine the
scaling factor of subsequent priority transmissions (e.g. q=1,2,3,...), first
remove the power allocated to the (k-1)th priority transmissions from the

remaining available power:

Pr(i) = P (D) = wy_q(Dag_1 (@) Peyax(@), k>0 Equation (48)
Where
Po(1) = Pemax (@) Equation (49)
[0371] Next, determine the power scaling of the kth priority

transmissions in a similar manner to the first step:

Wi (D (D) Pepax (@) + 8w (D) Xgsk aq (D) Pemax () = P (i) Equation (50)
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[0372] Repeat steps (b) and (c) until all transmissions have been
allocated power.

[0373] Power scaling with combination of guaranteed available power
and priority criteria: The following paragraphs describe how power scaling
could be performed using a combination of concepts described herein, such as
guaranteed available power for a cell group and the use of priority levels. Such
procedure may be referred to as an “overall scaling procedure” and may
involve multiple applications of scaling procedures as will be described.

[0374] The following description assumes, without loss of generality,
that two (2) cell groups (CGs) are defined. The starting point (input) of the
overall scaling procedure is a set of desired power levels for a transmission t
denoted as Pdi(i), and the output of the overall scaling procedure is a set of
scaled power levels for transmission t denoted as Ps¢(i). The overall scaling
weight wi(1) may then be defined as the ratio between the scaled power level
and the desired power level, i.e. w¢(i) may be set as Psi(i) / Pd(3).

[0375] The calculation of the desired power level Pdi(i) may be obtained
from known power control solutions involving an open-loop component, closed-
loop adjustments, parameters obtained from physical layer or higher layer
signaling. The desired power level may be assumed to have been subject to a
limitation on a per-cell basis such as Pcmaxc(i). Additionally, in some
solutions, in case the sum of desired powers of transmissions for a cell group
m exceeds a configured maximum power per cell group Pcvaxymm(), the WTRU
may perform the scaling procedure over the desired powers Pdi(i) of
transmissions for this cell group using a maximum total power level
corresponding to Pcmaxmm(). To simplify the subsequent description the
output of such scaling procedure, if applied, is still referred to as “desired
power” Pd(3).

[0376] The WTRU may be configured with a guaranteed available power
for one or both cell groups m, Pgx(1). In case no guaranteed available power is
configured for a cell group, the WTRU may assume that the guaranteed
available power for this cell group is zero.

[0377] The WTRU may first calculate the sum of powers for each cell
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group m, Pntot(1), and the sum of powers over MAC instances Ptot(1) according
to formulas already described but where P:(i) may correspond to the desired
power Pd(i). In case the sum over MAC instances Ptt(i) is smaller than or
equal to Pcmax(i), no further action may be required to scale down the powers,
such that Ps;(1) = P4(i) for all transmissions.

[0378] Otherwise, if Ptot(i) is larger than Pcmax(i), the WTRU may
determine, for each of the cell groups, whether the sum of desired powers
Pumtet(i) is less than or equal to the corresponding guaranteed available power
Pgn(i). In case this condition would be satisfied for a first cell group (m = 0),
the WTRU may not perform any scaling of the powers of transmissions of this
first cell group, i.e. Psi(i) = Pd(i) for transmissions belonging to this first cell
group. The WTRU may then perform the scaling procedure over the desired
powers Pd(i) of transmissions of the second cell group (m = 1) using a
maximum total power level corresponding to the difference between Pcmax(i)
and the sum of powers of the first cell group Potot(i), i.e. Pcmax(i) - Potet(i), and
the outcome of this procedure is the set of scaled power levels Psi(1) for
transmissions belonging to the second cell group.

[0379] Conversely, in case this condition would be satisfied for a second
cell group (m = 1), the WTRU may not perform any scaling of the powers of
transmissions of this second cell group, i.e. Psi(i) = Pd(1) for transmissions
belonging to this second cell group. The WTRU may perform the scaling
procedure over the desired powers Pd(i) of transmissions of the first cell group
(m = 0) using a maximum total power level corresponding to the difference
between Pcmax(i) and the sum of powers of the second cell group Pitet(i), and
the outcome of this procedure is the set of scaled power levels Psi(i) for
transmissions belonging to the first cell group.

[0380] Otherwise, in case the sum of desired powers Pntt(1) is more than
the corresponding guaranteed available power Pgn(i) for both cell groups m =0
and m = 1, different solutions may be envisioned to share the power between
cell groups and scale powers, including solutions as described in the following.
[0381] First solution: scaling by cell group followed by scaling over both
cell groups. In a first solution, the WTRU may start by performing, for each
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cell group m, the scaling procedure over the desired powers of transmissions of
the cell group using a maximum total power level corresponding to the
difference between Pcmax(i) and the guaranteed available power Pgy(i) of the
other group m’. In other words, the maximum total power level considered for
a first cell group m = 0 may be set to Pcmax(i) - P21(1) and the maximum total
power level considered for a second cell group m=1, may be set to Pcmax(i) -
Pgo(1). As a result of this process, the WTRU has obtained a set of initially
scaled transmission powers Pisi(i) from both cell groups. However, the sum of
these initially scaled transmission powers Pisi(i) over both cell groups may in
general still exceed Pcmax(i). If this is the case, the WTRU may perform an
additional scaling procedure over all initially scaled transmission powers
Pisi(1) of both cell groups for a maximum of Pcmax(i), to obtain the scaled
transmission powers Psi(i). As described previously, multiple priority levels
may be considered for the transmissions when performing the scaling
procedure. A priority order may be defined, based for instance on the type of
physical channel of each transmission, the type of uplink control information
carried by each transmission, the cell group to which the transmission
belongs, and may depend on whether a network indication was received. The
overall procedure is completed after the final transmission powers have been
obtained.

[0382] Second solution: scaling on guaranteed power followed by scaling
on non-guaranteed power over both cell groups. In a second solution, the
scaled power levels Psi(i) are calculated as the sum of two portions Psuai(i) and
Pnguai(i), where Pguai(i) is a portion obtained from the guaranteed available
power for the cell group to which the transmission t belong, and Prgua(i) is a
portion obtained from power that is not guaranteed to any cell group. Each or
both portions may be zero, or may correspond to the desired power level.

[0383] The WTRU may start by performing, for each cell group m, the
scaling procedure over the desired powers of transmissions of the cell group
for a maximum level corresponding to the guaranteed available power Pgn(i) of
the cell group. As a result of this process, the WTRU has obtained the set of

portions from the guaranteed available power Psuay(i).
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[0384] In case the sum of guaranteed available power Pgn(i) over cell
groups is smaller than Pcmax(i), the portion obtained from power not
guaranteed to any cell group Pneuai(i) may be more than zero. The set of
portions Preguai(il) may be calculated as the output of an additional scaling
procedure performed over all transmissions of both cell groups for which the
portions from the guaranteed available power Pguai(i) is less than the desired
power Pd(i). The pre-scaled power used as a input to this scaling procedure for
each such transmission may be the difference between the desired power and
the portion from the guaranteed available power Pdi(i) — Pgua(i). The
maximum power used in the scaling procedure may be the non-guaranteed
available power Pcmax(l) - P2o(i) - P21(1). The priority order used in the scaling
procedure may be defined as in the previous solution.

[0385] Third solution: allocation by cell group followed by scaling by cell
group for one or both cell group(s). In a third solution, the WTRU may start
by identifying a relative priority (i.e. ranking) between cell groups, based on at
least one priority criteria. The priority criteria may include one or more of the
type of UCI contained in transmissions of the cell group, or the highest
priority type of UCI among transmissions of the cell group, the identity of the
cell group itself (i.e. whether it is a master or secondary CG), and may depend
on whether a network indication was received. When a priority criterion
based on the type of UCI or transmission is used (such as PUCCH over
PUSCH without UCI, or HARQ A/N over CSI over no UCI) the priority for a
CG may be determined based on the highest priority among all transmissions
of the cell group, or alternatively only among transmissions of the cell group
for which scaling would need to be applied if only the guaranteed available
power would be available to the cell group. Without loss of generality, the
high-priority CG may be identified with index m = H and the low-priority CG
with index m = L. Then, the portion of the total available power Pcymax(i) that
1s not guaranteed to any cell group may be assigned in priority to the highest
priority cell group, while the low priority cell group can be assigned any
remaining power, such that the assigned maximum total power for the high

and low priority cell groups, P’cmaxmu(i) and P’cvmaxm (i), respectively, may be

-88-



set according to:

P’ovaxm,a(1) = min[ Pemax(i) - Pen@), Patet(i) ] Equation (51)
Pevaxmv,L(i) = Pomax(d) - P’omaxm,a(i) Equation (52)
[0386] In a second step, the WTRU performs the scaling procedure over

transmissions of the low priority cell group using a maximum of P’cvaxm (1),
and the output of this procedure is the set of scaled powers for transmissions
of the low priority cell group. In case the sum of desired powers Pntot(i) of the
high priority cell group would exceed the difference Pcmax(i) - P2.(i), the
WTRU also performs the scaling procedure over transmissions of the high
priority cell group using a maximum of P’cmaxmu(i), and the output of this
procedure is the set of scaled powers for transmissions belonging to the high-
priority cell group. Otherwise no scaling is applied on the powers of the
transmissions of the high-priority cell group, i.e. Psii) = Pd@) for
transmissions of this cell group.

[0387] Power scaling with unsynchronized transmissions:
Transmissions taking place for different MAC instances (or for different sets
of serving cells) may not be synchronized at the subframe level. This means
that transmissions pertaining to a first MAC instance for a subframe may
have already started at the time transmission pertaining to a second MAC
instance start. The following paragraphs describe approaches to handle power
scaling in such situations. Possibly, solutions described in the following may
apply in case the timing difference between subframes is more than a specific
duration, such as that of a single OFDM symbol.

[0388] It is assumed that transmissions may be categorized in two
subsets A and B, where all transmissions of a given subset (for a subframe)
start at the same time, while transmissions in different subsets may not start
at the same time. For instance, subframe i of transmissions of subset A may
start at the third OFDM symbol of subframe 1 of transmissions of subset B. In
an example, the subsets A and B may correspond to transmissions of a
primary and a secondary MAC instance, respectively.

[0389] In a case where transmissions are not synchronized between cell

groups (or MAC instances), the total configured maximum output power in
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subframe 1, Pcmax(i), may be determined according to the following procedure.
The WTRU may determine a lower limit Pcmax 1. and a higher limit Pcvax u
for two portions of subframe 1 of subset A, where the first portion overlaps
with subframe j of subset B and the second portion overlaps with subframe j+1
of subset B. These limits are denoted as follows:
- Pcomax 1.3,)), is the lower limit for the portion of subframe i of subset
A that overlaps with subframe j of subset B;
- Pcmax 1(1,j+1)} is the lower limit for the portion of subframe 1 of
subset A that overlaps with subframe j+1 of subset B;
- Pcmax u(, j) 1s the higher limit for the portion of subframe 1 of subset
A that overlaps with subframe j of subset B;
- Pcmax u(, j+1) is the higher limit for the portion of subframe 1 of

subset A that overlaps with subframe j+1 of subset B.

These limits may be determined based on formulas already described, where it
1s understood that the values of the parameters (such as maximum power
reduction) may depend on the actual transmissions taking place in the
corresponding portion of the subframe. The total configured maximum output
power in subframe 1, Pcmax(i), may then be bounded according to the following:
Pemax 1 (1) £ Pemax (1) < Pomax_ u(),
Equation (53)
where
Pcevmax 1(@) = MIN {Peomax r (1,)), Pemax L (3,)+1)} Equation (54)
Pcevax 1) = MAX { Pemax_u(, j) , Pemax_n(@, j+1)} Equation (55)
In addition, Ppowerclass cannot be exceeded during any period of time.
Alternatively, one may calculate the limits according to the following:
Pevax 1. = MIN{PpowerClass , Pomaxm_r,a(i) + MIN{ Pomaxm_LB (), Pomaxm 1B G+1)}
Equation (56)
Pomax 1 = MIN{ProwerClass , Pemaxm_n, A1) + MAX{Pcmaxm n1,8G), Pomaxm 1
B(+1)}, Equation (57)
Where Peymaxy 1.4G), Pemaxuv b, A(1) are the lower and upper limits of the
configured maximum power per MAC instance (or cell group) A in subframe 1,

and Pcvaxu 1.8(G), Pcmaxm w1, A(j) are the lower and upper limits of the
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configured maximum power per MAC instance (or cell group) B in subframe j.
[0390] Taking subset A as a reference, power scaling in a subframe 1 for
this subset may be dependent on, or jointly determined with, the powers of the

following transmissions:

[0391] Transmissions of subset B for subframe j; and
[0392] Transmissions of subset B for subframe j+1;
[0393] where the end of subframe j for subset B occurs between the start

and end of subframe i for subset A.

[0394] FIG. 16 shows a flow chart 1600 which illustrates determination
by a WTRU of a maximum power available for all uplink transmissions during
a time interval (Pcmax) for an asynchronous case.

[0395] In step 1610, the WTRU may determine whether a subframe 1
scheduled for transmission using the uplink resources of CG1 asynchronously
overlaps a subframe j scheduled for transmission using the uplink resources of
CG2 (i.e. the difference in start times of subframe 1 and subframe j exceeds a
threshold for synchronicity as described with respect to FIGS. 2 and 3). If
frames 1 and j overlap asynchronously, the WTRU may determine in step 1620
whether subframe 1 begins before subframe j.

[0396] If subframe 1 begins before subframe j, the WTRU may determine
Pcmax in step 1630 based on subframe 1, subframe j, and subframe j-1 (i.e.,
the preceding frame scheduled for uplink transmission using the uplink
resources of CG2) overlapping subframe 1 in time. A first range may be
determined by the WTRU based on subframe 1 and subframe j, and a second
range may be determined by the WTRU based on subframe i and subframe j-1.
A minimum value for Pcmax may then be determined by the WTRU as the
lesser of the lowest value of the first and second ranges, and a maximum value
for Pcmax may then be determined by the WTRU as the greater of the highest
value of the first range and the highest value of the second range. Pcmax will
thus fall within a range between the minimum value and maximum value.
[0397] If subframe 1 does not begin before subframe j, then the WTRU
may determine Pcmax in step 1640 based on subframe j, the portion of

subframe 1 overlapping subframe j in time, and the portion of subframe i-1
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(i.e., the preceding frame scheduled for uplink transmission to CG1)
overlapping subframe j in time. A first range may be determined by the
WTRU based on subframe i and subframe j, and a second range may be
determined by the WTRU based on subframe i-1 and subframe j. A minimum
value for Pcmax may then be determined by the WTRU as the lesser of the
lowest value of the first and second ranges, and a maximum value for Pcmax
may then be determined by the WTRU as the greater of the highest value of
the first range and the highest value of the second range. Pcmax will thus fall
within a range between the minimum value and maximum value. It is noted
that for the asynchronous case, subframe i and subframe j by definition will
never begin simultaneously.

[0398] FIG. 17 illustrates the subframes used by the WTRU to calculate
Pcmax in step M30 as shown and described with respect to FIG. M. Subframe
1 1s scheduled for transmission from the WTRU using the uplink resources of
CG1. Subframes j and j-1 are scheduled for transmission from the WTRU
using the uplink resources of CG2. Start time 1700 of subframe 1 precedes
start time 1710 of subframe j by time 1730, which exceeds a threshold for
synchronicity as described with respect to FIGS. 2 and 3. For this
asynchronous case, a first range may be determined by the WTRU based on
subframe 1 and subframe j, and a second range may be determined by the
WTRU based on subframe i and subframe j-1. A minimum value for Pcmax
may then be determined by the WTRU as the lesser of the lowest value of the
first and second ranges, and a maximum value for Pcmax may then be
determined by the WTRU as the greater of the highest value of the first range
and the highest value of the second range. Pcmax for time interval 1730 will
thus fall within a range between the minimum value and maximum value.
[0399] FIG. 18 illustrates the subframes used by the WTRU to calculate
Pcmax in step 1640 as shown and described with respect to FIG. 16.
Subframes 1 and i-1 are scheduled for transmission from the WTRU to CG1.
Subframe j is scheduled for transmission from the WTRU to CG2. Start time
1800 of subframe 1 precedes start time 1810 of subframe j by time 1830, which
exceeds a threshold for synchronicity as described with respect to FIGS. 3 and
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4. For this asynchronous case, a first range may be determined by the WTRU
based on subframe i and subframe j, and a second range may be determined
by the WTRU based on subframe i-1 and subframe j. A minimum value for
Pcmax may then be determined by the WTRU as the lesser of the lowest value
of the first and second ranges, and a maximum value for Pcmax may then be
determined by the WTRU as the greater of the highest value of the first range
and the highest value of the second range. Pcmax for time interval 1830 will
thus fall within a range between the minimum value and maximum value.

[0400] In an approach, power scaling of transmissions of subset A in
subframe 1 may be performed taking into account the powers of transmissions
of subset B for subframe j after scaling, which are on-going when subframe 1 of
subset A starts. For the purpose of determining the scaling factors, the
maximum configured output power Pcmax(l) may be replaced with a value
P’cmax(l) (or remaining available power) corresponding to the difference
between this value and the sum of the powers of transmissions of subset B for

subframe j after scaling, w:(j) P:(j):

P’ cpmax (D) = Pemax (D) — Xeepwe ()P () Equation (58)
[0401] In a case where the term
Péop = YeenWe (DP:()) Equation (59)

1s not constant over subframe j for transmissions of subset B, its maximum
value over subframe j may be used. For instance, this could occur when SRS is
transmitted in the last SC-FDMA symbol. The term

Pégp = Yeer we (DP:()) Equation (60)
may be equivalent to the minimum value between the maximum power level
available to transmissions of subset B in subframe j, P’cmaxm,B(j), and the sum
of required powers for transmissions of subset B,

Py () = Xtes P () Equation (61)
or possibly its maximum value over a subframe.
[0402] If subframe 1 has intra-subframe frequency hopping configured
and the overlapping period with subframe j of the subset B is less than or
equal to a slot duration, then P’cmax(i) may take into consideration only the

power level of the overlapping slot since the WTRU can change PA power level
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between slots in this case for the weight determination. In addition, if
subframe 1 has scheduled SRS transmissions and the overlapping period is
less than a symbol, then P’cmax(i) may take into consideration only the power
level of the overlapping symbol since the WTRU can change PA power level
between SRS and shorten PUCCH/PUSCH in this case for the weight
determination.

[0403] Reactive scaling: In an approach, the determination of scaling
factors for transmissions of subset A in subframe i may be performed taking
into account the modified maximum power P’cmax(i) as above and including in
the scaling procedure only the set of pre-scaled transmission powers of subset
A in subframe 1. In case there is an additional configured power limitation
Pomaxma(i) (or P’cmaxma(i)) over transmissions of subset A, the scaling
procedure may be performed using a maximum power level corresponding to
the minimum value between Pcvax(l)) and Pcomaxma(l) (or Povaxma@)).
Expressed differently, the maximum power level used for the scaling
procedure for transmissions of subset A in subframe i, P’cmaxma(i), may
correspond to the minimum value between P’cmax(i) = Pemax(i) - Plca,B(j) and a
configured power limitation Pcvaxma(i), where the latter may correspond to
Pcmax(i) - Pesg where Psg is a guaranteed power configured for the cell group
corresponding to transmissions of subset B (equivalently, to Pomax(l) x (1 —
Rep) if the guaranteed power is configured as a ratio of Pcmax(i)). In this case,
the maximum power level P’cmaxma(i) may also be expressed as Povax(l) — max
[Pcevmax(@) Res, Plec,()].

[0404] Using this approach, the transmission powers of subset A are
maximized taking into account the limitation brought by transmissions from
subset B finishing in this subframe, without considering the power
requirements of transmissions from subset B that will start in the subframe.
Such approach may be referred to as “reactive scaling” herein.

[0405] Proactive scaling: Alternatively, the determination of scaling
factors for transmissions of subset A in subframe i may be performed taking

into account the following:
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[0406] The modified maximum power P’cmax(i) applicable to the portion
of the subframe i1 that ends when subframe j of subset B ends;

[0407] The maximum configured output power Pcmax(i) applicable to the
portion of the subframe i that starts when subframe j+1 of subset B starts;
[0408] The set of pre-scaled or desired Pdi(j+1) transmission powers for
subframe j+1 of subset B.

[0409] Possible additional configured maximum power limits over
subsets A and B in subframes i and j+1, Pcmaxm,a(i) and Pevaxm,s(+1).

[0410] Using this approach, the transmission powers of subset A are
maximized taking into account both the limitation brought by transmissions
from subset B finishing in this subframe as well as the limitation brought by
transmissions from subset B starting in this subframe. Such approach may be
referred to as “proactive scaling” herein. When this approach is used, the
scaling factors for transmission powers of subset A in subframe i, wt(i) may be
determined according to the following procedure.

- Determine the scaling factors wi(i) or the scaled powers Ps(W(i) by
applying a first scaling procedure over the pre-scaled transmission
powers Pi(i) or desired powers Pd(i) of subset A only and using the
modified maximum power P’cmax(l), or the minimum value between
Pcmax(l)) and a configured power limitation Pcomaxma(i) (or
P’cmaxm,a(l)) over transmissions of subset A;

- Determine the scaling factors w®y(i) or the scaled powers Ps@y(i) by
applying a second scaling procedure over the pre-scaled
transmission powers Pi(1) or desired powers Pdi(1) of subset A in
subframe 1, as well as the pre-scaled transmission powers P:(j+1) or
desired powers Pd(j+1) of subset B in subframe j, and using the
maximum configured output power Pcmax(i); in case configured
power limitations over subsets A and B, Pcumaxma(l) and
Pemaxm,(G+1), (or Pomaxma(l) and Pemaxmp()) are defined, the
scaling procedure may be performed according to an approach
already described for the case of power sharing between MAC

instances (or multiple scaling).
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- Select the minimum value between the two values for each scaling

factor (or for each scaled power):

we (i) = min[w” (D), w® ()] Equation (62)
Or equivalently:
Ps¢(@) = min[PsM(i) , Ps@y(1)] Equation (63)
[0411] Another possible solution may include the following, if subset A

and B correspond to MAC instances A and B respectively: Determine a
tentative assigned total power P"Wcmaxm,a(i) for the first part of the subframe,
corresponding to the minimum between the value P’cmax(i) as previously
described and the configured maximum power Pcmaxm,a(i) for MAC instance A;
determine a tentative assigned total power P’@cmaxm a(i) for the second part of
the subframe, using one of the previously described solution for power sharing
between MAC instances, where transmissions of a second MAC instance B for
subframe j+1 are considered, as well as associated priorities if applicable;
determine the assigned total power P’cmaxma(i) for (the whole) subframe 1 as
the minimum between both tentative assigned total powers, i.e. P’cmaxm,a(il) =
min{ POcyvaxma(i), P@cmaxma(l) }; and, determine the transmission powers of
all transmissions associated to MAC instance A in subframe (i) by applying
the scaling procedure over these transmissions for a single maximum total
power level of P’cmaxm,a(i).

[0412] In some solutions, the calculation may be performed by assuming
that the assigned total power of subset B in subframe j+1 P’cmaxm,(+1) is
equal to a configured value corresponding to a guaranteed assigned power for
subset B. Such approach may be useful if the actual required transmission
powers of subset B are not known at the time where the transmission powers
of subset A in subframe 1 need to be calculated. In some solutions, whether a
configured value of P’cmaxmp(+1) is used or whether a value is calculated
based on actual required transmission powers may depend on whether the
difference in timing between subframe 1 and subframe j+1 is below a
threshold, or whether the available WTRU processing time between reception
of control information applicable to subset B in subframe j+1 and transmission

of subset A in subframe 1 is below a threshold. For example, the WTRU may
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determine such difference in timing according to any of the methods described
herein regarding synchronous and unsynchronous uplink transmissions across
cell groups, such as based on the type of uplink operation (synchronous or
asynchronous) between subsets of transmissions. Alternatively, the WTRU
may determine the difference in timing according to any of the methods
described herein regarding processing a time budget, such as based on WTRU
processing time.

[0413] When proactive scaling is performed as in the above, the
determination of scaling for transmissions of subset B in subframe j+1 may be
performed immediately after by applying the reactive scaling procedure
(applied from the perspective of subset B) using the scaling factors calculated
as above for subset A in the determination of P’cmax(j+1). This means that the
scaling factors for both sets of transmissions may be calculated without any
interval in between.

[0414] With respect to the performance of a scaling procedure over
transmissions belonging to both subsets in the above, priorities and possibly
sub-priorities may be defined on each separate transmission. In addition, or
alternatively, priorities may be defined on a subset basis. For instance, subset
B may have higher priority than subset A if those subsets correspond to a
primary MAC instance and a secondary MAC instance, respectively.

[0415] The WTRU may determine whether to apply “reactive scaling” or
“proactive scaling” for a subset of transmissions based on at least one of the
following criteria.

[0416] In one example approach, the WTRU may apply reactive scaling
to both subsets of transmissions always. In this case, a separate calculation is
performed at at least every start of a subframe of either subset of
transmissions.

[0417] In another example approach, the WTRU may apply reactive
scaling on a subset of transmissions if the corresponding MAC instance is of
higher priority than the other MAC instance, based on any prioritization

solution described herein.
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[0418] In another example approach, the WTRU may apply proactive
scaling for subset A (and reactive scaling for subset B immediately after) if the
time difference between the start of subframe 1 and the start of subframe j+1
is less than a threshold. The threshold may be pre-defined and may
correspond, for instance, to an allowable reduction of the available processing
time for the WTRU to determine the required pre-scaled transmission powers
of subset B. The threshold, or whether proactive scaling is possible at all, may
be dependent on a WTRU capability signaled to the network. Alternatively,
the threshold may correspond to half of a subframe, or to one slot. In this case,
effectively a pairing of subframes is performed such that the time interval
between the starts of paired subframes is minimized. Proactive scaling is then
applied on the earlier subframe of this pair, and reactive scaling is applied on
the later subframe. In another example case, this approach is only used if the
earlier subframe corresponds to transmissions for a MAC instance of lower
priority.

[0419] Reactive scaling with pre-emption: In some approaches, the
WTRU may calculate transmission powers for a first MAC instance in
subframe 1 according to a reactive scaling procedure (i.e. taking into account
only transmissions of a second MAC instance of subframe j which overlaps in
the early portion of subframe i) and drop transmissions for this first MAC
instance over all or a portion of the subframe in case it determines that the
second MAC instance (or transmissions thereof) has higher priority in
subframe j+1 than the first MAC instance in subframe i.

[0420] In other words, the transmission powers of a first MAC instance
in subframe 1 in at least a portion of subframe i1, may be either the result of
the reactive scaling procedure, or zero, depending on whether the second MAC
instance in subframe j+1 has higher priority than the first MAC instance in
subframe 1.

[0421] In some approaches, the WTRU may calculate transmission
powers for a first MAC instance in subframe i1 according to a reactive scaling
procedure if it determines that the second MAC instance has lower priority (or

possibly lower or equal priority) in subframe j+1, or if it determines that no
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transmission is present for the second MAC instance in subframe j+1.
Otherwise, the WTRU may determine the transmission powers for the first
MAC instance in subframe 1 based on applying scaling using a pre-defined
assigned total power Prreempteyaxaa(i) as maximum power, possibly only if
such value is smaller than the remaining available power P’cmax(i) determined
as part of reactive scaling.

[0422] Such solutions may have the benefit of avoiding extensive
calculations or recalculations of powers when information about transmissions
for the second MAC instance in subframe j+1 becomes available.

[0423] Further example applicable prioritization functions are described
in the following discussion. Related approaches include those that may be
applied when a WTRU 1is limited with respect to uplink operation. For
example, such prioritization function may include at least one of the following:
[0424] Selective blanking: The WTRU may determine that it should
perform a transmission of a higher priority, and it may determine that it
should not perform a transmission of a lower priority (or allocate it zero
power, in which case it may be considered as a power scaling event).

[0425] This may be useful, for example, to perform some form of TDM
between a plurality of MAC entities (e.g. primary, secondary) and/or between
a plurality of physical channel (or signal) types (e.g. PUSCH, PUCCH,
PRACH, SRS) and/or between a plurality of transmissions for a same type of
physical channel (e.g. PUSCH and PUSCH, PUCCH and PUCCH, etc.).

[0426] In particular, this may be useful when it can be assumed that
timing of the uplink transmission can be synchronized within some margin,
e.g. at the symbol duration and within the length of a cyclic prefix.

[0427] Selective transmission: As described herein, the WTRU may
determine that it should perform a transmission such that it may
autonomously determine one or more characteristics of the transmission as a
replacement of one or more aspects of the applicable grant (referred to as the

base grant).
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[0428] Truncated transmission: The WTRU may determine that it
should perform a transmission of a higher priority, and it may determine that
it should truncate one or more symbols for a transmission of a lower priority.
[0429] For example, this may be useful to perform some form of TDM
between a plurality of MAC entities (e.g. primary, secondary) and/or between
a plurality of physical channel (or signal) types (e.g. PUSCH, PUCCH,
PRACH, SRS) and/or between a plurality of transmissions for a same type of
physical channel (e.g. PUSCH and PUSCH, PUCCH and PUCCH, etc.).

[0430] In particular, this may be useful when it cannot be assumed that
timing of the uplink transmission can be synchronized within some margin,
e.g. at the symbol duration and within the length of a cyclic prefix.

[0431] Power scaling: The WTRU may determine that it should apply a
scaling function on the transmission power of one or more uplink
transmissions, such that power may be first allocated to a transmission of a
higher priority, and the remaining power may be allocated in decreasing order
of priority. Possibly, if the WTRU determines that the priority of two or more
transmissions is equal, the WTRU may apply additional priority rules, it may
allocate the remaining power equally or it may be a function of the WTRUs
implementation such that transmission power may be optimized (e.g. the
WTRU may determine the power allocation that requires the least backoff e.g.
MPR applied).

[0432] Resource used for HARQ A/N or other UCI transmission: The
WTRU may determine a type of resource (PUCCH or PUSCH) and/or an
amount or a proportion of resources used for HARQ A/N or other UCI within
PUSCH, to increase the probability of successful detection of such UCI in case
of power limitation. For instance, the number of coded symbols Q used for
HARQ A/N or for rank indication (RI) may be determined as the output of a
prioritization function. For instance, the number of coded symbols Q may be
set to 4 times the number of sub-carriers of the PUSCH allocation instead of
the number calculated as per existing solutions, as a result of the

prioritization function. In another example, the prioritization function may
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determine that HARQ A/N should be transmitted over PUCCH instead of
PUSCH and drop any PUSCH transmission.

[0433] The WTRU may determine a priority according to one or more
rules, such as those described herein. Such priority may be used as
prioritization level in association to a prioritization function such as described
above.

[0434] Such prioritization function and prioritization level may be
applicable to the selection of a grant to be used for uplink transmission(s) in a
given TTI (e.g. as in case 1 above). For example, the WTRU may have valid
grant for a primary MAC instance and one for a secondary MAC instance for a
given TTI. If the WTRU applies selective transmission, the WTRU may select
the grant for which to perform a transmission as a function of the applicable
priority level.

[0435] Alternatively, such prioritization function and prioritization level
may be applicable to the allocation of transmit power used for uplink
transmission(s) in a given TTI (e.g. as for case 2 and 3 above). For example,
the WTRU may have a valid grant for a primary MAC instance and one for a
secondary MAC instance for a given TTI. If the WTRU applies a power scaling
function, the WTRU may determine what transmission associated to what
MAC entity should be first allocated available transmission power, and then
allocate any remaining power to uplink transmission(s) associated to the other
MAC entity. Possibly, if the remaining power is insufficient for the concerned
transmission, the WTRU may perform selective transmission (if applicable).
[0436] For any of the above prioritization functions, parameters
representing the concerned prioritization function may be a configuration
aspect of the WTRU.

[0437] In an example, a prioritization function may be parametrized,
i.e., the network may be in control. For example, the WTRU may be
configured for a power scaling function that includes a minimal amount of
power to allocate to a specific MAC instance (e.g., a guaranteed available

power for a MAC instance, Psn(i), as previously described), or to a target
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power ratio to allocate for a specific MAC instance. Possibly, such threshold
may be applied per physical channel (e.g. PUCCH, PUSCH).

[0438] In another example, in an approach, a guaranteed available
power for a MAC instance Pgn(1) may be derived from a value provided from
higher layer signaling. The value may be expressed in terms of an absolute
value (e.g. in dBm or mW) or in terms of a fraction of a total configured
maximum output power Pcmax(i) or of a maximum WTRU power PprowerClass.
For instance, the guaranteed available power for a MAC instance in subframe
(1) may be determined to be X dB below Pcmax(i) (expressed in dBm units), or
may be determined to be Y times Pcmax(i) (expressed in linear units), where Y
corresponds to a ratio of power that is guaranteed to be available. The value of
X (or Y) may be provided by higher layers.

[0439] In another example, the WTRU may be configured with one or
more set of parameters for a given prioritization function. When multiple
configuration are available for a given function, the WTRU may determine
what function to apply in a given subframe as a function of semi-static aspects
(as described below) and/or as a function of dynamic aspects (as described
below). For example, for a power scaling function, different thresholds may be
configured e.g. such that default value(s) may be available and such that a
non-default parameter (or set thereof) may be addressed e.g. by control
signaling received by the WTRU.

[0440] In other words, the WTRU may receive control signaling that
dynamically modify the set of applicable prioritization rules.

[0441] In an example, the WTRU may be configured to use one of a
possible set of guaranteed available powers for at least one MAC instance. The
set may be provided from higher layer signaling (e.g., RRC). The specific value
of the guaranteed available power to use from the set may be provided from
physical layer signaling or from MAC signaling (MAC control element). For
instance, the WTRU may determine the value of the set that should be used
(for each MAC instance) based on a field of a received DCI, possibly only if
received from a specific MAC instance. The value may be applied only to a

subframe associated to the DCI or to an uplink transmission associated to this
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DCI. Alternatively, the value may apply to all subsequent uplink
transmissions until reception of a new indication.

[0442] In another example, the specific value of the guaranteed
available power to use from the set for a first MAC instance may depend on
the relative priority of this MAC instance compared to the second MAC
instance. Such relative priority may depend on whether HARQ A/N is
included in a transmission of the first or the second MAC instance. For
instance, a set of possible values of the guaranteed available power for a first
MAC instance may be 80%, 50% or 20% of Pcmax(1). In a case where this first
MAC instance has a lower priority than a second MAC instance, the
guaranteed available power for the first MAC instance may be 20% of Pemax(1).
In case both MAC instances have the same relative priority, the guaranteed
available power for the first MAC instance may be 50% of Pemax(1). In a case
where the first MAC instance has a higher priority than a second MAC
instance, the guaranteed available power for the first MAC instance may be
80% of Pemax(1).

[0443] This may be useful to enable operation whereby an eNB may
control the switching of the applicable priorities between transmissions for a
given WTRU using dynamic control signaling.

[0444] In another example, the values of parameters that may be used
in a given prioritization function may be function of a priority between MAC
instances (cell groups) or between transmissions. For instance, the maximum
power for MAC instance m, Pcvaxm,m, may be a first value Pcmaxm HicH 1n case
this MAC instance 1s prioritized over the other(s), and a second value
Pomvaxm,Low in case this MAC instance is not prioritized or has lower priority.
In another example, the guaranteed available power Pgy(1) may be a first
value Pguigu(i) in case this MAC instance is prioritized over the other(s), and a

second value Psrow(1) in case this MAC instance is not prioritized or has lower

priority.
[0445] Control of P_MeNB and P_SeNB are further discussed below.
[0446] Hard split between MAC entities for WTRU available power:

The WTRU may be configured (e.g. by RRC) with a value for PeNB,m =
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PeNB,0 for the MAC entity associated to transmissions towards a MeNB (e.g.
the primary MAC entity) herein referred to as P_MeNB, and with a value for
PeNB,m = PeNB,1 for the MAC entity associated to transmissions towards a
SeNB (e.g. the secondary MAC entity) herein referred to as P_MeNB when
configured with dual connectivity. Conceptually, such value may impact how
much transmission power is needed before the WTRU determines that power
scaling should be applied; it also may impact the uplink coverage of the
WTRU’s transmission. When such values are semi-statically configured using
L3 signalling, it may become challenging for the system to optimize the
WTRU’s power usage while ensuring that uplink coverage (such as for the
transmission of critical L3 signalling) can be maintained. Methods to adjust
such values dynamically are further described herein.

[0447] Coefficient-based variable split between MAC entities for WTRU
available power: In an example approach, the WTRU may additionally
determine a coefficient value alpha to apply to the values of P_MeNB and
P_SeNB. The WTRU may then use alpha*P_MeNB and (1-alpha)*P_SeNB (in
linear units), if necessary, for example, where the WTRU needs to determine
how to split power for transmissions associated to more than one MAC entity
and/or where the WTRU needs to apply a prioritization function (e.g. the
WTRU is in a power-limited situation).

[0448] Adjustable split levels between MAC entities for WTRU available
power: In an example approach, the WTRU may instead be configured such
that different power allocation ratio may be applied. For example, the WTRU
may be configured with multiple pairs of values for [P_MeNB, P_SeNB].
Alternatively, the WTRU may be configured with a set of alpha values.
Possibly, each pair may be indexed.

[0449] WTRU-autonomous adjustment: The WTRU may autonomously
determine the applicable power allocation ratio.

[0450] The WTRU may become power-limited and change the ratio to
allocate unused power to the concerned transmissions: In one example, the
WTRU may adjust such ratio if it determines that it is power-limited; the

WTRU may determine that it has insufficient transmit power for a specific
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period of time for transmissions associated to a given MAC entity and
determine that power may be reallocated such that more power is made
available to transmissions of the concerned MAC entity. This may be done, for
example, only if sufficient transmit power remains available for transmissions
associated to the other MAC entity, if any. Such period of time may be a
single TTI (e.g. the occurrence of the application of a prioritization - e.g. power
scaling - for a single TTI may trigger such adjustment) or a plurality of TTIs.
The WTRU may determine the adjustment as a function of the power scaling
levels applied during such period such that power scaling may be minimized.
[0451] The WTRU may determine average power over a certain period
and reallocate power levels accordingly: In one example, the WITRU may
adjust such ratio if it determines that the power split used and the average
power allocated to transmissions associated to each MAC entity do not match
each other over a certain period. For example, the WTRU may determine that
power used for transmissions associated to a first MAC entity do not exceed in
average an amount that correspond to another value in the WTRU’s
configuration, which value (either alpha, or a P_MeNB, P_SeNB pair) may be
used without impairing transmissions associated to the second MAC entity.
[0452] The WTRU may prioritize transmissions to which more power
should be allocated: In another example, the WTRU may adjust such ratio if
it determines that a change in prioritization of transmissions (e.g. according to
any of the method described herein) should be applied. For example, the
WTRU may adjust the ratio such that more power is made available to
transmissions associated to a primary MAC entity (i.e. the MAC entity
associated to the eNB used for macro coverage) where data of higher priority
(e.g. RRC signaling, including measurement report) is available for
transmission. In another example, the WTRU may perform such adjustment
where it triggers a Scheduling Request (SR), or for a subframe in which the
WTRU performs a SR transmission (either a preamble transmission for RA-
SR, or a transmission on PUCCH for D-SR). In another example, the WTRU

may perform such adjustment when it performs a preamble transmission.
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Possibly, in the latter case, only for a preamble transmission associated to a
contention-based random access procedure.

[0453] The WTRU may determine that it is moving towards the edge of
a cell e.g. macro cell edge: In another example, the WTRU may adjust such
ratio if it determines that a change in its pathloss estimation for the physical
layer associated to a specific MAC entity changes by a certain amount. For
example, the WTRU may adjust the ratio such that more power is made
available to transmissions associated to the primary MAC entity (i.e. the MAC
entity associated to the eNB used for macro coverage) where the associated
pathloss estimate drops by a certain amount.

[0454] The rate of WTRU-autonomous adjustment may be limited: In
one approach, the WTRU may limit how often it may autonomously adjust the
split of available power between transmissions of different MAC entities. For
example, the WTRU may start a prohibit timer (which usage and/or value may
possibly be configurable by the network) when it performs such adjustment,
such that no further WT'RU-autonomous adjustment may be made while the
timer is running. If used in combination with network-controlled adjustments,
the WTRU may restart such timer every time it performs such adjustment as
a result of a network-controlled procedure. Possibly, the WTRU may consider
only subframes for which it performs simultaneous transmissions. Possibly,
such timer may be the PHR prohibit timer, in particular if the WTRU triggers
a PHR whenever it perform such adjustments autonomously.

[0455] The WTRU may determine that it operates according to single
connectivity: In another example, the WTRU may adjust its power allocation
function such that a split is not applicable. In such case, the WTRU may
revert to R11 power allocation functions. For example, the WTRU may
determine that it may no longer perform any uplink transmission (possibly
except for a preamble transmission) for the secondary MAC entity e.g. when it
no longer has a valid uplink timing advance (e.g. TAT is not running for any
cell of the secondary MAC entity) or e.g. following a failure event for a
procedure of the concerned MAC entity such as a RACH failure, a RLC failure
or a radio link problem detected by RLM and applicable to cell(s) of the
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concerned MAC entity. For example, the WTRU may determine that the
configuration of the secondary MAC entity is either removed or invalidated.
For example, the WTRU may initiate a RRC connection re-establishment
procedure.

[0456] NW-controlled adjustment: The WTRU may adjust the
applicable power allocation ratio when it receives control signaling from the
network. For example, such control signaling may be received in a DCI on
PDCCH (possibly only on the PDCCH associated to the PCell of the WTRU’s
configuration), in a L2 MAC Control Element or in L3 RRC signaling (e.g.
RRC reconfiguration procedure). For example, the WTRU may determine the
index of a pair of values for [P_MeNB, P_SeNB] or a coefficient alpha in a
DCI. Possibly, such DCI may be a format 3 or 3a received by TPC-PU*CH-
RNTT or similar. Possibly, such signaling may be a set of bits (e.g. TPC field,
or frequency hopping field) in a DCI that grants uplink resources for a
transmission. Such adjustment may be applicable only to a single subframe,
e.g. in particular if signaling together with the allocation of uplink resources
for a transmission, or until further logic is executed by the WTRU that adjusts
the applicable power ratio to different values.

[0457] Applying the selected adjustments: If the WTRU determines
that it should adjust the split of available power, it may apply the new value
according to at least one of the following: The WTRU may apply the
adjustment only for the applicable transmission e.g. if received together with a
DCI that allocated resources for an uplink transmission; the WTRU may
apply the adjustment after a certain processing time e.g. X subframes after
the subframe in which the WTRU could first determine that an adjustment
was required (for example, in case of network-controlled adjustment, in
subframe n+x for control signaling received in subframe n); the WTRU may
apply the adjustment in the first subframe that immediately follows a
subframe for which the WTRU did not perform simultaneous transmissions
1.e. after a subframe in which the WTRU either allocate power only for
transmissions associated to a single MAC entity or did not perform any

transmission at all; (possibly, for the first such subframe after a specific
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processing time); t WTRU may autonomously determine that at least one
transmission should be blanked such that such subframe is induced (such
subframe may be part of a configured gap e.g. a measurement gap or a period
for which the WTRU was not in DRX active time).

[0458] The WTRU may trigger PHR if it autonomously adjusts the
power split for WTRU available power between MAC entities: In one
approach, the WTRU may trigger a notification to the network (e.g. either
towards the MeNB only, or possibly also to the SeNB) where it autonomously
determines that a different split of available transmit power is used, e.g.
according to any of the method described above. For example, the WTRU may
trigger a PHR in such case.

[0459] The WTRU may be configured for multiple prioritization
functions: For example, the WTRU may be configured with one or more
prioritization function(s). When multiple functions are configured, the WTRU
may determine what function to apply in a given subframe as a function of
semi-static aspects (as described below) and/or as a function of dynamic
aspects (as described below). For example, different functions thresholds may
be configured e.g. such that a default function may be available and such that
a non-default function may be addressed by control signaling received by the
WTRU.

[0460] In an example, the WTRU may receive control signaling that
dynamically modify the set of applicable prioritization function.

[0461] This may be useful to enable operation whereby an eNB may
control the switching of the prioritization function applied between
transmissions for a given WTRU using dynamic control signaling.

[0462] In another example, the prioritization function applied by the
WTRU in a subframe may depend on a priority level or priority order
associated to a transmission pertaining to this MAC instance in this subframe,
and/or on a relative priority between a transmission pertaining to this MAC
instance and a transmission pertaining to another MAC instance. For
instance, it may depend on whether HARQ A/N is included in a transmission

of one or both MAC instances. In a case where a transmission with HARQ A/N

-108-



1s included in a first MAC instance but not in a second MAC instance, the
prioritization function may comprise “power sharing based on an absolute
priority” described further herein, where the higher priority MAC instance is
the first MAC instance. In case a transmission with HARQ A/N is included in
both MAC instances, the prioritization function may comprise “power sharing
based on an absolute priority”’, where the higher priority MAC instance is a
pre-defined MAC instance (e.g. a primary MAC instance). In case no
transmission with HARQ A/N is included in any MAC instance, the
prioritization function may comprise “power sharing based on guaranteed
available power” described further herein using a configured set of values for
the guaranteed available power.

[0463] In another example, the prioritization function applied by the
WTRU may depend on an explicit indication received from a DCI from an
existing field (e.g. TPC command field) or a newly defined field. For instance,
the WTRU may determine that “power sharing based on absolute priority” is
performed in case this indication is received, and that “power sharing based
on guaranteed available power” is performed otherwise.

[0464] Multiple prioritization functions may also be combined using
precedence rules, as described further herein.

[0465] A function may be configured such that it is applicable in subset
of TTIs. For example, The WTRU may be configured such that a first priority
function may be applicable to a subset of subframes within a given radio
frame, while a second priority function may be used for a second subset of
subframes within the concerned frame.

[0466] For example, the WTRU may be configured such that in a given
set of TTIs (e.g. first TTI of a radio frame or subframe #0) the WTRU
determines that selective transmission function may be applied to uplink
transmission of different priority levels while it may determine that for a
second set of TTIs (e.g. the other TTIs in the radio frame or subframe #1-#9) a
power scaling function may be applied to uplink transmissions of different
priority levels. Possibly, in the configuration, all subframes may refer to

timing associated to a single MAC entity.
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[0467] This may be useful to enable operation whereby some TDM is
applied for the uplink between MAC/PHY entities, while for other subframes
power distribution and power scaling may be used between MAC/PHY entities
in a given subframe.

[0468] For any of the above prioritization functions, the WTRU may first
determine the priority level to associate to a given transmission in the
concerned TTI when applying the prioritization function. The WTRU may
determine such priority level according to a number of approaches, or any
combinations thereof, according to at least one of the following:

- Dynamic aspects: The WTRU may determine the priority level of a
transmission as a function of the received control signaling and/or
operational state of the WI'RU. Examples of such rules are described
herein.

- Semi-static aspects: The WTRU may determine the priority level of a
transmission as a function of configurable rules. Examples of such
rules are described herein.

- Static aspects: The WTRU may determine the priority level of a
transmission as a function of pre-defined rules. Examples of such
rules are described herein.

[0469] Similarly, the WTRU may determine the prioritization function
(and/or the corresponding set of parameters) to apply according to any of the
above aspects using similar approaches as those described to determine the
priority level to associate to a given transmission in a given TTI. In other
words, the selection of the function to apply may itself be considered as a
priority level for the concerned TTI.

[0470] In the approaches described below, a transmission may refer to
any type of uplink transmission; for example, while not limiting the below
approaches to any other type of uplink transmissions, a WTRU may use a
prioritization function and approaches to determine the prioritization level
according to at least one of the following:

[0471] An uplink transmission as indicated by a grant. In this case, the

concerned transmission may be the corresponding PUSCH transmission
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(typically in subframe n+4 for control signaling received in subframe n),
possibly at the granularity of what information is included in the signal e.g. a
PUSCH transmission may be further split as a UCI component, one (or more,
in case of spatial multiplexing) transport block(s) component, and possibly also
a SRS component (typically the last symbol of the PUSCH transmission).
[0472] An uplink transmission as a consequence of a downlink
assignment. In this case, the concerned transmission may be the
corresponding HARQ feedback sent either on PUCCH or on PUSCH (typically
in subframe n+4 for control signaling received in subframe n), possibly at the
granularity of what physical channel is used for the transmission.

[0473] A transmission for UCI, SRS or D-SR i.e. a transmission that is
for HARQ feedback or for UCI (periodic or aperiodic) either on PUCCH or
PUSCH, a SRS transmission (periodic or aperiodic) or scheduling request (D-
SR) on PUCCH. The granularity may be at the physical channel (e.g. PUSCH,
PUCCH), the type of signal (e.g. SRS, D-SR) or the type of information (e.g.
HARQ feedback, CQI/PMI/RI, D-SR). For example, a WTRU may apply power
scaling and to allocate lower priority to a transmission that contains UCI if it
excludes HARQ A/N information but not otherwise.

[0474] A transmission that is part of a random access procedure (either
as indicated by a DCI, or initiated autonomously by the WTRU): In this case,
the concerned transmission may be at least one of the corresponding initial
preamble transmission, any retransmission(s) of the preamble and if
applicable the transmission of the msg3 (including retransmissions, if any) for
a contention-based procedure.

[0475] In other words, the granularity at which the prioritization level
and/or function may be applied can be according to at least one of the
following:

[0476] Initial transmission: The concerned transmission is only the
initial preamble transmission. As an example, the WTRU may determine that
only the initial transmission of a preamble may be given a lower priority level
than other transmission(s) that may overlap at least partly in time with the

preamble, while the WTRU may determine that any retransmission(s) of the
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preamble for the concerned RACH procedure is given higher priority than
other transmission(s) that may overlap at least partly in time with the
preamble. In this case, the WTRU may then apply a first power allocation
method (e.g. it may apply scaling of the power, possibly even down to zero
level) to the transmission of the initial preamble when it determines that the
preamble may be given lower priority than other transmissions (e.g.
PUSCH/PUCCH), and otherwise it may apply a second power allocation
method such as a method applicable when the preamble does not collide with
a transmission or transmissions of another CG or such that power available to
the CG (or to the WTRU) may be available for the transmission of a preamble.
In some cases this may be done only when the preamble and the other
transmissions are associated to different groups of cells (e.g. different CGs or
MAC instances.)

[0477] Preamble transmission only: The concerned transmission may
include any of the preamble transmission for the concerned procedure.
Possibly, the transmission of msg3 (if applicable) may be treated as a separate
transmission from the perspective of applying a prioritization function
whereby the WTRU may determine how to handle such transmission
according to any approaches described herein. For example, how the WTRU
received the RAR (and/or its content) that includes the grant (and/or its
content) for msg3 transmission may determine how to handle such
transmission.

[0478] Msg3 transmission only: The concerned transmission may be only
the transmission, and retransmissions if any, of the msg3 for a contention-
based procedure. For example, transmission of msg3 on PUSCH for a serving
cell of a CG may have higher priority that a transmission on PUSCH for
another CG.

[0479]  Procedure-specific: The concerned transmission may include any of
the uplink transmissions associated to the concerned procedure, e.g. including
any preamble transmission as well as the transmission of msg3 (and any

retransmission, if needed).
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[0480] Different granularity may be associated as a function of how the
WTRU initiates the procedure, i.e. whether the preamble transmission is
triggered by the reception of a DCI on PDCCH (DL data arrival, e.g. preamble
transmission only) or whether it is initiated by the WTRU (RA-SR for UL data
arrival, e.g. procedure-specific).

[0481] As an example of the above method, the WTRU may assign a
lower priority to the initial transmission of a preamble than to other
transmissions (e.g. PUSCH/PUCCH) only in a case where the RACH
procedure was initiated by the reception of a DCI on PDCCH, if the WTRU
would be otherwise power-limited. In some cases this may be done only if the
WTRU determines that it may have insufficient processing time to adjust the
transmission power levels of the overlapping PUSCH/PUCCH transmission(s).
As a further example, the WTRU may scale (including down to zero level, or
may drop) the transmission power of the initial preamble transmission for a
PDCCH-initiated RACH procedure only if the time between the reception of
the DCI and the first PRACH occasion is less than or equal to a specific
amount of time (e.g. 6ms) and if the WTRU would be otherwise power-limited
due to the overlapping transmissions.

[0482] Different granularity may be associated as a function of what
MAC entity is associated with the procedure, e.g. whether the preamble
transmission 1s triggered for the PMAC (e.g. possibly for control plane
signaling using procedure-specific granularity) or for the SMAC (e.g. for
offload data using preamble transmission only).

[0483] Priority may be a function of a component of a function as
discussed further herein. In one example, the WTRU may allocate a higher
priority to one or more type(s) of transmission for a given CG as a function of a
sub-component of a procedure or a function.

[0484] In an example which may relate to msg3, the WTRU may allocate
a higher priority to any transmissions (e.g. including initial HARQ
transmissions and any HARQ retransmission) for PUSCH for a given CG
while contention resolution is ongoing for a contention-based random access

procedure (e.g. while the contention resolution timer is running) on the uplink
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resources of a serving cell of the concerned CG. The higher priority may be
allocated only for the special cell of a CG. The higher priority may be allocated
only for the PCell of the MCG. The WTRU may allocate transmission power
for transmission(s) on PUSCH up to a minimum guaranteed power, and
allocate remaining power (if any) first to such transmissions during that
period.

[0485] In an example which may relate to measurement reports, the
WTRU may allocate a higher priority to any transmissions (e.g. including
initial HARQ transmissions and any HARQ retransmission) for PUSCH for
the measurement reporting procedure. For example, this may be from the
time the measurement report is triggered or submitted to lower layers for
transmission until the WTRU receives positive HARQ feedback for the
corresponding transmission. A timer may also be introduced for this purpose.
The WTRU may allocate transmission power for transmission(s) on PUSCH
up to a minimum guaranteed power, and allocate remaining power (if any)
first to such transmissions during that period.

[0486] In an example which may relate to radio link problems, re-
establishment, and/or radio link failure (RLF) of the secondary cell group (S-
RLF), the WTRU may allocate a higher priority to any transmissions (e.g.
including initial HARQ transmissions and any HARQ retransmission) for
PUSCH while timer T310 (which is started when RRC receive an indication of
radio link problem from lower layers) is running. The WTRU may allocate
transmission power for transmission(s) on PUSCH up to a minimum
guaranteed power, and allocate remaining power (if any) first to such
transmissions during that period. The WTRU may perform a similar behavior
when timer T311 (which i1s started when the WTRU initiates the RRC
Connection re-establishment procedure) is running, although an alternative
would be that the WTRU releases any configuration for a SCG in such case.
[0487] The following discussion relates to determination of priority as
input to a prioritization function. In one approach, the WTRU may determine
a priority level (or order), and/or a prioritization function, dynamically. A

WTRU may determine a priority level as a function of a dynamic aspect. Such
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dynamic aspect may be the reception of downlink control signaling and/or the
WTRUs operational state (e.g. HARQ state, whether or not a specific function
e.g. SPS is activated, etc.). Such determination may additionally be a function
of one or more configuration aspect(s). Such configuration aspect may include
a configured grant (either for uplink transmission e.g. to determine the
priority level of a PUSCH transmission, or for downlink transmission e.g. to
determine the priority level of HARQ feedback). Such configuration aspect
may include any parameters related to the elements listed below, when
applicable.

[0488] The WTRU may determine the priority level applicable to
transmission(s) for a given TTI as a function of the received control signaling
and/or operational state of the WTRU, for example according to at least one of
the following:

[0489] Identity of control channel (e.g. (¢)PDCCH): Such priority level
or prioritization function may be a function of (the identity, or type of) a
control channel.

[0490] For example, the WTRU may determine that control signaling
received on a first PDCCH has higher priority level than control signaling
received on a second PDCCH for a given TTI. For example, in such case, the
WTRU would give highest priority to any uplink transmission associated to
any DCI (e.g. PUSCH, PRACH, HARQ A/N on PUCCH for SPS activation,)
received on the first PDCCH or associated to any corresponding downlink
transmissions (e.g. CSI and/or HARQ A/N on PUCCH).

[0491] For example, a grant (and/or a request) received on the PDCCH
of the PCell of the primary MAC instance may have higher priority that a
grant (and/or a request) received on the PDCCH of a special cell of a secondary
MAC instance. For example, a grant (and/or a request) received on the
PDCCH of a SCell of the primary MAC instance may have higher priority that
a grant (and/or a request) received on the PDCCH of a SCell of a secondary
MAUC instance.

[0492] For example, the WTRU may be configured explicitly such that a
PDCCH may have an explicit priority.
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[0493] For example, the WTRU may determine that control signaling
received on a PDCCH has a first priority level (e.g. higher than) while control
signaling received on ePDCCH may have a second priority level (lower than).
[0494] PDCCH search space: Such priority level or prioritization
function may be a function of the location of the first Control Channel Element
(CCE) of the DCI that the WTRU has successfully decoded by using the
applicable RNTI (e.g. C-RNTI). For example, the WTRU may determine that
different subsets of one or more CCEs represent different priority level for the
associated DCI. The latter may be a configuration aspect of the WTRU.
Possibly, such logical fragmentation of the resources of a control channel may
be only applicable to the WTRU-specific search space (WTRUSS).

[0495] For example, the WTRU may determine the set of resources that
corresponds to a WTRUSS for a given control channel. Additionally, the
WTRU may be configured such that it may determine the starting location
(first CCE) of a first subset of such WTRUSS as well as the number of
subsequent CCE(s) (if any) that corresponds to the concerned subset. The
WTRU may determine that CCEs that are part of the concerned WTRUSS but
that are not associated to such subset represent a second subset of the
WTRUSS. The WTRU may additionally determine (e.g. by configuration) that
the first subset is associated with a first priority level and that the second
subset is associated to a second priority level. In a subframe for which a
prioritization function is applicable, the WTRU may determine the priority of
a transmission associated with a successfully decoded DCI as a function of the
location of the DCI in the WTRUSS.

[0496] Carrier Field Indicator (CFI): Such priority level or prioritization
function may be a function of a field received in a DCI on a control channel.
[0497] For example, the WTRU may determine that control signaling
received for a specific serving cell may have higher priority level than control
signaling received for a second serving cell.

[0498] For example, the WTRU may determine that an uplink
transmission for a specific serving cell may have higher priority level than an

uplink transmission for a second serving cell.
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[0499] For example, the Carrier Field Indicator (CFI) may be allocated
to different serving cells such that a transmission associated to a cell with
lowest CFI has the highest priority level, and subsequent (in increasing order
of) CFI values are associated a lower priority level (in decreasing order of
priority level).

[0500] As an example of a combination with another aspect described
herein, the WTRU may determine such priority level in between cells with
uplink resources associated to a specific MAC entity by first applying the
highest levels to the MAC entity with highest priority. In particular, when the
CFT space 1s WT'RU-specific and common to all MAC entities of the concerned
WTRU.

[0501] One possible consequence is that any cell may be configured to
have highest priority when such prioritization level is applicable, assuming
that any cell may be assigned any CFI value. Also, the PCell of the primary
MAC entity and/or the special cell of the secondary MAC entity could be
excluded from such rule or may be assigned specific priorities by configuration
or by default.

[0502] TPC command: Such priority level or prioritization function may
be a function of a TPC command received in a DCI (from PDCCH or E-
PDCCH). The WTRU may apply a first prioritization function when the TPC
command field has a first value and a second prioritization function when the
TPC command field has a second value. For instance, the WTRU may
determine that a transmission associated to a DCI with a specific value of the
TPC field has a higher priority level than other transmissions. A transmission
associated to a DCI may include a PUSCH in case the DCI contains an UL
grant, or of PUCCH in case the DCI contains a DL assignment. Possibly, such
determination is only made if the DCI is received from a specific cell, or from a
cell of a specific MAC instance (say a primary MAC instance). Possibly, the
prioritization may be applied to all transmissions of the MAC instance from
which the DCI is received. Possibly, the prioritization may be applied until

reception of signaling indicating a change of prioritization function.
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[0503] In one example, reception of a TPC command field with value “3”
from a primary MAC instance may result in the determination that the
associated transmission has highest priority and/or that power sharing
between MAC instances is performed according to an absolute priority. The
WTRU may apply the TPC adjustment normally associated with the value “3”.
In another example, no such TPC adjustment is performed.

[0504] In another example, the WTRU may interpret a TPC command
as a priority indication if such TPC command is received from a specific type
of DCI or search space, such as if the TPC command is received from a DCI
format 3/3A or is received from a common search space. In this case, the
WTRU may still (or not) apply a TPC adjustment as per the legacy use of the
TPC command. Possibly, such interpretation of the TPC command in DCI
format 3/3A may be performed only if the WTRU also received at least one
TPC command in one or more DCI's in the same subframe, such as DCI’s
containing an uplink grant and/or a downlink assignment. In other words, the
TPC command received in DCI format 3/3A may be interpreted as a priority
indication only in case an uplink transmission (either PUCCH or PUSCH) is
dynamically scheduled in the same subframe.

[0505] In another example, reception of a TPC command field with value
“3” from a primary MAC instance in the DCI containing a DL assignment may
result in the determination that the number of coded symbols Q used for
HARQ A/N, in case HARQ A/N is sent over PUSCH, should be set to a higher
value maximizing the chances of successful detection at the eNB. Such value
may correspond, for instance, to 4 times the number of sub-carriers of the

PUSCH allocation. Alternatively, such value may correspond to a different

(e.g. higher) value ,fjff’:SQ_ACK applicable to this case, which may be provided by
higher layers.
[0506] This approach may allow, for instance, the MeNB to request that

a transmission of the primary MAC instance be assigned a higher priority to
maximize chances of successful transmission of critical information. Such
indication may override other prioritization rules such as those based on the

type of transmission.
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[0507] Serving Cell Index (servCell-index): such priority level or
prioritization function may be a function of a configuration of the serving cell
index (or identity) associated to the cell with uplink resources associated to a
given MAC entity. This may be applicable in combination with a prioritization
rule between MAC instances.

[0508] For example, the WTRU may determine that control signaling
received for a specific serving cell may have higher priority level than control
signaling received for a second serving cell as a function of the associated cell
index and/or MAC entity.

[0509] For example, the WTRU may determine that an uplink
transmission for a specific serving cell may have higher priority level than an
uplink transmission for a second serving cell as a function of the associated
cell index and/or MAC entity.

[0510] For example, the serving cell index may be allocated to different
serving cells such that a transmission associated to a cell with lowest index
has the highest priority level, and subsequent (in increasing order of) index
values are associated a lower priority level (in decreasing order of priority
level).

[0511] As an example of a combination with another aspect described
herein, the WTRU may determine such priority level in between cells with
uplink resources associated to a specific MAC entity by first applying the
highest levels to the MAC entity with highest priority. In particular, when the
serving cell index space is WTRU-specific and common to all MAC entities of
the concerned WTRU.

[0512] One possible consequence is that the PCell of the primary MAC
instance would have highest priority when such prioritization level is
applicable, assuming that it remains with zero value by default. If the index of
the PCell of the primary MAC instance may be configured, then the cell could
be given flexible priority level by configuration.

[0513] Explicit indication (e.g. function/parameter set index) / flag (e.g.

normal, absolute priority): such priority level or prioritization function may
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be a function of an indication in a DCI associated with the concerned
transmission.

[0514] For example, the WTRU may receive a DCI that includes a grant
for an uplink transmission and control bit(s) that indicates e.g. that the
corresponding uplink transmission has absolute/highest priority (1 bit), that it
has a priority level within a given range (e.g. multiple bits given the level as
well as the range), that it should be handled according to a given prioritization
function (e.g. multiple bits indicating the function) or that it may be
transmitted using an alternative grant according to the indicated
configuration (e.g. multiple bits indicating an index to an alternative grant).
[0515] This may be useful if control plane signaling is only transmitted
in the uplink of a cell associated to a primary MAC entity (i.e. towards the
MeNB), and if a WTRU is otherwise assuming that transmissions on a cell
associated to a secondary MAC entity (i.e. towards a SeNB) has higher
priority.

[0516] For example, the WTRU may receive a DCI that includes a
downlink assignment for a transmission with control bit(s) that indicates e.g.
that the corresponding uplink transmission for HARQ feedback has
absolute/highest priority (1 bit), that it has a priority level within a given
range (e.g. multiple bits given the level as well as the range), that it should be
handled according to a given prioritization function (e.g. multiple bits
indicating the function).

[0517] This may be useful if control plane signaling is only transmitted
in the downlink of a cell associated to a primary MAC entity (i.e. towards the
MeNB), and if a WTRU is otherwise assuming that transmissions on a cell
associated to a secondary MAC entity (i.e. towards a SeNB) has higher
priority.

[0518] For the purpose of explicit indication, a new field may be defined
in a new or existing DCI format. Alternatively, it may be possible to overload
an existing field, such that at least one value of such existing field may be
interpreted as a priority indication. For instance, one may overload the

“frequency hopping” field of DCI format 0 or DCI format 4, such that a specific
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value of this field is interpreted as an indication of high priority. In this case
the existing interpretation of the frequency hopping field may not be followed.
[0519] In case an explicit indication (including possibly an indication
from a TPC command) i1s received in both MAC entities in a given subframe,
and both MAC entities indicate a high priority, the WTRU may determine
which of the MAC entities will have high priority, based on a pre-defined
priority rule (e.g. primary MAC entity has priority) or another priority rule.
[0520] Associated MAC entity (e.g. Primary, Secondary): Such priority
level or prioritization function may be a function of the identity of the MAC
entity associated to the concerned transmission.

[0521] For example, the WTRU may receive a grant on a PDCCH that
schedules an uplink transmission that is associated with a serving cell that is
applicable to a specific MAC entity (for the uplink). For such transmission i.e.
PUSCH, the priority level may be higher for a primary MAC entity than for
other transmissions associated to a cell of another MAC entity.

[0522] This may be useful if only control plane signaling is transmitted
in the uplink of a cell associated to a MeNB.

[0523] For example, the WT'RU may determine that it should transmit a
signal (e.g. HARQ feedback on PUCCH, D-SR, or a preamble) in the uplink of
a serving cell, which cell is associated to a primary MAC entity. For such
signals, the priority level may be higher for a primary MAC entity than for
other transmissions associated to a cell of another MAC entity.

[0524] This may be useful if only control plane signaling is transmitted
in the downlink of a cell associated to a MeNB.

[0525] Type of grant (e.g. semi-persistent, dynamic, alternative grant):
Such priority level or prioritization function may be a function of the type of
the applicable grant, for example, semi-persistent, dynamic, or alternative
grant.

[0526] For example, the WTRU may give higher priority to a configured
grant than to a dynamically scheduled grant, if the grant received on the
PDCCH does not otherwise override the configured grant. In other words, a

priority rule may be associated to a subframe that may be periodically
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recurring as a function of the activation of a configured grant (uplink semi-
persistent scheduling).

[0527] This could be useful to implicitly give higher priority to a SPS
grant used for VoiP in the uplink of a cell of a primary MAC entity (e.g. a
macro cell of the MeNB) when the WTRU receives a grant for a transmission
for the secondary MAC instance (i.e. towards the SeNB).

[0528] Type of transmission (e.g. adaptive synchronous, non-adaptive
synchronous): Such priority level or prioritization function may be a function
of the type of transmission, for example, adaptive synchronous or non-
adaptive synchronous.

[0529] For example, the WTRU may associate a priority level to a grant
and/or to a corresponding transport block. For HARQ retransmissions for the
concerned transport block, the WTRU may determine a first priority level (e.g.
a lower priority) to a WTRU-autonomous, synchronous non-adaptive
retransmission while it may determine a second priority level (e.g. a higher
priority) to a dynamically scheduled, synchronous adaptive retransmission.
Possibly, in the latter case, only if the corresponding control scheduling
includes an explicit indication of the priority level.

[0530] This could be useful to ensure that a transmission for which a
WTRU has actually received downlink control signaling has a higher priority
level than otherwise, e.g. in case PDCCH misdetection may be an issue (for
example, at the edge of a cell of the secondary MAC instance).

[0531] Type of HARQ transmission (e.g. initial, retransmission): Such
priority level or prioritization function may be a function of the HARQ
transmission, for example, initial transmission or retransmission.

[0532] For example, the WTRU may associate a priority level to a HARQ
process e.g. at the time of the initial transmission for the concerned HARQ
process. Possibly, such associated priority level may be modified for the
ongoing process as a function of another event, e.g. reception of control
signaling for an adaptive retransmission that indicates a higher priority level
than the level determine in a previous HARQ transmission for the concerned

process. For example, the WTRU may determine that a grant for an initial
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HARQ transmission for a first transport block may be given a higher priority
level than e.g. a grant for an adaptive retransmission or a non-adaptive
retransmission for a second transport block, possibly for which the
corresponding initial transmission had a lower priority level. For example, the
WTRU may determine the relative priority level between a grant for an initial
HARQ transmission and a HARQ retransmission by comparing the priority
level of the corresponding initial transmission for the respective ongoing
HARQ process.

[0533] As another example, the WTRU may determine that the priority
level associated with the previous transmission for a given HARQ process is
extended to the next HARQ transmission for the same transport block, unless
the WTRU determines that a different priority level should be applied (e.g.
according to any of the approaches described herein).

[0534] In an example approach, in case of resegmentation for a
retransmission, the extension of the priority may apply to any transmission
that may contain a segment of the data included in the resegmented
transmission unit.

[0535] This could be useful to ensure that a transmission that initially
benefits from some priority can continue with such priority until it either
succeeds or fail in either the DL offload or the DL throughput cases.

[0536] HARQ process identity (e.g. range of TTIs, ongoing process):
Such priority level or prioritization function may be a function of the timing of
the HARQ process that handles the transmission.

[0537] For example, the WTRU may implement rules such that in a
given (possibly configurable) set of TTIs (e.g. first TTI of a radio frame or
subframe #0) any uplink transmission(s) associated to the primary MAC
entity is associated to a higher priority level while for a second set (possibly
configurable) of TTIs (e.g. the other TTIs in the radio frame or subframe #1-
#9) any uplink transmission(s) associated to the secondary MAC entity is
associated to a lower priority level. Possibly, in the configuration, all

subframes may refer to timing associated to a single MAC entity.
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[0538] Alternatively, the WTRU may receive control signaling that sets
a specific priority to a given HARQ process and/or TTI. Such control signaling
may activate such priority. Such priority may be time-limited such as until the
WTRU receives further control signaling that deactivates the non-default
priority. Possibly, such signaling may only be applicable to a single MAC
entity (e.g. it may be controlled by a single eNB).

[0539] Number of transmission for the concerned HARQ process
(threshold): Such priority level or prioritization function may be a function of
the number of transmissions for a HARQ process.

[0540] For example, the WTRU may determine that for a given HARQ
process, if the number of HARQ transmissions reaches the maximum number
of HARQ transmissions minus X (where X may be a configuration aspect), the
WTRU may determine that any subsequent transmission(s) for the concerned
HARQ process may have a higher priority level. Possibly, only if one or more
prioritization functions have been applied to at least one transmission for this
HARQ process. Possibly, only for a subset of the HARQ processes, which
subset may be a configuration aspect of the WTRU. In other words, some (or
all) HARQ processes may be configured such that the priority level associated
to the corresponding transmission may vary as the number of retransmissions
increase. Possibly, this may be configured per serving cell, of for all cells of a
given MAC entity, or for all cells of the WTRU’s configuration.

[0541] Redundancy version (RV) for the HARQ transmission (e.g. 0-4):
Similarly as for the number of transmission for the HARQ process as
described above, such priority level or prioritization function may be a
function of the RV applicable for the concerned transmissions. For example,
the WTRU may determine that the priority level of a transmission increases
as it cycles through the sequence of RV for each HARQ transmissions.
Alternatively, a specific priority may be associated to a specific redundancy
version index.

[0542] Type of data / signal for the transmission (UP/CP vs UCI, HARQ
A/N vs D-SR vs SRS, PMI/CQI/RI): Such priority level or prioritization

function may be a function of the type of data that is included in the concerned

-124-



transmission. For example, the WTRU may determine that a transmission
that includes control plane data (i.e. from SRB) has higher priority than a
transmission of user plane data (e.g. for either a primary or a secondary MAC
entity) or than transmission of HARQ A/N feedback on PUCCH (e.g. for a
secondary MAC entity).
[0543] Such priority level or prioritization function may be a function of
the type of signal for the concerned transmission. For example, the WTRU
may determine that a transmission for HARQ A/N feedback (either on
PUCCH or on PUSCH) has higher priority than any other transmissions.
[0544] For example, the WTRU may determine that the priority levels
are according to the following (in decreasing priority order):

PUCCH that includes HARQ A/N feedback;

PUSCH that includes HARQ A/N feedback;

PUSCH that includes control plane signaling;

Preamble on PRACH;

PUCCH that includes SR;

UCI on PUCCH;

UCI on PUSCH;

PUSCH that includes user plane data;

SRS.
[0545] As an example of a combination with another approach herein,
the WTRU may determine that the priority levels are according to the
following (in decreasing priority order):

PUCCH that includes HARQ A/N feedback, for PCell of Primary MAC

entity;

PUSCH that includes HARQ A/N feedback, for PCell of Primary MAC

entity;

PUSCH that includes control plane signaling, for PCell of Primary MAC

entity;

Preamble on PRACH, for PCell of Primary MAC entity;

HARQ A/N and/or UCI on PUCCH, Secondary MAC entity;

HARQ A/N and/or UCI on PUSCH, Secondary MAC entity;
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PUSCH that includes user plane data, for any cell of the Secondary

MAC entity;

Preamble on PRACH, for any cell of Secondary MAC entity;

PUSCH that includes user plane data, for any cell of the Primary MAC

entity;

Any other type of transmissions (e.g. UCI, SRS) on any configured

serving cell.
[0546] Type of data in the transport block for the transmission
(RRC/NAS PDU, RRC procedure, SRB vs DRB, RB_id): Such priority level or
prioritization function may be a function of the type of bearer that is
associated with the data included in the uplink transmission.
[0547] For example, the WTRU may determine that a transmission
associated to control plane data, e.g. for transport blocks that include data
from a SRB, has a higher priority level than any user plane data.
[0548] This could be useful to ensure that control plane signaling always
have priority in any scenario.
[0549] RNTI used to decode DCI (e.g. first and second RNTI have
different priority levels: Such priority level or prioritization function may be a
function of the RNTI used to successfully decode a DCI on PDCCH. For
example, the WTRU may attempt to decode DCIs using a plurality of RNTIs
(possibly configured) such that a first RNTI indicates a higher priority level
while a second DCI indicates a lower priority level. In another possibility, a
standalone priority indication may be included in a new or modified DCI
format decoded with a specific RNTI.
[0550] Aggregation level (e.g. AL8 may indicate higher priority level):
Such priority level or prioritization function may be a function of the
aggregation level associated to a successfully decoded DCI on PDCCH. For
example, the WTRU may determine that a DCI decoded with the highest
applicable AL indicates a higher priority level while other AL indicates a
lower priority level.
[0551] Type of physical channel / signal (PUCCH vs PUSCH, SRS, D-

SR, PRACH): Such priority level or prioritization function may be a function
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of the type of physical channel associated with the transmission. For example,
the WTRU may determine that any PUCCH transmission has higher priority
level than other types of transmissions. For example, the WTRU may
determine that any SRS transmission has a lower priority level.

[0552] Type of trigger that initiated the transmission: Such priority
level or prioritization function may be a function of the event following which
the WTRU has initiated the transmission.

[0553] For example, the WTRU may determine that the transmission (or
retransmission) of a first preamble associated to a contention-free random
access procedure (e.g. such as initiated from the reception of a DCI from the
network) has higher priority than the transmission of a second preamble
associated to a contention-based random access procedure (e.g. such as
initiated autonomously by the WTRU from a scheduling request). In such
case, the WTRU may determine that it should perform the transmission of the
first preamble according to any applicable control information, while the
transmission of the second preamble may be postponed to a subsequent
PRACH occasion.

[0554] Determination that scaling would be required: Such priority
level or prioritization function may be a function of whether power scaling
would need to be applied or not applied based on the selected transmission.
For instance, a WTRU may determine that scaling may be applied on a
PUSCH transmission containing UCI or a specific type of UCI (e.g. HARQ
A/N) in a certain subframe. In this case, the WTRU may determine that such
UCI or HARQ A/N is transmitted over PUCCH instead of PUSCH, and drop
the PUSCH transmission. Possibly, such determination may be subject to the
additional condition that the WTRU determines that scaling would not need to
be applied on the PUCCH transmission. The PUCCH resource used in this
case may be the resource tied to the DL assignment according to existing rules
for the case of no PUSCH transmission.

[0555] Amount of power backoff required (MPR, A-MPR): Such
priority level or prioritization function may be based on the amount of power

backoff required. For example, the WTRU may determine that a certain
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amount of power backoff (e.g. MPR) is required for transmissions associated to
a first MAC entity and another amount for transmissions associated to a
second MAC entity; it may determine to prioritize transmission(s) associated
to the MAC entity that requires the largest amount. Possibly, only if the
resulting power allocated is above a certain threshold.

[0556] Furthermore, it should be noted that such priority level may be a
function of any combination of the above.

[0557] In one approach, the WTRU may determine the priority level or
prioritization function applicable to transmission(s) for a given TTI as a
function of configurable rules.

[0558] In one approach, the WTRU may be configured with a (possibly
semi-static) priority for uplink transmissions. Such priority may be applicable
for uplink transmissions between different MAC instances. For example, the
WTRU may be configured such that in a given transmission time interval
(T'TI), the WTRU always prioritizes an uplink transmission associated to the
Uu interface of the MeNB (herein referred to as the primary MAC entity). For
example, such priority may be configured by physical channel type (e.g.
PUSCH, PUCCH, PRACH), signal type (e.g. SRS), type of content in a
transport block (e.g. SRB, DRB), by subframe configuration, or the like
(similarly as for elements described in dynamic rules below).

[0559] For example, a WTRU may be configured such that any uplink
transmission associated to a primary MAC entity has higher priority than
those associated to a secondary MAC instance. This could be useful in a DL
offload scenario where only control plane data is being scheduled by the MeNB
using the primary instance.

[0560] For example, a WTRU may be configured such that any uplink
transmission associated to a SRB has higher priority than those associated to
a DRB. This could be useful in a UL/DL throughput scenario.

[0561] For example, a WTRU may be configured such that any uplink
transmission associated to a SRB has higher priority than those associated to

any DRB, while any uplink transmission associated to a DRB of a secondary
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MAC entity and which DRB is only associated to the secondary MAC entity
has higher priority than other DRB(s).

[0562] This could be useful in a DL throughput scenario with L2
architecture 1A such that starvation may be avoided for such DRB. A MeNB
that determines that DL throughput is impacted possibly from such
prioritization may reconfigure the WTRU accordingly (the converse may not
be possible).

[0563] Static rules are described further herein.

[0564] In one approach, the WTRU may determine the priority level or
prioritization function applicable to transmission(s) for a given TTI as a
function of pre-defined rules.

[0565] For example, the WTRU may allocate a higher priority to the
transmissions of a HARQ process associated with a configured grant than to a
transmission associated to another process. For example, the WTRU may
perform power scaling such that a PUSCH transmission that is dynamically
scheduled for a HARQ process that is not associated with a configured grant is
allocated power after a process with a configured grant (whether or not the
transmission is adaptive).

[0566] For example, the WTRU may allocate a higher priority to the
transmissions of HARQ feedback for a HARQ process associated with a
configured assignment than to a transmission associated to another HARQ
process. For example, the WTRU may perform power scaling such that a
transmission that includes HARQ feedback for a HARQ process that is not
associated with a configured grant is allocated power after a transmission that
includes HARQ feedback for a process with a configured assignment (whether
or not the downlink transmission was adaptive).

[0567] Precedence between priority rules and prioritization functions is
described further herein.

[0568] In case 1t 1s not possible to differentiate between two
transmissions according to a first priority rule, a second priority rule may be
utilized to determine which of the two transmissions is prioritized, according

to a pre-determined precedence order between priority rules. For instance, a
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first priority rule may be to prioritize a transmission that includes HARQ A/N
feedback. In case two transmissions carry HARQ A/N feedback, the prioritized
transmission may be determined according to a second priority rule which
may be to prioritize a transmission associated to a primary MAC entity over a
transmission associated to a secondary MAC entity. In the above case the
priority rule based on carrying of HARQ A/N feedback has precedence over the
priority rule based on associated MAC instance. It would also be possible that
the priority is determined first based on associated MAC instance, and only if
the associated MAC instance is the same the priority is then determined
according to whether the transmissions carry HARQ A/N.

[0569] In one example, a first priority rule may be based on a type of
transmission and/or type of UCI, such as whether a transmission carries
HARQ A/N in PUCCH or PUSCH. In case two transmissions from different
MAC instances (or cell groups) have equal priority with respect to the first
priority rule (e.g. both carry HARQ A/N, or both carry HARQ A/N over the
same physical channel), the prioritized transmission may be selected
according to at least one of:

a. Signaling or configuration from the network. For instance, the
WTRU may be receive an indication from higher layers of which
cell group’s transmission is prioritized in this case. In another
example, the WTRU may determine the priority based on a
downlink control information field associated to one of the
transmissions. For instance, the WTRU may prioritize a
transmission of a primary MAC instance (MCG) if the TPC field
of the associated grant or assignment indicates an increase of
power, and a secondary MAC instance (SCG) otherwise.

b. The values of other parameters that may be related to power
prioritization. For instance, the transmission selected for
prioritization may be the one associated to the cell group for
which the highest, or the lowest, amount of guaranteed power is
configured. In another example, the transmission selected for

prioritization may be the one taking place on the serving cell
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e.

which has the lowest (or highest) cell identity (PCI), the lowest
(or highest) serving cell identity, or the lowest (or highest)
frequency (or E-ARFCN).

The amount of UCI information bits in the transmission (CSI
and/or HARQ-A/N information).

The transmission timing. For instance, the WTRU may prioritize
the earliest (or the latest) between the two transmissions.

A function of at least one amount of power that may be associated
to the transmissions to be prioritized, in absolute units (linear) or
relative to a configured maximum power, such as an amount of
desired (or required) power, a portion of power allocated from the
guaranteed power, a portion of the non-guaranteed power that is
still available, or an amount of power that would be allocated if a
transmission would be prioritized. For instance, the following
quantities could be used:

1. The difference between the desired power and the
allocated power for each transmission (i.e., the “missing
power”), either in linear or in dB terms, that would exist
assuming that one transmission was prioritized over the
other. For instance, the WTRU may select the
transmission such that the minimum value between the
missing powers 1s the smallest possible, thus maximizing
the probability that at least one transmission is successful.
For instance, if the missing powers of both transmissions
would be 0 dB and 3 dB if a first transmission would be
prioritized, and the missing powers would be 1 dB and 1.5
dB if a second transmission would be prioritized, the
WTRU may determine that the first transmission is
prioritized. Alternatively, the WTRU may select the
transmission such that the maximum value between the
missing powers is the smallest possible. Using the same

example as above, the WTRU would then determine that
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the second transmission is prioritized.

1. The amount of desired power of the transmission, possibly
net of any portion already allocated from a guaranteed
power. For instance, the WTRU may prioritize the
transmission for which the desired power is the smallest
(or the largest).

[0570] In another example, a first prioritization function, such as MAC
sharing based on guaranteed available power, may be applied only in a case
where the same priority (e.g. between MAC instances) is determined according
to a second prioritization function. For instance, the second prioritization
function may determine priority based on whether a HARQ A/N is included in
a transmission of a MAC instance.

[0571] Additional power headroom report (PHR) triggers are discussed
further herein.

[0572] In an example approach, PHR may be triggered as a consequence
of insufficient transmit power resulting from concurrent scheduling.

[0573] More specifically, the WTRU may trigger a PHR if it determines
that it has insufficient available power. Possibly, the WTRU may trigger a
PHR only if the WTRU performs transmissions that at least partly overlap
between two subset of transmissions, e.g. between transmissions associated to
different CGs. Possibly, the WTRU may trigger a PHR only if such
transmissions correspond to the same subframe in both CGs.

[0574] PHR trigger condition may be based on insufficient available
power or due to scaling event: The WTRU may trigger the PHR if it
determines that it should perform scaling of power to at least one
transmission. Possibly, the WTRU only triggers PHR where such scaling is
performed if the WTRU performs transmissions that at least partly overlap
between two subset of transmissions, e.g. between transmissions associated to
different CGs. Possibly, the WTRU may trigger a PHR only if such
transmissions correspond to the same subframe in both CGs. Possibly, the
WTRU may trigger a PHR only if scaling occurs because the WTRU would

have otherwise exceeded the total available transmission power for the
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WTRU.

[0575] The terms “Scaling event” or “determination of insufficient
power” may be used interchangeably in methods below: In the description of
methods below either a scaling event or determination that power is
insufficient may be used interchangeably. When a method refers to a scaling
event, it is understood that the method is equally applicable to a trigger based
on determination that power is insufficient, and vice-versa. It is understood
that those methods may be also equally applicable with any other
prioritization function described herein. Methods described herein may be
used by themselves or in different combinations.

[0576] Trigger may be conditional to the definition of insufficient power
—e.g. total WTRU power is exceeded: In one method, the WTRU may trigger
such PHR only if it determines that the required transmission power for all
transmissions of the WTRU for the concerned subframe exceeds the total
WTRU available power.

[0577] Example with P_MeNB and P_SeNB has maximum power per
CG: For example, the WTRU may be configured with a maximum transmit
power for different subsets of transmissions (or cells) i.e. the WTRU has a
maximum available transmission power per CG. The sum of the maximum
allocated for each may exceed the total available WTRU power. In this case,
the WTRU may trigger a PHR only if the power required in each subset does
not exceed its maximum allocation but the sum of the required power across
all transmissions of the WTRU exceeds the total available WTRU power. In
other words, the WTRU may have insufficient power to allocate to a subset of
transmissions (e.g. power available per CG may be insufficient) but the WTRU
may not trigger a PHR if the total WTRU available power is not exceeded.
[0578] Example with P_MeNB (and optionally P_SeNB) as minimum
guaranteed power per CG: For example, the WTRU may be configured with a
minimum guaranteed power for at least one subset of transmissions (or cells)
1.e. the WTRU may have a minimum guaranteed available transmission power
for at least one CG. In this case, the WTRU may trigger a PHR only if the sum

of the required power across all transmissions of the WTRU exceeds the total
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available WTRU power.

[0579] A PHR trigger may be conditional to specific criterion that
increased the power requirement — e.g. scheduling. In one method, a PHR
may be triggered if power-limited/scaling occurs and a power requirement
increases.

[0580] The WTRU may trigger a PHR only on a condition that it
determines that it has insufficient available power (or that power scaling was
applied) due to an increase in the required power for at least one CG.

[0581] For example, the WTRU may determine that the increase in
power requirement for a CG is mainly due to scheduling requirement from
control signaling received for the concerned CG, and not mainly due to a
change in pathloss (e.g. the change in pathloss estimation did not exceed a
threshold e.g. similar to the condition for the PHR trigger due to change in
pathloss). For example, the WTRU may be scheduled for transmissions with
increased number of PRBs, such that power requirement is exceeded for the
WTRU at least in part due to such increase.

[0582] PHR triggered if a power requirement increases by a certain
amount: For example, the WTRU may determine that the power requirement
of a CG has increased by a certain amount. The WTRU may consider the
difference in power used from one subframe to another, or over a certain
period (e.g. using a window-based mechanism) during which the WTRU is
scheduled for transmissions in the CG. For instance, the WTRU may consider
an average over the window or a maximum value over the window. Possibly,
the period may correspond to the period since the last time PHR was triggered
or transmitted, or alternatively a period corresponding to the last N
subframes where N may be fixed or configured. Possibly, the WTRU may only
consider subframes in which it performs transmissions. Possibly, only for such
subframes in which the WTRU is scheduled for transmissions in both CG. The
threshold used by the WTRU to determine that power for a CG has increased
such that the WTRU should trigger a PHR may be a configuration aspect of
the WTRU. The reference value for the increase may correspond to the value

at the time PHR was last triggered or was last reported, or may be a
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configured value.

[0583] PHR triggered if a power requirement increases to a certain
level: For example, the WTRU may determine that the power requirement of
a CG has increased beyond a certain value in a given subframe or during a
certain period (e.g. by tracking power using using a moving average). Possibly,
the WTRU may only consider subframes in which it performs transmissions.
Possibly, only for such subframes in which the WTRU is scheduled for
transmissions in both CG. Possibly, the threshold used by the WTRU may also
be a configurable aspect. Possibly, the threshold used by the WTRU may
correspond to the amount of reserved power for the concerned CG e.g. the
WTRU triggers such PHR when it determines that the power requirement for
the CG exceeds the minimum guaranteed power for the CG.

[0584] Methods for determining an increase in power requirements or
power requirement level: Possibly, for any of the above, the WITRU may
consider only the power allocated to transmission(s) associated to a subset of
transmissions, such as transmissions of a certain physical channel or signal or
for certain serving cells. For instance, the WTRU may consider PUSCH
transmissions only, or PUSCH and PUCCH transmissions only. Possibly, for
any of the above, the WTRU may consider only the power allocated to
transmission(s) that are dynamically scheduled. Possibly, for any of the above,
the WTRU may consider an increase in power requirement based on the
amount of increase in total bandwidth (or number of resource blocks), for
PUSCH transmissions, or in a factor related to the modulation and coding
(Delta_TF) or format of the PUSCH or PUCCH transmission, or a factor
related to a TPC command (or accumulation thereof) for the PUSCH or
PUCCH transmission. Possibly, for any of the above, the WTRU may consider
an increase in power requirement based on an increase of downlink path loss
estimate. The WTRU may consider a potential increase in power requirement
based on an increase of configured maximum power per cell or a configured
maximum power per cell group. Possibly, for any of the above, the WTRU may
determine a power requirement based on a power headroom or a virtual power

headroom, and correspondingly consider an increase in power requirement
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based on a reduction in power headroom or a reduction in virtual power
headroom.

[0585] For any of the above, the WI'RU may consider the total power
requirements from transmissions of all serving cells of the CG. Alternatively,
the WTRU may consider the power requirements from each cell of the CG
separately and trigger PHR if the condition is met for at least one of the cells.
Alternatively, the WTRU may consider an average power requirement.

[0586] PHR may be triggered from decrease in power requirement: In
some solutions, the WTRU may trigger PHR if the power requirement of a CG
has decreased by a certain amount. The WTRU may use any metrics or
criteria described herein for determining the power requirement, however the
trigger may occur upon a determination of decrease of power requirement
instead of an increase. If the power requirement of the cell group is
determined from power headroom, the trigger may then occur when the power
headroom increases.

[0587] PHR is triggered as a function of the amount of scaling applied,
or amount by which available power is exceeded: Possibly, the WTRU may
trigger such PHR only if the amount of scaling applied exceeds a specific
value.

[0588] PHR may be triggered only if the power situation is non-
transient: Possibly, the WTRU may trigger such PHR only if scaling has
occurred (or if power has been insufficient) for a certain period of time that
exceeds a specific amount of time, or for a number of subframes in which the
WTRU had overlapping transmissions that exceed a specific number of
subframes, i.e. such that the condition for triggering the PHR is not transient
but persistent. Such specific value may be either specified or configured (e.g.
using a timer). Such value may be set to 1 subframe (or 1 ms) such that a
single event may trigger the PHR, or set to O to disable such PHR trigger. The
WTRU’s count in this case may be reset for any transmission of a PHR (or for
any trigger) for the concerned CG(s).

[0589] PHR may be triggered to both CGs, or a single CG: Possibly, a
PHR is triggered for both CGs. Possibly, the WTRU may perform additional
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processing to determine whether a PHR is triggered towards one CG only or
both. For example, the WTRU may trigger a PHR for both CG as a result of
any type of scaling event. For example, the WTRU may trigger a PHR for a
second CG when it scales the power (possibly even down to 0) of at least one
transmission associated to a first CG. For example, the WTRU may trigger a
PHR for both CGs when it scales the power (possibly even down to 0) of at
least one transmission associated to each CG. Possibly, if the WTRU
determines that scaling was applied due to an increase in power required for
transmissions for one CG, the WTRU triggers the PHR only for that CG. For
all cases, optionally the WTRU may trigger the PHR for the concerned CG
only if the associated prohibit timer is not running. A prohibit timer may be
associated to a specific PHR type and/or trigger.

[0590] The PHR trigger may be cancelled once a PHR is transmitted.
Possibly, such trigger may be cancelled earlier if the WTRU determines in a
subframe subsequent to the one that triggered the PHR that the condition
that triggered the PHR is no longer met, e.g. that power scaling is not applied
while both CGs are performing uplink transmissions that overlap, and
possibly only if there is at least one PUSCH transmission for each CG in the
concerned subframe.

[0591] Possibly, PHR is triggered as a consequence of insufficient
transmit power resulting from concurrent scheduling only if WTRU
functionality is impacted negatively.

[0592] The WTRU may apply a prioritization function such that the
resulting outcome impairs the WTRU from performing another function.
[0593] In an example approach, PHR may be triggered in a second MAC
entity following SR failure in first MAC entity.

[0594] For example, such function may be one of a scheduling request
e.g. transmission of SR on PUCCH failed and at least one of: the WTRU has
scaled the transmission power for at least one of the transmission attempt(s)
and/or dropped the transmission. Alternatively, it may be any SR including

one performed using random access (RACH).
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[0595] In an example approach, PHR may be triggered in a second MAC
entity following HARQ failure in first MAC entity.

[0596] For example, such function may be a HARQ process that reaches
maximum number of transmissions (i.e. the process is unsuccessful) and at
least one of: the WTRU has scaled the transmission power for at least one of
the transmission attempt(s) and/or has dropped at least one of its associated
(re)transmissions and/or has used an alternative grant for the transmission of
a TB.

[0597] In an example approach, PHR may be triggered in a second MAC
entity following a determination that QoS not met in first MAC entity.

[0598] For example, such function may be a Logical Channel
Prioritization procedure that fails to meet the required prioritized bitrate and
at least one of: the WTRU has scaled the transmission power for at least one
of the transmission attempt(s) and/or has dropped at least one of its associated
(re)transmissions and/or has used an alternative grant for the transmission of
a TB. Possibly, over certain period of time e.g. integer multiple of a bucket
delay.

[0599] For example, such function may be the discarding of at least one
PDCP SDU due to the expiration of the associated PDCP Discard Timer and
at least one of: the WTRU has scaled the transmission power for at least one
of the transmission attempt(s) and/or has dropped at least one of its associated
(re)transmissions and/or has used an alternative grant for the transmission of
a TB. Possibly, when a certain number of SDUs have been discarded over a
specific period of time.

[0600] For example, such function may be the state of the WTRU’s
buffers, such as when the head of queue delay (or when the oldest SDU in the
PDCP buffer) becomes larger than a specific threshold. This may be based on
the SDU Discard Timer reaching a specific value. In another approach, this
may be based on the average value of the SDU Discard Timer at the time
where the SDU is removed from the queue (including due to successful
transmission and due to discard events) and maintained for all SDUs in the

WTRU’s buffer; the WTRU may determine that further action(s) is needed
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when such average exceeds a specific threshold (e.g. the time of stay in the
WTRU’s buffer is generally increasing beyond a certain limit). Possibly, when
computer over a specific period of time. Possibly, when combined with at least
one of: the WTRU has scaled the transmission power for at least one of the
transmission attempt(s) and/or has dropped at least one of its associated
(re)transmissions and/or has used an alternative grant for the transmission of
a TB.

[0601] For example, such function may be the state of the WTRU’s
buffers, for example where the amount of data in the WI'RU’s buffer becomes
larger than a specific threshold. This may be based on the reported BSR
reaching a specific value (possibly in terms of the sum for all configured
LCGs). In another approach, this may be based on the rate at which the data
accumulates in the WTRU’s buffer is generally increasing beyond a certain
limit). Possibly, when computer over a specific period of time. Possibly, when
combined with at least one of: the WI'RU has scaled the transmission power
for at least one of the transmission attempt(s) and/or has dropped at least one
of its associated (re)transmissions and/or has used an alternative grant for the
transmission of a TB.

[0602] In an example approach, PHR may be triggered upon change of
prioritization function or associated parameters. For example, the WTRU
may receive physical layer, MAC signaling or RRC signaling indicating a
change of parameter(s) affecting power sharing between MAC instances, such
as a set of guaranteed available power(s) for at least one MAC instance. In
another example, the WTRU may receive signaling indicating a change of
prioritization function, such as from power sharing between MAC instances
performed according to an absolute priority to power sharing between MAC
instances performed based on a guaranteed available power, or vice versa. In
another example, the WTRU may reduce or increase a guaranteed available
power for at least one MAC instance as a result of determining that at least
one bearer does not meet a QoS criterion, as described herein (PHR may be
triggered upon change of priority between MAC instances and scaling may be

applied.)
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[0603] In an example approach, PHR may be triggered upon change of
priority between MAC entity and with the condition that the WTRU applies a
prioritization function. For example, the WTRU may receive physical layer
signaling or MAC signaling indicating a change of parameter(s) affecting
power sharing between MAC instances, such that absolute priority is assigned
to a specific MAC instance. The WTRU may trigger a PHR if a prioritization
function is required such that power scaling is applied to the MAC instance
with lower priority in the first TTI subsequent to the reception of the control
signaling in which the WTRU performs at least one transmission associated to
each MAC instances. Possibly, the WTRU triggers the PHR in the TTI
corresponding to the concerned transmissions.

[0604] In another example, the WTRU may reduce or increase a
guaranteed available power for at least one MAC instance as a result of
determining that at least one bearer does not meet a QoS criterion, as
described herein above.

[0605] In an example approach, triggered reporting may include a PHR
report, or something else e.g. QoS satisfaction, UL Radio Link Problems, etc.
[0606] In any of the cases above, the WTRU may initiate a procedure
that reports some state to an eNB.

[0607] For example, the WTRU may trigger a PHR in a second MAC
entity if the WTRU determines that at least one of the above events has
occurred for a first MAC entity.

[0608] For example, the WTRU may trigger a PHR report for each of the
configured MAC entities when it receives a first grant following the initial
configuration of a secondary MAC entity. In one approach, the WIRU may
transmit a PHR report that includes a PH value computed based on all the
transmission(s) performed in the TTI corresponding to the transmission of the
PHR (i.e. using all received grants). Possibly, only if the WTRU performs at
least one transmission associated to each of the configured MAC entities. In
one approach, the WTRU may transmit a PHR report that includes PH
value(s) computed according to legacy approaches for the concerned first MAC

entity (the one associated with the transmission of the concerned PHR) and
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that additionally includes PH value(s) for a second MAC entity which values
are computed using a pseudo grant. Such grant may be a grant equivalent to
the one used for the transmission of the PHR, or a predefined grant. Possibly,
the same approach may be applied for the PHR associated to the second MAC
entity. For the latter case, the PHR is transmitted according to the principle
where (the WTRU reports its power situation if the same grant was used in
the same time instant for transmissions towards each eNB).

[0609] PHR reporting — When to transmit PHR may be a function of the
type of trigger: In legacy systems, where a PHR is triggered the WTRU may
include a PHR in the first subfame for which the WTRU has uplink resources
available for a transmission. With dual connectivity, where a PHR is
triggered, the WTRU may determine that the PHR may be transmitted in a

given subframe using more specific rules.

[0610] In one approach, the WTRU may determine in what subframe (or
using what uplink resources) it should include a PHR for a given trigger as a
function of the type of event that triggered the PHR (or PHR trigger). For
example, if the event that triggered the PHR is related to a change in the
power situation of the WTRU that may affect the power situation only for
transmissions in a single CG then the WTRU may include a PHR in the first
subframe for which it only has uplink resources for transmission(s) in that CG
(hereafter a “CG-specific PHR trigger”); otherwise, it may include a PHR only
in the first subframe for which it has uplink transmissions in both CGs
(hereafter a “WTRU-specific PHR trigger”). Examples of events that may be
considered to affect the power situation for both CGs include a configuration
received by the WTRU that modifies PHR reporting for both CG (e.g. such that
PHR reporting is enabled for both), a configuration that modifies the
prioritization function (e.g. a function for sharing power between CGs
changing between semi-static power split and dynamic power sharing) and/or
one or more parameters of the prioritization function used for power sharing
between CGs (e.g. P_MeNB, P_SeNB), determination of a change in the
synchronization between CGs (a change between synchronized and

asynchronous) and the like. Examples of events that may be considered to
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affect the power situation of a single CG include a configuration received by
the WTRU that modifies PHR reporting for that CG (such that PHR reporting
is enabled or reconfigured, and not disabled), a change in activation state for
one or more SCell(s) of the CG with configured uplink, the expiration of a CG-
specific periodicPHR-Timer, a change in the path loss for at least one cell of

the CG e.g. that triggers a PHR for the CG, and the like.

[0611] If multiple PHR triggers occur before any PHR can first be
transmitted, and if at least one is of the “CG-specific PHR trigger” type and at
least one is of the “WTRU-specific PHR trigger” type, the WTRU may perform
at least one of the following: The WTRU may include a PHR according to logic
associated to each PHR trigger, e.g. which may result in PHR being included
in multiple transmissions across more than one subframe. For example, in
this case the WTRU may perform PHR reporting in the first subframe for
which it only allocate power for transmissions associated to a single CG
(possibly, once for each CG in case there is at least one CG-specific trigger for
each CG) and also for in the first subframe for which it allocates power for at
least one transmission for each CGs. In this case, the result may be that the
WTRU would transmit PHR for the CG-specific trigger with value(s)
associated to the CG only as well as associated with both CGs by considering
“virtual transmission” parameters for the other CG, while the WTRU would
transmit PHR for the WTRU-specific trigger with value(s) associated to actual
transmissions in each CG. The WTRU may include a PHR according to logic
applicable to the first subframe for which the WTRU has uplink resources
available for transmissions. For example, in this case the WTRU would
perform PHR reporting according to the CG-specific trigger if the first
subframe with available wuplink resources for transmissions 1is for
transmission(s) a single CG. For example, in this case the WTRU would
perform PHR reporting according to the WTRU-specific trigger if the first
subframe with available uplink resources for transmissions is for at least one

transmission for each CG.

[0612] Prohibit timer for PHR type: The WTRU may support different

PHR types (e.g. formats). For example, one format may be used to report
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power information related to scheduling in a single CG while another format
may be used to report power information related to concurrent scheduling in
more than one CG. For each type, a different trigger may be defined.
[0613] Possibly, the WTRU may be configured with a prohibit timer (e.g.
to limit the frequency of the reporting mechanism) for a specific type of PHR.
For example, the WTRU may be configured to report PHR for concurrent
scheduling in more than one CG at most once per specific period, or
alternatively using a different restriction period than for another PHR type.
[0614] Periodic by PHR type: The WTRU may be configured to
periodically report PHR for a specific type. For example, the WTRU may be
configured to report PHR for concurrent scheduling in more than one CG only,
or alternatively using a different period than for another PHR type.
[0615] Reporting QoS not met: In an example, the WT'RU may trigger a
report related to QoS state for the concerned MAC entity (e.g. the victim MAC
entity for which one or more function(s) has not been successful). Such report
may be transmitted using resources associated to a second MAC entity (e.g.
the MAC entity).
[0616] In an example, a WTRU may initiate a notification procedure
For example, the WTRU may trigger a L3 notification procedure.
[0617] Another possible approach to handle D-SR is to not increment the
SR count is the transmission of SR on PUCCH may not be performed, e.g.
according to the following:
[0618] For this MAC entity, as long as one SR is pending, the WTRU
shall for each TTI:
if no UL-SCH resources are available for a transmission in this
TTI:
if the WTRU has no valid PUCCH resource for SR configured in
any TTI: initiate a Random Access procedure (see subclause 5.1) on the
PCell and cancel all pending SRs;
else if the WTRU has a valid PUCCH resource for SR configured
for this TTI and if this TTI is not part of a measurement gap and if sr-

ProhibitTimer is not running:
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if SR_COUNTER < dsr-TransMax:

increment SR_COUNTER by 1;

instruct the physical layer to signal the SR on PUCCH,;

if the WTRU can allocate sufficient power for the transmission of

SR on PUCCH 1in this TTI:

increment SR_COUNTER by 1;

start the sr-ProhibitTimer.

else:

notify RRC to release PUCCH/SRS for all serving cells;

clear any configured downlink assignments and uplink grants;

initiate a Random Access procedure (see subclause 5.1) on the

PCell and cancel all pending SRs.

[0619] Possibly, the above approach may be bounded in time. For
example, the WTRU may delay a D-SR transmission due to insufficient
available power only up to a maximum amount of time. The WTRU may thus
additionally consider that it has reached the maximum amount of D-SR
transmission attempts when the delay reaches or exceeds such maximum.
[0620] The following discussion relates to uplink control information
transmission approaches. In some approaches, transmission of UCI, or of
certain type of UCI such as HARQ, CSI or SR may be restricted to a subset of
subframes for a given MAC instance. Furthermore, the subsets of subframes
may be configured such that there is never simultaneous transmission of UCI
in two MAC instances, as will be shown in examples below. The restriction
may apply only to UCI, or to a subset of UCI (such as HARQ), while not
applying to other types of uplink transmissions such as PUSCH without UCI.
Alternatively the restriction may apply to all types of uplink transmissions.
This approach has the benefit of preventing scaling down the transmission
power of UCI for one (or both) of the MAC instances when the maximum
configured transmission power would be exceeded in a subframe. The
approach may be combined with approaches for prioritization wherein
transmissions carrying UCI or certain types of UCI are prioritized over

transmissions not carrying UCI, possibly irrespective of which MAC instance
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they pertain to. The restriction may be applied for either FDD or TDD, with
different configurations.

[0621] When a restriction is configured on UCI transmission for a MAC
instance, the timeline of HARQ feedback with respect to the PDSCH
transmission for which feedback is provided may be modified to allow for
continuous transmission in the DL. This is demonstrated in the following
example approaches.

[0622] In one example approach (for FDD), HARQ feedback may be
restricted to 4 out of 10 subframes for a MAC instance, where the 4 subframes
may occur in two consecutive pairs of subframes. For instance, in one MAC
instance the set of subframes configured for HARQ feedback may be the set {0,
1, 5, 6}. With this approach, for instance, subframe 0 may carry HARQ
feedback for PDSCH transmissions having occurred in subframes {3, 4} of the
previous frame, subframe 1 may carry HARQ feedback for PDSCH
transmissions having occurred in subframes {5, 6, 7} of the previous frame,
subframe 5 may carry HARQ feedback for transmissions having occurred in
subframes {8, 9} of the previous frame and subframe 0 of the current frame,
and subframe 6 may carry HARQ feedback for transmissions having occurred
in subframes {1, 2} of the current frame. Other arrangements are possible. In
a second MAC instance, the set of subframes configured for HARQ feedback
may be the set {2, 3, 7, 8} if subframe 0 of the second MAC instance starts
between the beginning and the end of subframe O of the first instance. This
configuration completely avoids simultaneous transmission of HARQ
feedback, even 1if transmissions from both MAC instances are not
synchronized at the subframe level.

[0623] In a second example approach (for FDD), HARQ feedback may be
restricted to 3 out of 8 subframes for a MAC instance, where the 3 subframes
may occur consecutively. With this type of approach, the subframes that may
be used for HARQ feedback (as well as other UCI) cannot be identified only
with a subframe number as these will change from one frame to another. The
pattern repeats over a period of multiple frames (e.g. 4 in this case), and may

be identified with an offset indicating the number of subframes between the
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start of a period of 4 frames (e.g. the beginning of a frame whose system frame
number divides 4) and the first subframe of a group of 3 subframes that are
configured to be used for HARQ feedback. Alternatively, the pattern may be
identified with a bitmap of 40 subframes. When this type of approach is
employed, the first subframe of a group may for instance carry HARQ
feedback for PDSCH transmissions having occurred 9, 8 and 7 subframes
earlier, the second subframe may carry HARQ feedback for PDSCH
transmissions having occurred 7, 6 and 5 subframes earlier (than the second
subframe) and the third subframe may carry HARQ feedback for PDSCH
transmissions having occurred 5 and 4 subframes earlier. This (and the
previous approach) may require an increase of the number of configured
HARQ processes for PDSCH to support continuous transmissions. Similar to
the previously described approach, the second MAC instance may be
configured with a similar pattern that is designed to completely avoid
simultaneous HARQ feedback transmission between MAC instances, even
when transmissions are not synchronized at subframe level. This can be
achieved provided that the pattern of the second MAC instance is offset by
between 3 and 4 subframes with respect to the pattern of the first MAC
instance (e.g. in case of synchronized system frame number and subframe 0 of
the second MAC instance starts between the start and the end of subframe 0
of the first MAC instance, the offset of the pattern of the second MAC instance
may correspond to the offset of the pattern of the first MAC instance, plus 3).

[0624] One potential benefit of the above arrangement is that all
(synchronous) retransmissions of PUSCH may occur either in subframes that
are configured to transmit HARQ A/N, or in subframes that are not configured
to transmit HARQ A/N. In case a higher priority is applied to transmissions
carrying UCI (or HARQ A/N) over transmissions not carrying UCI, all PUSCH
retransmissions for a HARQ process in the UL may have either a high priority
or a low priority. In case high-priority data (e.g. signaling or voice) needs to be
transmitted by the WTRU, the network may elect to schedule PUSCH in those
subframes configured for UCI transmission thus ensuring that any

retransmission would suffer minimally from possible scaling.
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[0625] Reporting functions for UL split bearers: A WTRU may be
configured with dual connectivity, i.e. with one or more cells associated to a
plurality of eNBs (e.g. one MeNB and one SeNB). In such case, the WTRU
may implement separate MAC entities, e.g. one for all cells associated to each
eNB in the WTRU’s configuration. A WTRU configured with dual connectivity
may also be configured with one or more Data Radio Bearers (DRB) which
DRB may be configured for uplink split. A WTRU may transmit data
associated to a DRB configured with UL split on either a cell of a first MAC
entity, of a second MAC entity, or both, either simultaneously or not.

[0626] In such case, the WTRU may be required to include a Buffer
Status Report (BSR) in one or more of its uplink transmissions e.g. according
to legacy triggers possibly applied per MAC entity or duplicated across both
MAC entities in a case where the trigger is associated with a DRB configured
with UL split.

[0627] Regarding the amount of data reported by the WTRU in such
BSR for such DRB, the following alternatives may be considered: The WTRU
may report the same amount of data to both eNBs using legacy methods; or,
the WTRU may tailor the report using a configured ratio for the part
applicable to PDCP.

[0628] However, the former alternative implies that schedulers may
schedule unnecessary uplink resources e.g. up to twice the required amount of
resources in the worst case, while for the latter case the uplink transmission
rate may be artificially limited as a consequence of the semi-static ratio.

[0629] In a first approach, a new BSR trigger may be based based on an
impact from another scheduler.

[0630] This approach may, while not limited to such case, be used when
the WTRU report the same amount of data (or possibly, only for PDCP data)
to both eNBs. To mitigate the possibility that both eNBs over allocate uplink
resources, the WTRU may implement additional BSR triggers.

[0631] This approach is based on a principle that even if the WTRU
reports the same (or similar) amount of data for a DRB configured with UL

split, over-provisioning of uplink resources from the combined effect of both
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independent schedulers may be mitigated if the WTRU sends more BSR
reports. However, to avoid unnecessary increase in the amount of BSR, rules
may be defined such that BSR is included in an uplink transmission only if
the status of the WTRU’s buffer changes such that the likelihood of receiving
grants for too many uplink resources increases. Indeed, there may be no need
to send BSR more often other than when the buffer is depleting quicker than
the effect of a single scheduler.

[0632] For approaches discussed above, the BSR trigger may not lead to
a SR trigger.

[0633] In an approach, the WTRU MAC entity may trigger a BSR when
it determines that the rate at which the buffer occupancy (and possibly, for the
PDCP buffer only) for a given DRB configured with UL split is being drained
by the other MAC entity exceeds a certain (possibly configurable) threshold.
For example, a first WTRU MAC entity may determine that the amount of
(e.g. PDCP) data transmitted using resources of a second WIRU MAC entity
exceeds the amount of new data available for transmission by a value X
during a given period since last time the WTRU MAC reported BSR using
uplink resources of the first MAC entity.

[0634] In another approach, the WTRU MAC entity may trigger a BSR
when it determines that the amount of data in the WTRU’s buffer (and
possibly, for the PDCP buffer only) for a given DRB configured with UL split
has dropped by an amount that is a (possibly configurable) amount of data e.g.
a factor X of the amount of data transmitted by the concerned MAC entity. For
example, a WTRU may trigger BSR when it determines that the amount of
data available for transmission (e.g. either for the DRB i.e. both RLC and
PDCP or for PDCP only) has dropped by an amount equivalent to a percentage
larger than X% (where X is typically larger than 100) of the amount of
corresponding data transmitted for the concerned DRB since the last
transmission of a BSR that included a value for such LCH (or LCG) using
uplink resources of the first MAC entity.

[0635] PDCP buffer drops below a certain level as an effect of grants
received in the other MAC entity: In another approach, the WITRU MAC
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entity may trigger a BSR when it determines that the transmission rate of
data in the WTRU’s buffer (and possibly, for the PDCP buffer only) for a given
DRB configured with UL split has changed by an amount that is a (possibly
configurable) value X since the last transmission of a BSR that included a
value for such LCH (or LCG) using uplink resources of the first MAC entity.
[0636] Similarly, in another approach, this trigger could be based on an
increase in average transmission delay for PDCP SDUs, or reaching a certain
amount of delay for the head-of-queue (i.e. the oldest PDCP SDU in the
WTRU’s buffer) or when the gap between the rate at which the WTRU’s (e.g.
PDCP only) buffer is drained by the other MAC entity and the fill rate for such
buffer increases beyond a certain value. Additional triggers may also be
mtroduced for the opposite events.

[0637] In another approach, a BSR report may include RLC buffer
occupancy only, and dynamic reporting may be used for PDCP.

[0638] This approach may, while not limited to such case, be used when
the WTRU reports only the amount of RLC data in its buffer to each eNB
inside the BSR. PDCP buffer occupancy may then rely on a separate
mechanism and on additional signaling from the WTRU which may be more
dynamic. For example, such signaling may be included in some (or all) MAC
PDUs for a given MAC entity e.g. by re-using reserved bits inside the MAC
subheader (e.g. “R” bits, or equivalent). Possibly, both MAC entities associated
to a DRB configured with UL split may implement such signaling and BSR
reporting.

[0639] This approach may be based on the principle that a WTRU may
always report the amount of data that it knows to be already associated to the
concerned MAC, e.g. RLC buffer occupancy and such as (possibly an
estimation of the size of a) RLC STATUS PDU and/or RLC retransmission(s),
and dynamically signal some approximate level for the PDCP occupancy for
the concerned DRB. The dynamic signaling may provide information on the
aggregated PDCP occupancy for one or more, or all DRBs configured for UL
split. The BSR framework where PDCP occupancy is also reported (but less

frequently than the dynamic signalling) may be used in complement.
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[0640] Such dynamic signaling may hereafter be referred to as Happy
Bit(s). Possibly, happy bits are applicable only when at least one DRB is
configured with UL split. The happy bits may signal information related to a
single LCG and/or DRB or to the aggregation of a plurality of LCGs and/or
DRBs configured with UL split, when such LCG only relate to DRB configured
with UL split. The use of happy bits may also be a configuration aspect.
[0641] In another example that is a variant of the approaches below, the
happy bits are applicable to the DRB as determined by the LCID value in the
sub-header in which the happy bits are included, if applicable.
[0642] In an approach, the WTRU MAC entity may report using BSR (or
only for a subset thereof) only RLC buffer occupancy for a DRB configured
with UL split. The WTRU may then include happy bit(s) according to e.g. at
least one of the following.
[0643] Single bit: when a single bit is used, the WTRU may signal
whether the amount of PDCP data in the buffer is increasing or decreasing.
For example, the WTRU may set the bit is the amount of data in the PDCP
buffer(s) has increased by an amount X since last transmission of a BSR (if
used in complement) that reported a value for the concerned LCG(s) and/or
DRB(s) or (if legacy BSR calculation is not applicable to UL split bearer)
simply if that amount of data is larger than an (possibly configurable) amount
X. If a format is used whereby a single bit is used per MAC PDU, such
signaling may reflect the total amount of PDCP data in the WTRU’s buffer for
all DRB configured with UL split. Alternatively, the WTRU may set the bit
such that it indicates that the WTRU requests uplink resources for the
concerned LCG(s) and/or DRBs.
[0644] Two-bit field: when more than one bit is used, the WTRU may
use codepoints such as according to at least one of the following:
a. 00, 01, 10, 11 indicates relative buffer levels for the concerned
LCG(s) and/or DRB(s). Such values may be absolute values.
Alternatively, such values may be in relation to the size of the

transport block in which it is sent. Such values may include
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“empty buffer” e.g. “00”, larger than or "infinite” e.g. “11” with
“01” and “10” as intermediate levels;

b. 00, 01, 10, 11 indicates approximate transmission rate for the
concerned LCG(s) and/or DRB(s) as calculated from
transmissions in the other MAC entity. Such values may be
absolute values. Alternatively, such values may be in relation to
the size of the transport block in which it is sent. Alternatively,
such values may be in relation to the configuration of the
(possibly aggregate) PBR for the concerned DRB(s) and/or
LCG(s).

[0645] The approach described above may be described in terms of LTE
standards. For example, in LTE A MAC PDU subheader comprises the six
header fields R/R/E/LCID/F/L but for the last subheader in the MAC PDU and
for fixed sized MAC control elements. The last subheader in the MAC PDU
and subheaders for fixed sized MAC control elements consist solely of the four
header fields R/R/E/LCID. A MAC PDU subheader corresponding to padding
comprises the four header fields R/R/E/LCID.

[0646] Further, a Reserved Bit is set to “0”, and a Buffer Size field
indicates the total amount of data available across all logical channels of a
logical channel group after all MAC PDUs for the TTI have been built. The
amount of data is indicated in number of bytes, and includes all data that is
available for transmission in the RLC layer and in the PDCP layer.

[0647] In these terms, if configured, the header fields R/R may become
the HB (Happy Bit) field, and For a LCG associated to DRBs configured with
UL split in the corresponding BSR format, data may include all data that is
available for transmission in the RLC layer only.

[0648] The data available for transmission for RLC and for PDCP may
remain as per legacy.

[0649] In another approach, the WTRU MAC entity may report using
BSR (or only for a subset thereof) only RLC buffer occupancy for a DRB
configured with UL split. The WTRU may then include happy bit(s) such that
the WTRU signals average time-of-stay, head of queue delay, whether the
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PDCP buffer levels tend to increase or decrease, or the difference between the
PDCP fill rate and what’s drained by the MAC entity that signals the happy
bits. Similar signaling as described in the previous method may be used.
[0650] Prioritization of Data for Uplink Transmissions: A WTRU may
be configured with dual connectivity, i.e. with one or more cells associated to a
plurality of eNBs (e.g. one MeNB and one SeNB). In such case, the WTRU
may implement separate MAC entities, e.g. one for all cells associated to each
eNB in the WTRU’s configuration. A WTRU configured with dual connectivity
may additionally be configured with one or more Data Radio Bearers (DRB)
which DRB may be configured for uplink split. A WTRU may transmit data
associated to a DRB configured with UL split on either a cell of a first MAC
entity, of a second MAC entity or both either simultaneously or not.
[0651] In such case, the WTRU may receive a configuration for the DRB
that includes an association with one Logical Channel (LCH) for each MAC
entity. In other words, a DRB may be associated to a plurality of LCHs, one
for each MAC entity. For each LCH, the WTRU may additionally be
configured with a priority value for the LCH, a PBR value and a BSD value;
such value may be the same for all LCHs associated to the DRB (i.e. DRB-
specific value) or may have separate values (i.e. LCH-specific).
[0652] Possible implementations for the LCP function in such case
include:
a. Common bucket: the bucket Bj is shared across MAC entities for
the LCHs associated to the concerned DRB when performing both
LCP loops; and
b. Separate bucket: the bucket Bj is specific for each MAC entity for

the LCHs associated to the concerned DRB. The WTRU performs

the LCP loops separately for each MAC entity.
[0653] Each of these example implementations may have potential
drawbacks. For example, the common bucket implementation may incur the
risk of introducing starvation of RLC data (e.g. RLC STATUS PDU(s) and/or
RLC retransmission) that is MAC-specific (i.e. RLC PDUs not associated to a
PDCP SDU) e.g. when one scheduler (and consequently on MAC entity)
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consumes the entire bucket for an extended period of time thus denying the
other MAC entity from serving the concerned DRB. The separate bucket
implementation may introduce jitter and/or may unexpectedly enable lower
priority bearers to be served before higher priority bearers when schedulers
are poorly coordinated in the manner in which they assign transmission
resources.

[0654] Possibly, in combination with the methods described below, a
LCH associated with a bearer configured for UL split may only be assigned a
LCG by itself or in combination with other LCH of the same type for the given
MAC entity. Possibly, all such LCG have MAC-specific configuration for the
purpose of LCP.

[0655] In an approach, data for a split UL DRB subject to LCP
procedure may be a function of the type of data in LCH. For bearers
configured with UL split, assuming that the WTRU performs the LCP
procedure for each MAC entity using a common bucket Bj i.e. using a value for
Bj that is DRB-specific as described above, in a first method the MAC entity
determines what LCH to serve as part of the LCP procedure as a function of
the size of the bucket Bj but also as a function of the type of data in the RLC
buffer. For example, the WTRU may include a LCH and serve it as part of the
LCP procedure independently of the value of Bj at the time it performs LCP if
the concerned LCH has data of a specific type either pending (e.g. RLC
STATUS PDU) or present in its buffer (e.g. RLC retransmission). For
example, if the WTRU has a pending RLC STATUS PDU but the associated Bj
is zero or less, the WTRU may still include the LCH in the LCP procedure that
results in allocation of data for transmissions using resources of the concerned
MAC entity. In such case, the WI'RU may set the bucket Bj to the estimated
(or actual) size of the RLC STATUS PDU. For example, if the WTRU has a
RLC retransmission in its RLC buffer but the associated Bj is less than the
size of the RLC retransmission (including the case where it is zero or less), the
WTRU may still include the LCH in the LCP procedure that results in
allocation of data for transmissions using resources of the concerned MAC

entity. In such case, the WI'RU may set the bucket Bj to the estimated (or
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actual) size of the RLC retransmission(s). Possibly, such operation is limited to
the retransmission of one (e.g. no re-segmentation) or more PDU(s) (e.g. in
case of re-segmentation) associated to the retransmission of a single RLC
PDU. For example, in an example case where both RLC STATUS PDUs and
RLC retransmission(s) are subject to such an approach, the WITRU may set
the value of the Bj to the combined value of their respective size.
[0656] The approach described above may be described in terms of LTE
standards for logical channel prioritization. For example, in current LTE
standards resources are allocated to logical channels in a decreasing priority
order. According to the method described above, where Bj is a variable
maintained by the WTRU indicating priority for each logical channel j, Bj for
logical channels may be set as follows prior to allocating resources:

If Bj for a logical channel configured with UL split is less or equal to O,
the UE shall

- If there is a RLC STATUS PDU pending, the UE shall set Bj to
the size of the PDU.
- If there is data in the RLC retransmission buffer, the UE shall

increment Bj to the size of the buffer.
[0657] Further, in current LTE standards a WTRU may take into
account a relative priority of certain kinds of data. According to the method
described above, a pending RLC STATUS PDU for any Logical Channel for a
DRB configured with UL split may take priority over data in the RLC
retransmission buffer for any Logical Channel for a DRB configured with UL
split, but be lower in priority than a MAC control element for PHR or
Extended PHR. Data in the RLC retransmission buffer for any Logical
Channel for a DRB configured with UL split may take priority over data from
any Logical Channel, except data from UL-CCCH.
[0658] In another approach, a primary loop or loops may use MAC-
specific parameters, and a secondary loop may use bearer-associated
parameters. In an example, a WTRU may perform a LCP loop in a given MAC
entity where the drain of the bucket associated to a LCH for a DRB configured
with UL split may modify the value of the bucket for the LCH associated to
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the other MAC entity. In other words, exceeding the bucket size for a DRB
configured with UL split in one MAC may be reflected in the bucket value of
the other MAC for the same DRB. More specifically, for bearers configured
with UL split the WTRU may perform the LCP procedure such that the
primary loop(s) (i.e. either only step 1 and step 2, or step 1 up to step 3) for
each MAC entity using parameters specific to each MAC entity (LCH-specific
parameters). It should be noted that here and in the following discussion of
LCP procedures, steps 1, 2, and 3 refer to the steps of the LCP procedure
described in the LTE specifications set forth above. Possibly, the priority is
associated to the DRB itself or the same value is used for all LCH(s)
associated to the concerned DRB.

[0659] In a first example of this approach, a first MAC entity may
perform step 1 and step 2 using the PBR value and the BSD value configured
for the LCH or, accordingly, the bucket size associated with the LCH; in those
steps, the WTRU considers all LCHs associated with the concerned MAC
entity. The WTRU may then perform step 3 to allocate remaining resources
considering all LCHs in decreasing priority order, which priority for a LCH
associated with a DRB configured with UL split is either the DRB-specific
value or the value associated to the LCH of the concerned MAC. In this first
example, step 1 and 2 are the primary loop while step 3 is the secondary loop.
With step 3, if the aggregated sum of the bucket for all LCH(s) of the DRB
with split UL is larger than zero, the WTRU may decrement the bucket
associated to the MAC for which the LCH is being served by the amount of
data served in step 3; if the resulting value becomes negative, the WTRU may
transfer the negative part of the bucket value for that first LCH to the bucket
value of a second LCH associated to the concerned DRB and corresponding to
the other MAC until either the bucket value Bj of the second LCH reaches 0
(i.e. the absolute value of the bucket size of the first LCH was larger than the
positive value of the first bucket size) or until the bucket value of the first
LCH reaches 0 (i.e. otherwise).

[0660] In a second example of this approach, step 1 , 2 and 3 that

comprises two loops are the primary loops and are performed using MAC-
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specific values, while the WTRU performs step 3 as one additional secondary
loop as per the first example for this method. In other words, in this second
example one additional MAC-specific loop may be used compared to the first
example.

[0661] The first example described above may be described in terms of
LTE standards for logical channel prioritization. For example, in current LTE
standards a WTRU allocates resources to logical channels by allocating
resources to all the logical channels with Bj > 0 in a decreasing priority order
(where Bj is a variable maintained by the WTRU indicating priority for each
logical channel j.). If the PBR of a radio bearer is set to “infinity,” the WTRU
shall allocate resources for all the data that is available for transmission on
the radio bearer before meeting the PBR of the lower priority radio bearer(s).
The WTRU then decrements Bj by the total size of MAC SDUs served to
logical channel j; and if any resources remain, all the logical channels are
served in a strict decreasing priority order (regardless of the value of Bj) until
either the data for that logical channel or the UL grant is exhausted,
whichever comes first. Logical channels configured with equal priority should
be served equally.

[0662] In these terms, according to the first example described above,
the WTRU may decrement the value of Bj by the total size of the MAC SDU
served to logical channel j for a logical channel associated to a DRB configured
with UL split; if the value Bj becomes negative, the WTRU shall transfer as
much of this negative amount to the bucket of the logical channel associated to
the concerned DRB in the other MAC entity such that each bucket becomes of
equal value (a negative value is possible).

[0663] The second example described above may also be described in
terms of LTE standards for logical channel prioritization discussed above.
[0664] In these terms, according to the second example described above,
after either the data for the logical channel or the UL grant is exhausted, if
any resources remain, all the logical channels associated to a DRB configured
with split UL are served in a strict decreasing priority order (regardless of the

value of Bj) until either the data for that logical channel or the UL grant is
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exhausted, whichever comes first. Logical channels configured with equal
priority should be served equally. The WTRU shall decrement the value of Bj
of the logical channel associated to the concerned DRB in the other MAC
entity such that each bucket becomes of equal value (including a negative
value).

[0665] Variants of the above examples are possible where the amount by
which the bucket associated to each LCH of a DRB configured with UL split is
varied in different manners, including changing any negative value to a zero
value or resulting is unequal values using e.g. a ratio.

[0666] In another approach, data for a split UL DRB may be subject to
LCP procedure per bearer. For bearers configured with UL split, assuming
that the WTRU performs the LCP procedure for each MAC entity using a
common bucket Bj i.e. using a value for Bj that is DRB-specific as described
above, in this example approach the MAC entity determines what LCH to
serve as part of the LCP procedure using legacy logic; where the WTRU
determines for a first MAC that a LCH 1is to be served, the LCP is performed
for the corresponding DRB for the first MAC entity but the WTRU also takes
into account the amount of data that may be transmitted as a result of the
LCP in the second MAC entity.

[0667] In another approach, a prioritization procedure may be run on a
per-radio bearer basis. For example, a WITRU may perform LCP on a per-
radio bearer basis using radio-bearer specific priorities. Using this approach,
the WTRU may perform all the existing steps of the LCP procedure on a radio
bearer basis instead of on a LCH basis. In every step, the WTRU may
determine how much of the resources from each MAC are allocated to a radio
bearer, possibly taking into consideration data from this RB that can only be
transmitted to a certain MAC, such as RLC status PDU's or data in RLC
buffers (e.g. segments). For each radio bearer, the WTRU may prioritize
transmission of such MAC-specific data.

[0668] In the following discussion, example implementations of the

above approaches are described. For each example below, the WTRU 1is
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configured with a primary MAC entity (PMAC) and a secondary MAC entity
(SMACQ).

[0669] In an example of selective transmission, the WTRU may be
scheduled by a base grant with a PUSCH transmission for a cell of the
primary MAC entity and with another base grant for a cell of a secondary
MAC entity. The WTRU may determine that by performing both
transmissions simultaneously using their respective base grant, it would
exceed 1ts maximum transmission power; the WI'RU then determines that a
prioritization function should be applied. The WTRU may further determine
that the PUSCH transmission of the primary MAC entity has higher priority
than the one of the secondary MAC entity, for example, because it contains
control plane signaling. The WTRU may then determine that it has a valid
alternative grant suitable to replace the base grant of the transmission for the
secondary MAC instance, and determines that selective transmission may be
used as the prioritization function for the concerned transmissions. The
WTRU may then perform the transmission for the primary MAC entity
according to the base grant and the one for the secondary MAC entity
according to the alternative grant if the corresponding transmissions are
within the WTRU’s maximum transmit power; otherwise, the WTRU may
perform additional (or alternate) prioritization.

[0670] In an example of explicit signaling, the WTRU may be configured
such that transmissions associated to a SMAC have higher priority. In such
case, the WTRU first allocate transmission power to the SMAC and any
remaining power to transmission(s) of the PMAC. Possibly, the WTRU decodes
uplink DCI format(s) associated to the PMAC such that a prioritization signal
may be received.

[0671] The WTRU may be scheduled by a grant with a PUSCH
transmission for a cell of the primary MAC entity and with another grant for a
cell of a secondary MAC entity. The WTRU may determine that by performing
both transmissions simultaneously using their respective grant, it would
exceed its maximum transmission power; the WIRU then determine that a

prioritization function should be applied. The WTRU may further determine
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that the PUSCH transmission of the primary MAC entity has higher priority
than the one of the secondary MAC entity e.g. because the DCI received for
the PMAC indicates that the transmission shall be given higher priority. The
WTRU may then perform the transmission for the primary MAC entity
according to the received grant and with higher priority while possibly
applying power scaling to other transmissions if needed. Such priority may
remain for the duration of the concerned HARQ process.

[0672] In another example, the WTRU may be configured such that
transmissions associated to a SMAC have higher priority. In such case, the
WTRU first allocate transmission power to the SMAC and any remaining
power to transmission(s) of the PMAC. Possibly, the WTRU decodes uplink
DCI format(s) associated to the PMAC such that a prioritization signal may be
received.

[0673] The WTRU may be scheduled by a downlink assignment with a
PDSCH transmission for a cell of the primary MAC entity and with another
PDSCH transmission for a cell of a secondary MAC entity. The WTRU may
determine that in the subframe at which the WTRU 1is expected to transmit
the corresponding HARQ feedback for each transmission, it would exceed its
maximum transmission power; the WTRU then determine that a
prioritization function should be applied. The WTRU may further determine
that the HARQ feedback associated to the PDSCH transmission of the
primary MAC entity has higher priority than the one of the secondary MAC
entity e.g. because the DCI received for the PMAC indicates that the
transmission shall be given higher priority. The WTRU may then perform the
transmission for the primary MAC entity accordingly (i.e. either using PUSCH
or PUCCH, depending of other scheduling information applicable for the
concerned TTI) and with higher priority while possibly applying power scaling
to other transmissions if needed. Such priority may remain for the duration of
the concerned HARQ process e.g. until the HARQ feedback for the prioritized
HARQ process is ACK.

[0674] In an example of simultaneous random access procedures toward

different eNBs, the WTRU has a first ongoing random access (RACH)
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procedure using a first MAC entity. The WTRU then determines that a second
RACH procedure is triggered.

[0675] In another example, if the trigger for the second RACH procedure
is associated to the same MAC entity as the ongoing RACH procedure, the
WTRU may perform using legacy behavior (i.e. the decision whether to
continue with the ongoing procedure or to abort it and start a new one is up to
the WTRU implementation) while otherwise the WTRU performs both
procedure concurrently. In the latter case, the WTRU always first allocates
power to a preamble transmission that is associated to the PCell of the PMAC
entity; for preamble transmission associated to other cells of the PMAC, the
WTRU determines how to allocate power as a function of the priority between
MAC entities: if the WTRU prioritizes a PRACH transmission for a PMAC
instance before any other transmissions associated to the SMAC, the WTRU
allocates power first to the PRACH transmission associated to the PMAC and
allocates remaining power to other transmissions; for a preamble transmission
associated to the SMAC, the WTRU determines how to allocate power as a
function of the priority between MAC entities: if the WTRU prioritizes a
PUSCH transmission for a PMAC instance before any other transmissions
associated to the SMAC (e.g. in the offload case, which assumes that PMAC
mainly handles higher priority data) the WTRU allocates power first to
transmissions associated to the PMAC and allocates remaining power to the
transmissions associated to the SMAC. If the WTRU determines that the
preamble associated to the SMAC cannot be transmitted at the expected
transmission power, then, in one example, the WTRU scales the transmission
power for the transmission of the preamble but does not increase the count of
preamble transmission PREAMBLE_TRANSMISSION_COUNTER (i.e. the
WTRU may extend the total duration of RACH procedure by up to a certain
amount of transmissions at the expense of longer UL RLF detection time).
However, this may be bounded in total number of attempts and/or in time to
avoid excessive and unpredictable delay to the preamble transmission e.g.
such that the WTRU may at most transmit up to an integer multiple of the

maximum allowed/configured preamble transmission. One consequence of not
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increasing the preamble count is that the power ramping is delaying
accordingly.
[0676] If no Random Access Response is received within the RA
Response window, or if none of all received Random Access Responses
contains a Random Access Preamble identifier corresponding to the
transmitted Random Access Preamble, the Random Access Response reception
is considered not successful and the WTRU shall:
If power scaling was not applied to the transmitted Random
Access Preamble, increment
PREAMBLE_TRANSMISSION_COUNTER by 1,

Else if power scaling was applied to the transmitted Random

Access Preamble, increment
SCALED_PREAMBLE_TRANSMISSION_COUNTER by 1;
If PREAMBLE_TRANSMISSION_COUNTER =

preambleTransMax + 1, or
If PREAMBLE_TRANSMISSION_COUNTER +
SCALED_PREAMBLE_TRANSMISSION_COUNTER =
(2*preambleTransMax) + 1:
if the Random Access Preamble is transmitted on the PCell:
indicate a Random Access problem to upper layers;
if the Random Access Preamble is transmitted on an SCell:
consider the Random Access procedure unsuccessfully completed.
[0677] Note: The WTRU always first allocate transmission power to a
preamble transmitted on the PCell.
[0678] In one example that extends the previous example, the WTRU
always allocate power first to a preamble transmission initiated by PDCCH
order (i.e. network-triggered RACH procedure);
[0679] If no Random Access Response is received within the RA
Response window, or if none of all received Random Access Responses
contains a Random Access Preamble identifier corresponding to the
transmitted Random Access Preamble, the Random Access Response reception

1s considered not successful and the WTRU shall:
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If power scaling was not applied to the transmitted Random
Access Preamble, increment PREAMBLE_TRANSMISSION_COUNTER by 1;

Else if power scaling was applied to the transmitted Random

Access Preamble, increment
SCALED_PREAMBLE_TRANSMISSION_COUNTER by 1;

If PREAMBLE_TRANSMISSION_COUNTER =
preambleTransMax + 1, or

If PREAMBLE_TRANSMISSION_COUNTER +

SCALED_PREAMBLE_TRANSMISSION_COUNTER =
(2*preambleTransMax) + 1:
if the Random Access Preamble is transmitted on the PCell:
indicate a Random Access problem to upper layers;
if the Random Access Preamble is transmitted on an SCell:
consider the Random Access procedure unsuccessfully completed.
[0680] Note: In case the random access procedure is initiated by a
PDCCH order for the PCell, the WTRU always first allocate transmission
power to the preamble transmission.
[0681] In oneexample, the WTRU instead may transmit the preamble in
a subsequent available PRACH occasion;
[0682] The Random Access Resource selection procedure shall be
performed as described in greater detail hereafter. The WTRU or Node-B may
be configured to determine the next available subframe containing PRACH
permitted by the restrictions given by the prach-Configindex, the PRACH
Mask Index and physical layer timing requirements (a WTRU may take into
account the possible occurrence of measurement gaps and available
transmission power when determining the next available PRACH subframe);
[0683] In one example that extends the previous example, the WTRU
transmits the preamble in a subsequent available PRACH occasion for a
preamble transmission initiated by PDCCH order (i.e. network-triggered
RACH procedure).
[0684] The Random Access Resource selection procedure may be

performed as described hereafter. The WTRU or Node-B determine the next
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available subframe containing PRACH permitted by the restrictions given by
the prach-Configindex, the PRACH Mask Index and physical layer timing
requirements (a WT'RU may take into account available transmission power in
the case of a random access procedure that is not initiated for the PCell by a
PDCCH order and the possible occurrence of measurement gaps when
determining the next available PRACH subframe).

[0685] In one approach, where the WTRU receives a RAR for an ongoing
RACH procedure, and the RAR includes a grant for an uplink transmission,
the WTRU performs the following:

[0686] For a contention-based RACH (CBRA) procedure associated to
the PMAC, the WTRU may prioritize any transmission associated to the
HARQ process for transmission of msg3. The WTRU may first allocate
transmission power to the corresponding (re)transmissions until the
completion (successful or not) of the concerned RACH procedure.

[0687] For a CBRA procedure associated to the SMAC, the WTRU may
scale the transmission power associated to the HARQ process for transmission
of msg3, if necessary (i.e. if the WTRU prioritizes other transmissions e.g.
transmissions for the PMAC). In this case, then the WTRU does not increment
the count of HARQ transmissions similarly as for the case of the preamble
count described above.

[0688] For a contention-free RACH (CFRA) procedure associated to the
PMAC, the WTRU prioritizes any transmission associated to the HARQ
process that uses the grant received in the RAR. The WTRU may first allocate
transmission power to the corresponding (re)transmissions until the
completion (successful or not) of the concerned HARQ process. In one example,
this may be done only for a RACH procedure associated to the PMAC. In
another example, this may be done only for a RACH procedure associated to
the PCell of the PMAC.

[0689] For a CFRA procedure associated to the SMAC, the WTRU may
prioritize any transmission associated to the HARQ process that uses the
grant received in the RAR for the SMAC such that such transmission have
higher priority than any other transmission for the SMAC and also higher

-163-



priority than any PUSCH transmission for the PMAC which are not
associated with an absolute priority (e.g. a preamble transmission for PCell as
per the above, or a prioritized PUSCH transmission). The WTRU may allocate
transmission power to the corresponding (re)transmissions using such priority
order until the completion (successful or not) of the concerned HARQ process.
In one example, this may be done only for a RACH procedure associated to the
special cell of the SMAC.

[0690] In one approach, when the WTRU receives a RAR for an ongoing
RACH procedure, and the RAR includes a grant for an uplink transmission,
the WTRU assigns the same priority level to the transmission associated with
the grant as it has previously assigned to the transmission of the preamble.
[0691] In one approach, when the WTRU receives a RAR for an ongoing
contention-based RACH procedure and the RAR includes a grant for an uplink
transmission, if the WTRU determines that a prioritization function such as
power scaling is applied to the transmission of msg3, the WTRU may exclude
the time between the transmission and the next retransmission of the msg3
from the contention resolution window. Possibly, the WTRU may also exclude
the transmission from the count of msg3 (re)transmissions. Possibly, the latter
may be limited up to a maximum delay for a successful msg3 transmission.
[0692] In one approach, if the WTRU cannot perform the transmission
of a preamble in a given subframe due to some impairment (e.g. total WTRU
transmission power exceeds the allowed maximum) the WTRU prioritizes the
transmission of the preamble only for the RACH procedure associated to the
PMAC entity by first allocating transmit power to this transmission.
Similarly, the same approaches may be applied to the transmission of msg3
[0693] Semi-static priority and dynamic signaling to override
configuration: In one approach, the WIRU may be configured with a semi-
static priority between MAC instances and the WTRU may receive control
information that overrides such configuration for a scheduled transmission
which control information may be received together with the corresponding
scheduling information. More specifically, the WTRU may be configured with
a first MAC instance and with a second MAC instance. The WTRU may be
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configured such that power is normally first allocated to transmissions
associated to the second MAC instance. The WTRU then may apply legacy
power scaling across transmissions associated to a given MAC instance when
the WTRU determines that insufficient power is available for transmissions in
a given TTI. The WTRU may additionally be configured such that it can
receive physical layer control signaling on a cell associated to the first MAC
instance. The control signaling may be received in a downlink control
information (DCI) on the scheduling channel such as PDCCH and may include
control information that dynamically modifies the configured priority of the
power allocation such that power is first allocated to the first MAC instance.
Such control signaling may be applicable to a downlink assignment and/or to
an uplink grant. The WTRU may prioritize transmissions associated to the
first MAC instance when it receives such control signaling with a downlink
assignment such that at least the transmission of HARQ feedback is
prioritized, or when it receives such control signaling with an uplink grant
such that at least the transmission of data on PUSCH is prioritized.

[0694] PHR triggered by reception of dynamic signaling and power
scaling event: In one approach, the WTRU may trigger a PHR where the
absolute priority applicable between MAC instances was last set by reception
of dynamic control signaling and where the WTRU determines that power
scaling is applied to at least one transmission associated to a MAC instance
for the first time since the reception of such control signalling. The WTRU
may trigger the PHR in the TTI for which power scaling is applicable or, the
WTRU may trigger the PHR such that a PHR may be included in a
transmission for the concerned TTI. The WTRU may trigger PHR at least for a
first MAC instance when it determines that power scaling is applied to at
least one transmission of a second MAC instance and when the absolute
priority between MAC instances was modified by dynamic control signaling
such that power was first allocated to transmissions associated to the first
MAC instance.

[0695] Synchronous and Asynchronous Uplink Transmissions across

CGs: The WTRU may apply a first prioritization function (e.g. a power
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allocation method and/or a scaling) when it determines that uplink operation
between configured CG’s is synchronous and a second prioritization function
where it determines that uplink operation between configured CG’s is
asynchronous.

[0696] The WTRU may determine to allocate power using proactive
scaling (i.e. with look ahead) for synch case, and with guaranteed power
otherwise. For example, the WTRU may determine that it should perform
power allocation according to a first method if it determines that the uplink
operation is synchronous and according to a second method otherwise. For
example, the first method may be based on a determination of the power
allocated to each CG by considering required power for each CG, while a
second method may be based on a determination of the power allocated to each
CG based on the required power for the CG for which transmissions start
earliest in time and based on a guaranteed amount of power for the other CG.
[0697] The WTRU may determine to perform power scaling using
scaling over both cell groups for synch case, and using allocation by cell group
and scaling by cell group otherwise. For example, the WTRU may determine
that it should perform power scaling according to a first method when it
determines that the uplink operation is synchronous and according to a second
method otherwise. For example, the first method may be based on scaling
transmissions by considering all transmissions across both CGs according to
priority between such transmissions (e.g. by type), while a second method may
be based on scaling power per CG e.g. by first allocating power per CG and
then performing scaling across transmissions of a given CG only.

[0698] Example methods for a WTRU to determine whether an uplink
operation is synchronous or asynchronous are described further herein.

[0699] In one example, the WTRU may determine whether an uplink
operation is synchronous or asynchronous based on an L3 indication from
MeNB. The WTRU may receive an indication from the network such that it
may determine whether or not the uplink operation is synchronous e.g. by L3
RRC signaling during a RRC Connection Reconfiguration procedure. Such

reconfiguration procedure may include a reconfiguration that adds or modifies
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at least one aspect of the WTRU’s configuration for a SCG. For example, the
network may indicate whether or not an uplink operation is synchronized
using RRC signaling that adds at least the special cell (i.e. that initially
configures the SCG for the WTRU) and/or that modifies the configuration of
such special cell of the SCG (e.g. such that the cell is changed.) This may, for
example, be applicable in a case where the uplink operation is determined by
the network and as a function of the DL timing difference between the PCell of
the MCG and the special cell of the SCG.

[0700] In one method, the WTRU may determine whether an uplink
operation is synchronous or asynchronous based at least in part on WTRU
autonomous behavior. In one method, the WTRU may determine the type of
uplink operation autonomously and/or the WTRU may monitor the relative
timing synchronization between cells of different CGs such as to detect
possible synchronization error. For example, the WTRU may receive explicit
signaling from the network that indicates synchronous uplink operation
between CGs; where configured for dual connectivity, the WTRU may then
monitor the synchronization between cells of the CGs e.g. according to
methods described herein and, in case it detects a synchronization problem,
perform error handling as described below.

[0701] In an example, the WTRU may receive L3 RRC signaling that
indicates that the uplink operation is synchronous between cells of different
CGs. The WTRU may then use a single behavior for allocation of power
between different CGs. Possibly, the WTRU may monitor DL timing of the
PCell of the MCG and that of the special cell of the SCG such that it may
detect if it exceeds a specific threshold and/or detect that synchronization is
above such threshold when it performs uplink transmissions such that it may
not comply for at least one uplink transmissions; in this case, the WTRU may
perform error handling as described below.

[0702] In another example, the WTRU may receive L3 RRC signaling
that indicates that the uplink operation is asynchronous between cells of
different CGs. The WTRU may then use a single behavior for allocation of
power between different CGs. In such case, the WTRU may not be required to
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monitor for synchronization problems between cells of different CGs.

[0703] In a further example, the WTRU may receive L3 RRC signaling
that indicates that the uplink operation is asynchronous between cells of
different CGs. The WTRU may then monitor for the timing difference between
cells of different CGs e.g. according to other methods described herein. The
WTRU may perform power allocation according to a first method if it
determines that the uplink operation is synchronous and according to a second
method otherwise.

[0704] Further WTRU autonomous methods related to how UE
monitors, detects synchronization between CGs are discussed herein.

[0705] In one approach, whether the WTRU operates synchronously or
unsynchronously (or asynchronously) with respect to uplink transmissions
between its configured cell groups (CG) may be defined based on the relative
time difference between the start of the CG’s respective UL subframe.

[0706] For example, the WTRU may consider that the uplink operation
between configured CGs is synchronous if the time difference between the
start of the CG’s respective UL subframe is less than or equal to a specific
threshold. Such threshold may be specified as a fixed value, may be bounded
by the guard time between two consecutive subframes in the system, or it may
be a configuration aspect. Optionally, such threshold may include a hysteresis
period such that if the WTRU may transit between one mode (e.g.
synchronous) and the other mode (e.g. asynchronous) the WTRU does not
perform unnecessary transitions when operating close to such threshold. For
example, the WTRU may transmit to the unsynchronous mode of uplink
operation upon reaching such threshold, but may remain in this mode only
until the relative time difference reverts to less than the threshold minus an
additional period of time X (i.e. the WTRU would move quickly to the
unsynchronized mode but remain in such mode until it goes back within a fair
margin of the threshold).

[0707] Evaluation of Time difference between CGs: More generally, if
the WTRU 1is configured with multiple TAGs for a given CG, such time

difference may be determined based on at least one of the following:

-168-



[0708] PCell to SpSCell: The start of the uplink subframe associated to
the TAG that contains the CG’s special cell. For example, this may be the
PCell for the primary CG (MCG), and the Special SCell (e.g. the SCell that is
configured with PUCCH resources and/or for which RLM is performed) for the
secondary CG (SCG). For example, in this case the relative time difference
would be the difference between the start of the uplink subframe of the PTAG
of the MCG and the start of the uplink subframe of the PTAG of the SCG. In
this case, the term “applicable cells” when used hereafter refers to those cells
for this method.

[0709] Largest absolute value between start of any two transmissions:
The start of the uplink subframe associated to the TAG of the MCG and that
of the TAG of the SCG for which the relative time difference is the largest in
absolute value. In this case, the term “applicable cells” when used hereafter
refers to any cell of the concerned TAGs for this method.

[0710] Largest absolute value between start of any two uplink
subframes: The start of the uplink subframe associated to the TAG of the
MCG for which the WTRU performs at least one transmission in this
subframe, and that of the TAG of the SCG for which the WTRU performs at
least one transmission in this subframe, in between which the relative time
difference i1s the largest in absolute value. In this case, the term “applicable
cells” when used hereafter refers to any applicable cell(s) (e.g. for which the
WTRU performs at least one transmission) of the concerned TAGs for this
method.

[0711] Largest absolute value between start of a transmission in PCell
and any transmission in a SCG: The start of the uplink subframe associated to
the PTAG for the MCG, and the start of the uplink subframe associated to the
TAG of the SCG for which the resulting relative time difference is the largest
in absolute value. In this case, the term “applicable cells” when used hereafter
refers to the PCell and to any cell of the concerned TAG of the SCG for this
method.

[0712] If the WTRU determines such time difference only when it

performs uplink transmissions in cells that are applicable for the concerned
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method as described above, or only when it performs at least one uplink
transmission in at least one cell of each CG, then the WTRU may consider the
start of an applicable transmission as the start of the uplink subframe
(possibly with the exception of a transmission signal that does not span all
symbols of a subframe e.g. SRS).

[0713] Determination of the uplink operational mode: In one approach,
the WTRU may determine the applicable operational mode according to at
least one of the following:

[0714] Based on L3 signalling / configuration: The WTRU may
determine the applicable uplink operational mode from an indication received
by L3 signalling. In such case, the type of uplink operational mode may be a
semi-static component of the WTRU’s configuration. For example, the WTRU
may receive control signaling that indicates the uplink operational mode as
part of the configuration for dual connectivity. For example, the WTRU may
receive the type of uplink operational mode as part of the configuration for
dual connectivity that first adds a SCG. This may include whether the WTRU
shall assume synchronous operation only, asynchronous operation only or
possibly, this may include an indication that the WTRU shall autonomously
determine the uplink mode of operation, for example according to any of the
methods described herein. Possibly, the WTRU may receive as part of the
configuration an indication of the applicable power allocation function.
Possibly, the WTRU may receive a configuration of a power allocation function
for the concerned applicable operational mode.

[0715] Relative timing difference between CGs calculated based on
downlink timing referencefor the applicable cell of the CG: The WTRU may
estimate the amount of time difference between corresponding downlink
subframe of the applicable cell of each CG. The WTRU may compare such time
difference with a threshold, from which comparison it may determine whether
the uplink operational mode is synchronous or asynchronous. Such threshold
may be a configuration aspect of the WTRU. The WTRU configured with dual

connectivity may determine the applicable uplink operational mode by
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evaluating the relative timing difference between applicable cells of different
CGs and comparing it to such threshold.

[0716] Relative timing difference between CGs calculated based on
uplink subframe alignment for the applicable cell of the CG, using received
TAC (or Nta_ref): The WTRU configured with dual connectivity may
determine the applicable uplink operational mode by evaluating the relative
timing difference between applicable cell of different CGs and comparing it to
a threshold.

[0717] The WTRU may estimate the amount of time difference between
corresponding uplink subframe of the applicable cell of each CG. Such
estimation may be performed using the respective amount of timing
compensation applied to each cell as a result form the last received TAC for
each applicable cell.

[0718] The WTRU may estimate the time difference when a stored UL
timing reference changes e.g. as a result of NW signaling: In such case, the
WTRU may perform such estimation at least before it first performs one or
more transmissions in each CG which occur simultaneously at or following the
subframe in which the TAC is first applied. Possibly, only when such
transmissions would require the use of a power allocation function for a
power-limited situation. For example, the WTRU may perform such
estimation when it receive a TAC, when it first apply the receive value in the
TAC, when it first receives at least one grant for each CG that leads to
simultaneous transmission after the last reception of at least one TAC, or
when it first determines that power is to be allocated such that it exceeds
either the total available power for a CG (if less than the maximum available
WTRU transmit power) and/or the maximum available WTRU transmit power
for such simultaneous transmissions.

[0719] The WTRU may compare such time difference with a threshold,
from which comparison it may determine whether the uplink operational
mode is synchronous or asynchronous. Such threshold may be a configuration

aspect of the WTRU.
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[0720] Relative timing difference between CGs calculated based on
uplink subframe alignment for the applicable cell of the CG, using Nta (or
including the WTRU-autonomous compensation): The WTRU configured with
dual connectivity may determine the applicable uplink operational mode by
evaluating the relative timing difference between applicable cell of different
CGs and comparing it to a threshold.

[0721] The WTRU may estimate the amount of time difference between
corresponding uplink subframe of the applicable cell of each CG. Such
estimation may be performed using the respective amount of timing
compensation applied to each cell as a result of the WI'RU’s autonomous
compensation mechanism e.g. from changes in DL timing.

[0722] The WTRU may estimate the time difference when UL timing
compensation changes without NW involvement: In such case, the WTRU
may perform such estimation in any subframe for which it determines
whether or not it should autonomously apply a compensation (for example, by
tracking DL timing). In some implementations, this may be done only in a
subframe with PSS/SSS. Alternatively, the WTRU may perform such
estimation at least before it first performs one or more transmissions in each
CG which occur simultaneously with, or following, the subframe in which
compensation is autonomously applied. In some implementations this may be
done only when such transmissions would require the use of a power
allocation function for a power-limited situation. For example, the WTRU may
perform such estimation where it first determines a change in DL timing for
at least one applicable cell, where it first applies such compensation to the
uplink timing, where it first receives at least one grant for each CG that leads
to simultaneous transmission after it last autonomously adjusted the
compensation, or where it first determines that power is to be allocated such
that it exceeds either the total available power for a CG (f less than the
maximum available WTRU transmit power) and/or the maximum available
WTRU transmit power for such simultaneous transmissions.

[0723] The WTRU may compare such time difference with a threshold,

from which comparison it may determine whether the uplink operational
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mode is synchronous or asynchronous. Such threshold may be a configuration
aspect of the WTRU.

[0724] The WTRU estimates the time difference for compensation of DL
timing changes: For any of the WI'RU-autonomous methods described above
that are based on estimation of DL timing, the WTRU may perform such
comparison dynamically e.g. according to at least one of the following:

[0725] Continuously, for DL: in every subframe (e.g. continuously), or in
every DL subframe (e.g. continuously for DL subframes in TDD), or in every
DL subframe in which the WTRU decodes PDCCH for at least one applicable
cell in each CG (e.g. when the WTRU is in DRX active time).

[0726] When a WTRU may autonomously determine that it should apply
a compensation for DL timing changes if such is detected: in a subframe for
which the WTRU estimates DL timing for at least one applicable cell of a CG

(e.g. based on using a cell used as DL timing reference for the concerned TAG

and/or CG).

[0727] Only when PSS/SSS is available: in a subframe in which the
WTRU decodes PSS/SSS.

[0728] Only after it adjusted UL timing, and first when it needs to apply

a power allocation function since then: following a subframe in which it
determines that a compensation should be applied, when it first determines
that it has uplink resources available to perform one or more transmissions in
each CG (or that it needs to allocate power for such) which occur
simultaneously for both CGs.
[0729] The WTRU estimates the time difference in relation to
maintenance of UL timing: In addition, for any of the WTRU-autonomous
methods described above that are based on maintenance of UL timing, the
WTRU may perform such comparison dynamically e.g. according to at least
one of the following:
a. WTRU receives/applies TAC: in a subframe for which it receives
(or apply) a received TAC (or updates Nta_ref).
b. WTRU autonomously updates Nta: in a subframe for which the
WTRU determines that it should autonomously add a
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compensation to the uplink timing alignment (Nta) e.g. based on
change in estimated DL timing, or when it first apply it.
c. Combinations of a. and b. are also possible.

[0730] The WTRU may use different power allocation behavior as a
function of determined operational mode. In one approach, the WTRU may
use a first power allocation method if it determines that it operates in the
synchronized mode, while it may use a second power allocation function if it
determines that it operates in the asynchronous mode. For example, the first
power allocation function may implement power sharing such that power may
be dynamically allocated between transmissions associated to different CGs
while the second power allocation methods may implement a semi-static
splitting function of the total available WTRU transmission power between
transmissions associated to different CGs.
[0731] The WTRU may support, as a WTRU capability, whether or not it
is capable of dynamic power allocation independently of the operational mode.
In one approach, the WTRU may report as part of the WTRU capability
exchange whether or not a single method may be applied to both synchronous
and asynchronous uplink operation when configured with dual connectivity.
For example, the WTRU may report that it may be capable of dynamic power
sharing for the power allocation function for both modes. Such capability
would typically imply a specific level of implementation complexity, which
may for example require additional processing such as proactive power
allocation. For example, the WITRU may report that it may be capable of
dynamic power sharing for the power allocation function only in one mode. For
example, such mode may be the synchronous mode. Such capability would
typically require less implementation complexity. When the WTRU receives a
configuration for dual connectivity, such reported capability may implicitly
determine that a specific power allocation behavior shall be used for the
synchronous and/or for the asynchronous mode. For example, such power
allocation behavior may be a dynamic power sharing function for the
synchronous case, while it may be a semi-static splitting function for the

unsynchronous case. Possibly, the WTRU may include information related to
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the type of power allocation supported for dual connectivity. The WTRU may
report as part of the WTRU’s capability a value that represent the maximum
processing delay that may be added for the purpose of power allocation. Such
value may be signaled as a maximum time difference that may be applicable
between uplink subframes of different CGs.

[0732] New PHR trigger: The WTRU may trigger a PHR when it
determines that it should perform a switch of the uplink operational mode.
Possibly, the WTRU trigger such PHR when it determines that it should
perform at least one uplink transmission in each CG simultaneously for the
first time since it last performed a switch in uplink operational mode.
Possibly, only if such transmission requires the application of a power
allocation function that implement some form of prioritization (including
scaling) and/or sharing of the total WTRU available power.

[0733] WTRU assistance for determination of the timing difference
between cells is discussed further herein. The WTRU may be configured to
measure DL timing for one or more cells. For example, such cells may
correspond to one or more cells of the measurements configuration. The
WTRU may additionally be configured to report the DL timing difference
between such cells and the PCell of the WTRU. For example, such report may
include whether or not the difference in timing is above or below a threshold.
Alternatively, such timing difference may be an absolute value as a function of
the granularity of the reporting. For example, such reports may be
transmitted together with measurements reports, e.g. when such
measurement reporting is triggered according to existing measurements
triggers.

[0734] Handling of error cases; Determination of error case: The WTRU
may determine that there is a problem with its uplink operation with dual
connectivity (e.g. a radio link problem with the SCG) when it determines that
the time difference between CGs exceeds a threshold. Possibly, such threshold
relates to a capability of the WTRU. Possibly, such threshold may be the same
threshold as described above and used for the determination of the uplink

mode of operation. For example, the WIRU may only have the capability of
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operating with dual connectivity for the synchronized mode of uplink
operation and make such determination e.g. using any of the methods
described herein.
[0735] Action upon occurrence of an error case: When the WTRU
determines such problem, the WTRU may perform at least one of the
procedures described in greater detail herafter.
a. The WTRU may consider that it no longer has valid UL timing
alignment (e.g. TAT is expired).
1. Possibly, only for one (or all) TAG(s) of the SCG.
b. The WTRU may report the error situation to the network, e.g. to
the MeNB using L3 signalling.
1. Such L3 signalling may include a RRC procedure.
1. Such RRC procedure may be the procedure used to report
radio link failure (RLF) of the SCG (S-RLF) to the MeNB.
1. Such report may include the cause e.g. as being “incorrect
synchronization”.
iv. The WTRU may stop the connection to the SCG, and may
not resume it autonomously.
c. The WTRU may invalidate the SCG configuration.
d. The WTRU may trigger a PHR for the MCG.
e. The WTRU may initiate the RRC Connection Re-establishment.
[0736] Handling of SRS transmissions is described further herein.
[0737] In a legacy behavior, the SRS may typically be transmitted in the
last symbol of a subframe.
[0738] In another legacy behavior, a WTRU configured with multiple
TAGs may typically drop the SRS transmission if it overlaps with the
PUCCH/PUSCH transmission for a different serving cell (same or different
TAG) in the same subframe or in the next subframe, if the WTRU’s total
transmit power would otherwise exceed the maximum available transmission
power (e.g. Pcmax) on any overlapped portion of the symbol.
[0739] In a further legacy behavior, a WTRU configured with multiple
TAGs and more than 2 serving cells may typically drop the SRS transmission
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if it overlaps with the SRS transmission of a different serving cell in the same
subframe and if it overlaps with the PUCCH/PUSCH transmission for another
serving cell in the same subframe or in the next subframe, if the WTRU’s total
transmit power would otherwise exceed the maximum available transmission
power (e.g. Pcmax) on any overlapped portion of the symbol. When compared
with the previous rule, it is akin to selection of what SRS to drop in such case
(as the other SRS may not overlap with the PUCCH/PUSCH transmission).
[0740] In another legacy behavior, a WTRU configured with multiple
TAGs may typically drop the SRS transmission if it overlaps with the
network-controlled PRACH transmission in a SCell of a different TAG if the
WTRU would otherwise exceed the total WTRU available power (e.g. Pcmax)
for any overlapping portion of the symbol.

[0741] Legacy dropping rules for SRS can be applied when more than
two TAGs are configured and/or when multiple CGs are configured i.e. dual
connectivity. In one method, the legacy rules for dropping SRS may be
applicable for a WTRU configured with dual connectivity, including the case
where SRS transmission overlaps with PUCCH/PUSCH for either the PCell of
the MCG or the special cell of a SCG.

[0742] Legacy scaling rules for SRS may be only applicable within one
CG, and unless legacy dropping rules considered for all transmissions of the
WTRU do not lead to dropping a SRS. In one method, a WITRU configured
with dual connectivity may scale the power allocated to the transmission of a
SRS signal according to legacy rules if and only if all concerned SRS
transmissions are performed on cells of the same CG. Possibly, this may be
done also when the WTRU’s total transmit power for the concerned CG would
otherwise exceed the maximum available transmission power for the CG (e.g.
Pcmax,enb) on any overlapped portion of the symbol. In one example, if the
CG 1s configured with at most one serving cell with uplink resources (e.g. the
PCell of the MCG or the special cell of the SCG), the maximum WTRU
transmit power of the concerned CG (e.g. Pcmax,enb) may be equivalent to the
total WTRU available power for the concerned cell (e.g. Pcmax,c).

[0743] The WTRU may determine that it should transmit one or more
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SRS signals associated to a specific CG. The WTRU may make such
determination according to any of the methods described below, for example to
handle cases where SRS may overlap in time between CGs and/or where SRS
overlaps with other transmissions of the same or different CGs, or the like.
[0744] Overlapping SRS across CGs are discussed further herein.

[0745] In a case where Pcmax is exceeded, SRS may be dropped if two
SRS transmissions from different CGs overlap and Pcmax is exceeded. In one
method, the WTRU configured with dual connectivity may drop the
transmission of a SRS if the transmission of the SRS in a symbol for a serving
cell of a first CG overlaps with a SRS transmission in a symbol for a serving
cell in another CG and if the total transmit power of the WTRU in the
overlapped portion would exceed the total WTRU available power (e.g.
Pcmax).

[0746] In a case where Pmax per CG is exceeded, for one CG, SRS may
be dropped if two SRS transmissions from different CGs overlap and
Pmax,eNB exceeded. In one method, the WTRU configured with dual
connectivity may drop the transmission of a SRS if the transmission of the
SRS in a symbol for a serving cell of a first CG overlaps with a SRS
transmission in a symbol for a serving cell in another CG and if the total
transmit power associated to the concerned CG in the overlapped portion
would exceed the total WTRU available power for the concerned CG (e.g.
Pcmax,enb). In one example, if the CG is configured with at most one serving
cell with uplink resources (e.g. the PCell of the MCG or the special cell of the
SCG), the maximum WTRU transmit power of the concerned CG (e.g.
Pcmax,enb) may be equivalent to the total WTRU available power for the
concerned cell (e.g. Pcmax,c).

[0747] Overlapping between SRS and PRACH across CGs is discussed
further herein. There is no handling in legacy behavior for the case where the
transmission of SRS would overlap with the transmission of a WTRU-
autonomous preamble (e.g. RA-SR). Howver this case is now possible with

dual connectivity.

[0748] WTRU-autonomous PRACH in MCG and SRS in SCG is
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discussed further herein. In one method, a WTRU configured with dual
connectivity may drop a SRS transmission for a serving cell of a first CG if it
overlaps with a transmission on PRACH for a serving cell of another CG if the
WTRU transmit power would otherwise exceed a maximum available power.
This may be done only if the WTRU’s total transmit power exceeds its
maximum available power (e.g. Pcmax) for the overlapped portion. This may
also be done if the PRACH transmission cannot be allocated up to its required
power using the corresponding CG’s guaranteed power allocation. Further,
this may be done only if the preamble transmission is for a contention-free
random access, or only if the serving cell of the second CG is the special cell of
a SCG. This may also be done if the WTRU’s transmit power for a given CG
exceeds a maximum available power for that CG (e.g. Pcmax,enb).

[0749] SRS transmission power within the framework of guaranteed
power and power sharing is discussed further herein. Once the WTRU has
determined that it should perform SRS transmission(s), it may allocate power
according to one or more of the following methods:

[0750] SRS transmission power capped by the guaranteed power of the
CG: For example, the WTRU may allocate transmission power to SRS such
that the amount of power allocated to the SRS transmission(s) does not exceed
the guaranteed power for the CG. In other words, the sounding procedure
may take into account the configuration of the power allocation function and
the split allocation between eNBs for the guaranteed part of the total WTRU
power.

[0751] SRSx for CGx may be from 0 up to max [Pxens]: For example, the
WTRU may allocate power (e.g. SRSx) to SRS transmission(s) for a first CG
(e.g. CGx) to at most up to the total WTRU available power (e.g. Pcmax) less
the guaranteed power of the other CG (e.g. Pxenn).

[0752] In particular for PCM2: For example, the WTRU may perform
such allocation of power for a specific power control method, e.g. such as for a
power allocation method where any remaining power may be allocated to
transmission(s) of the group of cells (or CG, or MAC instance) for which the

transmissions start earliest in time (e.g. PCM2).
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[0753] SRSx for CGx may be from 0 up to max [Pxens, Pcymax-Pyens]:
[0754] In particular for PCM1: For example, the WTRU may allocate
any unused power in the other CG if the WTRU can determine the exact
power requirements of any possible overlapping transmissions at least ahead
of the transmission of the SRS (e.g. the WTRU 1is capable of look-ahead). In
other words, the sounding procedure may additionally take into account the
part of the total WTRU power that is not used by the other scheduler, when
necessary, as a dynamic component of the SRS power allocation.

[0755] For example, for PCM1 (WTRU is capable of look ahead), SRS
may use up to the maximum available power (e.g. Pcmax) less the power
allocated to the other CG (e.g. Pcay) e.g. Pcmax - Peay.

[0756] For example, for PCM2 (WTRU does not perform look ahead),
SRS may use up to the maximum available power (e.g. Pcmax) less the
guaranteed power of the other CG (e.g. Pyenn) e.g. Povax - Pyens.

[0757] For example, the WTRU may perform the following:

- The WTRU may first determine the desired amount of power for the
SRS transmission(s) of the CG, using applicable power control
formulas for SRS e.g. as per legacy methods;

- The WTRU may determine that the maximum amount of power
than can be allocated to the SRS transmission(s) for the CG is the
maximum available power (e.g. PCMAX) less the guaranteed power
of the other CG (e.g. Pyenn); in case the other CG has on-going
transmissions higher than its guaranteed power at the beginning of
the subframe, the maximum power of SRS may be limited by the
maximum available power less the power of the on-going
transmission. In case other transmissions (PUCCH/PUSCH)
continue in the symbol containing SRS for the same CG, the
maximum power of SRS may be further reduced by the power of
these continuing transmissions;

- If the WTRU determines that the desired power is more than the
maximum amount of power available for SRS, the WTRU may either

drop or scale the SRS transmission(s). Possibly, the scaling may be
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performed according to legacy methods for SRS scaling.

[0758] The WTRU may possibly perform the above power allocation
method for SRS transmission(s) if the maximum power level allocated to
PUSCH/PUCCH transmission(s) associated to the same CG and for the same
subframe does not exceed the power level of the SRS.

[0759] The WTRU may possibly perform the above power allocation
method for SRS transmission(s) if the WTRU does not perform any
PUSCH/PUCCH transmission associated to the same CG and for the same
subframe.

[0760] The WTRU may possibly perform such power allocation function
depending on the type of trigger for SRS; for example, the WTRU may perform
the above power allocation function for periodic SRS transmissions.

[0761] SRS transmission power capped by the PUSCH/PUCCH power of
the same CG 1is further discussed herein. In some implementations, SRS
transmission power may always be capped by the amount of power allocated
to PUSCH/PUCCH power. SRSx for CGx may be from O up to [PCax
(PUSCH/PUCCH)]

[0762] For example, the WTRU may determine that it should transmit
(one or more) SRS signal associated to a specific CG. The WTRU may allocate
transmission power to SRS such that the amount of power allocated to the
SRS transmission(s) does not exceed an amount of power as calculated for
PUCCH/PUSCH transmissions of the same CG in the same subframe, if any.
Such amount of power may include at least one of the following:

a. The power allocated to the PUSCH/PUCCH transmission(s) for
that CG (e.g. Pcox (PUSCH/PUCCH)). This may be a simple
alternative complexity-wise but may yield a slightly less accurate
power level for SRS.

b. The wupper bound (e.g. Pcmax_high) of the power range
determined in the calculation of the maximum power that may be
allocated to the PUSCH/PUCCH transmission(s) for that CG
before applying a power reduction due to e.g. MPR, A-MPR. This

may be useful to remove the impact of the power reduction
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applied to PUSCH/PUCCH transmissions (which power
reduction is specific to the type of transmission and to the type of
modulation e.g. the applied reduction is typically less for QPSK
than for higher modulation order such as 16QAM) and may be
slightly more complex at least when the modulation order differs
for PUSCH/PUCCH transmissions and for SRS transmissions.

c. A power level in a range that may be different than the other
subframe symbols and specifically determined for the SRS(s)
symbol based on its specific applicable MPR or A-MPR. This may
be the most accurate approach in all situations.

[0763] In one example, the power for SRS is always limited by the
amount of power allocated to the PUSCH/PUCCH when there is such a
transmission in the same subframe and for the same CG. In one example, the
power for SRS may be limited by the maximum amount of power that can be
allocated to PUSCH/PUCCH transmission(s) before applying a power
reduction (such as MPR, A-MPR) when there is such transmission(s) in the
same subframe and for the same CG. For example, the WI'RU may allocate
power to the SRS transmission up to the upper bound of the Pcyax range (e.g.
Pcmax_ nigh of the PUSCH/PUCCH) for the CG when calculating the value of
Pcvax for PUSCH/PUCCH transmission(s) of the CG.

[0764] In other words, the sounding procedure may take into account
the power allocated to the CG in a given subframe, as a dynamic component of
the power allocation function for SRS.

[0765] The WTRU may perform such allocation of power for a specific
power control method, for example such as for a power allocation method
where any remaining power may be allocated to the CG with transmission(s)
that start the earliest for a given subframe. This may be done without taking
into account transmissions of the other CG that may overlap in time for a
subsequent subframe, for example, when the WTRU 1is not capable of look
ahead. This may relate in particular to PCM2 as further described herein.
[0766] Additionally, guaranteed power may also be available as a

minimum. SRSx for CGx may be from 0 up to max [Pxenn, Pcax
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(PUSCH/PUCCH)]

[0767] In another example, the WTRU may also allocate power to SRS
transmission(s) at most up to the guaranteed power for the CG when the
amount of power allocated to PUCCH/PUSCH transmissions of the same CG
for the same subframe is less than the guaranteed power (including the case
where no power is allocated to PUCCH/PUSCH transmissions).

[0768] In particular for PCM1: In an example, the WTRU may perform
such allocation of power for a specific power control method, e.g. such as for a
power allocation method where any remaining power may be allocated to
transmission(s) of the group of cells (or CG, or MAC instance) by taking into
account transmissions of the other CG and that may overlap in time for a
subsequent subframe e.g. the WTRU is capable of look ahead.

[0769] SRSx for CGx may be from 0 up to max [Pxens, Pcmax-Pcayl:

[0770] In particular for PCM1: The WTRU may allocate any unused
power in the other CG if the WTRU can determine the exact power
requirements of any possible overlapping transmissions at least ahead of the
transmission of the SRS (e.g. the WTRU is capable of look-ahead).

[0771] For example, the WTRU may perform the following:

- The WTRU may first determine the desired amount of power for the
SRS transmission(s) of the CG, using applicable power control
formulas for SRS e.g. as per legacy methods; (SRSx for CGx may be
from O up to max [Pxens, Pcmax-Peay]);

- The WTRU may determine that the maximum amount of power that
can be allocated to the SRS transmission(s) for the CG is the
maximum between the guaranteed power of the associated CG and
the maximum available power (e.g. Pcmax) less the allocated power
of the other CG (e.g. Pcay);

- If the WTRU determines that the desired power is more than the
maximum amount of power available for SRS, the WTRU may either
drop or scale the SRS transmission(s). The scaling may be performed
according to legacy methods for SRS scaling.

[0772] In one example, the WTRU may allocate power to SRS
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transmission(s) of a CG at least up to the sum of the guaranteed power for the
CG and any portion of the remaining power used by PUCCH/PUSCH for the
same CG.

[0773] The WTRU may possibly perform the above power allocation
method for SRS transmission(s) only if the WTRU perform PUSCH/PUCCH
transmission(s) associated to the same CG and for the same subframe.

[0774] The WTRU may possibly perform such power allocation function
depending on the type of trigger for SRS. For example, the WTRU may
perform the above power allocation function for aperiodic SRS transmissions
(as such SRS request are typically associated with a grant for an uplink
transmission e.g. PUSCH).

[0775] Processing Time Budget: The difference in timing between
transmissions of each CG may impact the time available to the WTRU to
process received scheduling information and the time available to perform
power allocation, prioritization and other tasks required to determine one or
more parameters of all transmissions for a given subframe in case at least one
transmission is required in each CG for the concerned subframe.

[0776] In particular, this may be a challenge for WTRU
implementations when such methods require that a certain amount of
processing 1s completed for transmissions related to both CGs such that all
transmissions applicable for the WTRU in the concerned subframe may be
considered, e.g. such as for power allocation that dynamically allocates parts
of the total WTRU available power across CGs or across all transmissions of
the WTRU. In addition, different WTRU s may have different capabilities in
terms of how fast it can process such information.

[0777] Different methods may differ in terms of how they threat timing
differences between Tx. For example, different methods (such as
prioritization functions, power allocation methods or scaling methods) such as
those described herein may operate for a subset of transmissions (e.g. such as
transmissions that all start simultaneously or within a certain time) either
with or without consideration for transmissions that may start at a different

time and that may be overlapping with each other in time.
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[0778] Start time of transmissions from perspective of processing time
reduction: With respect to WTRU processing time, examples of overlapping
transmissions that start simultaneously include transmissions associated to
the same CG and/or to the same Timing Advance Group (TAG). Examples of
overlapping transmissions that start near-simultaneously within a certain
time include transmissions associated to the same CG but possibly to different
TAGs, or transmissions associated to different CGs but using the synchronized
mode of uplink operation. Examples of overlapping transmissions that occur
at different time include transmissions associated to different CGs when using
the asynchronous mode of uplink operation.

[0779] A WTRU may thus determine what function or method to apply
as a function of its determination of the available processing time. For
example, if the WTRU determines that the available processing time is
insufficient due to its estimation of the difference in timing for transmissions
associated to the same subframe across CGs then the WTRU may perform a
first method; otherwise if sufficient the WTRU may perform a second method.
A first method may be a method that considers all transmissions for the
WTRU for the concerned subframe while the second method may consider the
required power of a first subset of the WTRU’s transmissions only (e.g. those
of a single CG, such that those transmissions occur earliest for the concerned
subframe) and another value for the required power of the second subset of
the WTRU’s transmissions e.g. a minimum guaranteed value for
transmissions of the other CG.

[0780] Available processing time, processing time reduction and
threshold: Similarly as described in the previous section, the WTRU may
apply a first prioritization function (e.g. a power allocation method and/or a
scaling function) when it determines that uplink operation between configured
CG’s may lead to a time budget for the WTRU ’s processing that is below a
certain threshold, and that it may apply a second prioritization function (e.g. a
different power allocation method and/or a different method for the scaling
function) otherwise. Equivalently, the WTRU may estimate the reduction in

available processing time budget e.g. when comparing between the processing
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time with or without dual connectivity being configured and determine what
method to use accordingly.

[0781] Minimum Required Processing Time: For example, the WTRU
may consider as a threshold a minimum required WTRU processing time.
Alternatively, the WTRU may equivalently consider a maximum processing
time reduction.

[0782] Such threshold may be specified as a fixed value and/or may be
part of the WTRU’s capability. Alternatively, it may be implementation
specific and only known to the WTRU. In the latter case, the selection of the
method to be used by the WTRU to perform prioritization, power allocation
and/or power scaling may be entirely up to the WTRU implementation.

[0783] Example definitions of processing time: The WTRU may define
the quantity used in the comparison between required and available

processing time according to any of the following, without precluding other

definitions.
[0784] Time until all scheduling information can be known for both CGs.
[0785] In an example, processing time reduction may be defined as

essentially equivalent to the difference in DL arrival time for scheduling
information for each CG for a given subframe.

[0786] In one method, such processing time may represent the time
required to receive downlink control signaling (e.g. on PDCCH and/or E-
PDCCH) and to process the received control information. In other words, it
may represent a quantity that include the earliest time (e.g. either first
symbol of the subframe or first symbol of the control channel for that
subframe) for which the WTRU may start receiving control signaling in
subframe n across all cells of the WTRU’s configuration, until the WTRU may
first determine all necessary parameters for all transmissions for a given CG
or for both CGs.

[0787] In this case, the processing time reduction may be equivalent to
the difference in DL timing between a subframe associated to the earliest TAG
of the WTRU (e.g. from the earliest CG) and a subframe associated to the
latest TAG of the WTRU (e.g. from the latest CG).
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[0788] In another example, processing time reduction may be defined as
essentially equivalent to the difference in start UL subframe for each CG for a
given subframe.

[0789] In one method, the WTRU may determine that the processing
time reduction is equal to the difference between the start of the UL subframe
of the earliest TAG (e.g. for the earliest CG) and the start of the UL subframe
of the latest TAG (e.g. for the latest CG) for the concerned subframe. Possibly,
only based on Nta_ref i.e. using the timing alignment value last updated by
network signaling for each concerned TAG.

[0790] In another example, processing time reduction may be derived
based on methods to determine whether the WTRU operates according to the
synchronous or asynchronous mode of UL operation.

[0791] In one method, the WTRU may determine the reduction in
processing time using a method described herein, for example regarding
synchronous and unsyncrhonous uplink transmissions across CGs.

[0792] In another example, processing time may be defined as a time
from end of last (E-)PDCCH reception until all scheduling information can be
known.

[0793] In another example, processing time reduction would be
essentially equivalent to the difference in DL arrival time for scheduling
information for each CG for a given subframe.

[0794] In one method, such processing time may represent the
processing time required to determine all parameters necessary to apply a
prioritization function, such as performing power allocation and/or power
scaling, once the control channels that occur last in time has been received.
[0795] In another example, processing time may be defined as time left
for power allocation/scaling once all scheduling information is known for both
CGs.

[0796] In one method, such processing time may represent the time
budget related to the processing required to perform a prioritization function,

such as performing power allocation and/or power scaling, for example, once
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the WTRU has already determined all parameters necessary to perform the
prioritization function.

[0797] In another example, processing time may be essentially
equivalent to time between DL arrival time for scheduling information of
latest CG in a given subframe n and start of UL subframe of earliest CG in
subframe n+4.

[0798] In one method, such processing time may be determined as time
from the end of a subframe n on which the WTRU may receive control
signaling for the latest TAG (e.g. for the latest CG) and the time of the start of
the UL subframe for the earliest TAG (e.g. for the earliest CG) in subframe
n+4.

[0799] Methods to determine available processing time budget: In some
methods, the WTRU may consider only a TAG with at least one activated cell.
Alternatively in some methods, the WTRU may consider any cell of its
configuration, independently of activation state. In some methods, the WTRU
may further consider only a cell that is used as a DL timing reference e.g.
when the WTRU determines a parameters as a function of a downlink
component (e.g. timing of reception of control signaling, start of DL subframe
or the likes).

[0800] Methods to determine the available processing time budget: The
WTRU may determine the available processing time budget and compare it to
the minimum required WTRU processing time (i.e. a threshold). The WTRU
may determine the available processing time based on the principles described
above for the definition of the processing time. Details of such method are
further described below.

[0801] Time reduction as difference in uplink timing: For example, the
WTRU may determine that the reduction in available processing time is equal
to the timing difference of uplink subframe for each CG e.g. according to any
of the method described herein, including with respect to synchronous and
unsynchronous uplink transmissions across CGs.

[0802] Available processing time: For example, the WTRU may

determine the available processing time based on the time between a “DL
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timing component” and an “UL timing component.” For example, such DL
timing component may be related to reception of downlink signal. Such
downlink signal may comprise downlink signaling information for scheduling
of an uplink transmission for a first CG (e.g. downlink control signaling
received in subframe n). Such UL timing component may be related to a
transmission of a signal in the uplink. Such uplink transmission may
comprise an uplink transmission for the corresponding subframe for a second
CG (e.g. subframe n+4).

[0803] First CG may be the later CG — i.e. latest Downlink component
for subframe n: For example, the first CG may be the CG for which the
WTRU determines that the start of a downlink subframe n occurs later than
that of the corresponding subframe n for the other CG. Possibly, only for the
applicable Timing Advance Group (TAG) and/or cell for the respective CG. For
example, such TAG may be the TAG that includes the special cell of the CG
(e.g. the cell configured with PUCCH resources and/or the cell that is always
active).

[0804] Second CG may be the earlier CG — i.e. earlier Uplink component
for subframe n (or n+4): For example, the second CG may be the CG for which
the WTRU determines that the start of an uplink subframe (or transmission
for subframe) n occurs earlier than that of the corresponding subframe n for
the other CG. Possibly, only for the applicable Timing Advance Group (TAG)
and/or cell for the respective CG. For example, such TAG may be the TAG that
includes the special cell of the CG (e.g. the cell configured with PUCCH
resources and/or the cell that is always active).

[0805] DL timing component: For example, a DL timing component may
be based on signaling such as a DCI received on PDCCH (or E-PDCCH) for the
CG. For example, such timing of the downlink signaling may be one of
Start/end of the subframe in which DCI is received; Start/end of the PDCCH
on which DCI is received; Start/end of PDCCH decoding process for the
received DCI; or End of processing of received DCI; as in the following:

[0806] Start/end of the subframe in which DCI is received: The time of
the first (or last) symbol of the subframe of the cell of the CG that corresponds
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to the downlink resources on which the WTRU received the said control
signaling. Similarly, the WTRU may use the DL timing estimation for the
corresponding cell (or Timing Advance Group).

[0807] Start/end of the PDCCH on which DCI is received: The time of
the first (or last) symbol of the PDCCH (or E-PDCCH) on which the said
control signaling is received.

[0808] Start/end of PDCCH decoding process for the received DCI: The
time at which the WTRU may start attempts to decode the said control
signaling or, alternatively, the time at which the WTRU may successfully
decodes the said control signaling.

[0809] End of processing of received DCI: The time at which the WTRU
has completed processing of the said control signaling. For example, this may
correspond to the time instant at which the WTRU has all the necessary
information to calculate the power for all transmissions of a CG.

[0810] “UL timing component:” For example, such UL timing
component may be based on the start of a transmission for the CG.

[0811] Example realizations of estimation of available processing time
are disclosed in greater detail hereafter.

[0812] Start of latest PDCCH until start of earliest UL subframe: In one
example of the above methods, the WTRU may first determine that is has a
minimum required processing delay when operating with dual connectivity.
Such processing delay may represent the delay from the time it starts
receiving the latest occurrence of a PDCCH in subframe n across any of the
configured (and possibly activated) serving cells of its configuration up to the
time it is required to perform the first transmission across any of the (possibly
activated) serving cells with configured uplink in subframe n+4. The WTRU
may then determine that it is expected to perform at least one uplink
transmission in each of the configured CGs in subframe n+4; such may include
any combination of PUSCH, PUCCH, SRS or PRACH transmissions. The
WTRU may determine the available time budget and compare it with the

minimum required processing time.
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[0813] Completion of decoding of all PDCCH until start of earliest UL
subframe: In another example of the above methods, the WTRU may first
determine that is has a minimum required processing delay when operating
with dual connectivity. Such processing delay may represent the delay from
the time it has successfully completed decoding of all PDCCH occurrences in
subframe n across any of the configured (and possibly activated) serving cell of
its configuration up to the time it is required to perform the first transmission
across any of the (possibly activated) serving cells with configured uplink in
subframe n+4. The WTRU may then determine that it is expected to perform
at least one uplink transmission in each of the configured CGs in subframe
n+4; such may include any combination of PUSCH, PUCCH, SRS or PRACH
transmissions. The WTRU may determine the available budget and compare
it with the minimum required processing time.

[0814] Start/end of latest subframe until start of earliest UL subframe:
In another example of the above methods, the WTRU may first determine that
1s has a minimum required processing delay of x milliseconds (ms) when
operating with dual connectivity. Such processing delay may represent the
delay from the start (or the end) of the subframe of the serving cell(s) that
starts latest in time in subframe n across any of the configured (and possibly
activated) serving cells of its configuration up to the time it is required to
perform the first transmission across any of the activated serving cells with
configured uplink in subframe n+4. The WTRU may then determine that it is
expected to perform at least one uplink transmission in each of the configured
CGs in subframe n+4; such may include any combination of PUSCH, PUCCH,
SRS or PRACH transmissions. The WTRU may determine the available
budget and compare it with the minimum required processing time.

[0815] In another example of the above methods, the WTRU may be
required to perform a PRACH transmission (or retransmission) following
reception of certain DL control signaling or after the end of a random access
response window. For instance, the WTRU may be required to transmit (or
retransmit) PRACH following reception of a “PDCCH order,” following

reception of a random access response that does not contain a response to a
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previously transmitted preamble sequence, or if no random access response is
received in the last subframe of the random access response window.

[0816] The WTRU may determine a minimum processing time threshold
corresponding to the duration between the end of the subframe in which
PRACH transmission or retransmission is triggered in a first cell group (e.g.
the subframe in which PDCCH order is received, or a random access response
1s received, or the last subframe of the window), and the start of the first
subframe sO in which the WTRU is required to be ready to transmit a
preamble if a PRACH resource were available in this subframe. In case a
transmission initiated in a second cell group before the start of subframe sO
overlaps with PRACH of the first cell group transmitted in subframe s0, i.e.
when the available processing time is lower than the minimum, the WTRU
may prioritize the transmission of the second cell group over the PRACH
transmission of the first cell group. In case a transmission initiated in a
second cell group overlaps with PRACH of the first cell group transmitted at
least one subframe after subframe s0, and the transmission of the second cell
group did not start more than one subframe before PRACH, i.e. when the
available processing time is higher than the minimum, the WTRU prioritizes
the PRACH transmission of the first cell group over the transmission of the
second cell group unless the latter is another PRACH transmission of higher
priority, such as PRACH of Pcell. Stated differently, the WTRU may prioritize
PRACH of a first cell group over another transmission of a second cell group if
the transmission timing of PRACH (in subframe s1) is such that the WTRU is
ready to transmit the PRACH at least one subframe before this subframe (i.e.,
in subframe s1-x, where x >= 1) and provided that the transmission of the
second cell group does not start earlier than 1 subframe before the PRACH of
the first cell group and is of lower priority rank.

[0817] Different WTRU behaviors depending on available processing
time: For all examples above, the WTRU may further determine that power
should be allocated to transmissions of the CG that occurs first by considering
that a specific amount of power should be reserved to transmissions of the

other CG (e.g. a semi-static, possibly configured, value such that a minimum
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guaranteed amount of power may be allocated to that CG) if the available
processing time is insufficient; in other words, the WTRU may not be not
mandated to consider the power required for the actual transmissions for that
CG and may subsequently perform scaling of the power for one or more
transmissions for that CG in case the allocated amount of power is less than
the amount required. Otherwise if the available processing time is sufficient,
the WTRU may further determine that power should be allocated to
transmissions of the CG that occurs first by considering the power required for
transmissions of the other CG; if the total amount of power required exceed
the maximum available power of the WTRU, the WTRU may perform scaling
of power across all transmissions of the WTRU using any of the prioritization
methods described herein.

[0818] Triggers are disclosed in greater detail hereafter to perform
estimation of available processing time.

[0819] When to determine available processing time: For all examples
above, the WTRU may determine the available processing time when at least
one of the following events occur: Periodic events, Reconfiguration events,
Gaining timing alignment events, Updating timing alignment events, or
Overlapping transmission events as described in the following:

a. Periodic events: When a timer expires, e.g. periodically. The
WTRU may restart such timer once it has determined and/or
updated the available WTRU processing time.

b. Reconfiguration events, i.e., reconfiguration that may indicate
that timing characteristics of one or more configured serving
cell(s) have changed: Subsequent to a RRC reconfiguration that
adds or remove at least one timing advance group (TAG) from the
WTRU’s configuration. This may include initial configuration of a
SCG, initial addition of at least one cell to a TAG or the likes.

c. Gaining timing alignment events, i.e., when gaining UL timing
alignment for a TAG: When the WTRU performs a procedure
following which the WTRU has a valid timing alignment for a
TAG, e.g. upon applying a received TAC in a RAR in the random
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access procedure, upon receiving a MAC TAC CE and/or when
restarting at least one TAT that was previously expired.
d. Updating timing alignment events, i.e. when updating UL timing
alignment for a TAG: When the WTRU receives a MAC TAC for a
TAG, e.g. upon applying a received TAC in a RAR in the random
access procedure, upon receiving a MAC TAC CE and/or when
restarting at least one TAT.
[0820] Overlapping transmission events, i.e. when it determines that at
least one uplink transmission may be performed for each CG in a given
subframe. When the WTRU determines that overlapping transmissions may
occur in a given subframe n+4, e.g. after completion of processing of DL
control signaling for subframe n.
[0821] Further Example Realizations:
[0822] The WTRU may determine to allocate power with look ahead if
processing time budget is sufficient, and with guaranteed power otherwise.
For example, the WTRU may determine that it should perform power
allocation according to a first method when it determines that processing time
reduction is below a certain threshold and according to a second method
otherwise. For example, the first method may be based on a determination of
the power allocated to each CG by considering required power for each CG,
while a second method may be based on a determination of the power
allocated to each CG based on the required power for the CG for which
transmissions start earliest in time and based on a guaranteed amount of
power for the other CG.
[0823] For the first method, the WTRU may perform power allocation
and/or power scaling per CG (e.g. per CG allocation) or across all
transmissions of the WTRU (e.g. flat scaling) e.g. according to a method
described herein. For the second method, any remaining power not used for
transmissions of the earliest CG may then be allocated to the other CG.
[0824] The WTRU may determine to perform power scaling using flat
scaling if processing time budget is sufficient, and on the power for a CG

otherwise. For example, the WTRU may determine that it should perform
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power scaling according to a first method when it determines that processing
time reduction is below a certain threshold and according to a second method
otherwise. For example, the first method may be based on scaling
transmissions by considering all transmissions across both CGs according to
priority between such transmissions (e.g. by type), while a second method may
be based on scaling power per CG e.g. by first allocating power per CG and
then performing scaling across transmissions of a given CG only.

[0825] Additional power sharing methods between transmissions of
different MAC instances are further discussed herein. In some
implementations, the WTRU may allocate power to transmissions associated
to different MAC entities (hereafter a “cell group” or “CG”) in a given
subframe such that a first amount (or fraction e.g. Pmens) of the total WTRU
available power (e.g. Pcmax) 1s reserved to transmissions of a first CG
(“Primary CG”, or “MCG”), and a second amount (or fraction e.g. Psenn) of the
total WTRU available power (e.g. Pcmax) is reserved to transmissions of a
second CG (“Secondary CG”, or “SCG”). If the sum of Pmens and Pgsens is less
than the total available transmission power Pcmax the WTRU may also
allocate the remaining power according to specific priority rules between CGs
and/or between transmissions associated to each CGs.

[0826] It is noted that a MAC entity (or MAC instance) may be
configured with one or more serving cells which may then form a Cell Group
(CG). For the MAC instance or the CG that is associated to serving cells of a
first eNB (e.g. the MeNB), such may be referred to as the Primary CG (PCG)
or the Master CG (MCG); in this case, the concerned first MAC entity may
also be referred to as the Primary MAC entity. Similarly, the MAC instance or
the CG that is associated to serving cells of a second eNB (e.g. the SeNB) may
be referred to as the Secondary CG (SCG) or the SeNB CG (SCG); in this case,
the concerned second MAC entity may also be referred to as the Secondary
MAC entity.

[0827] The WTRU may perform such allocation of power according to a
specific power control mode (“PCM”), where the applicable PCM may be

signaled as part of the WTRU’s configuration for dual connectivity operation.
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[0828] For example, the WTRU may apply a first PCM (“PCM1”) (if
configured) such that it may share any of the remaining power across
transmissions associated to different CGs according to a prioritization
determined based on the type of UCI associated to the different transmissions.
The WTRU may apply a second PCM (“PCM2”) (if supported by the WTRU
and if configured) such that it may reserve Pmens and Psens for transmissions
associated to the corresponding CG (e.g. MCG, and SCG respectively) if there
is a potential overlapping uplink transmission. The WTRU may first make
available all remaining power to the transmission(s) of the CG associated with
the transmission(s) that are earlier in time.

[0829] The WTRU may determine whether or not it may perform
additional sharing of power between CGs, including whether or not some (or
all) of the guaranteed power of a second CG may be allocated to the
transmissions of a first CG.

[0830] In one example, the WTRU may determine whether or not there
1s at least one transmission for the second CG, i.e. whether or not the required
power for the second CG is zero for the concerned transmission time interval
and/or for the overlapping part in time between CGs (hereafter “subframe”).
Such determination may be performed according to at least one of semi-static
aspects, dynamic aspects, or a WTRU-autonomous determination.

[0831] Semi-static aspects may include aspects related to L3/RRC
configuration signalling. For example, the WTRU may perform such
determination according to at least one of subframe type or subframe
blanking.

[0832] Regarding determination according to subframe type i.e. whether
the subframe is for uplink transmissions or for downlink reception only, the
determination may be based at least one of frame structure type, UL/DL
configuration, or half-duplex operation,

[0833] Regarding determination based on frame structure type (e.g. type
1 FDD or type 2 TDD), for example, the WTRU may be configured with a cell
for TTD operation. Possibly, a CG may be configured such that all cells of the
CG are for TDD operation.
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[0834] Regarding determination based on UL/DL configuration e.g. for
TDD, for example, the WTRU may be configured with a TDD UL/DL
configuration. Such configuration may be common to all cells with configured
uplink resources of a given CG. In this case, the WTRU may determine that
no uplink transmission is expected for the CG in a DL-only given subframe.
[0835] Regarding determination based on half duplex operation e.g. for
FDD, for example, the WTRU may report half-duplex-only capability for a
given supported band. A CG may be configured such that all cells of the CG
correspond to such band. In this case, the WTRU may determine that no
uplink transmission is expected for the CG in a given subframe if at least one
downlink transmissions is expected in the concerned subframe. For example,
the WTRU may make such determination for a subframe for which the WTRU
is configured with a downlink assignment. The WTRU may make such
determination for a subframe for which the WTRU is required to monitor
PDCCH e.g. for reception of system information, paging (for notification of
update to system information) or the like.

[0836] Regarding determination according to subframe blanking, for
example, the WTRU may be configured by L3 such that one (or more) type(s)
of transmissions is not possible for some subframes. In this case, the WIRU
may determine that no uplink transmission is expected for the CG in the
subframe.

[0837] Regarding determination according to periods of absolute priority
in a power allocation period (e.g. for multi-RAT), for example, the WTRU may
be configured such that transmissions associated to a specific MAC entity
have absolute priority for one (or more) periods (or TTIs) within a configured
power allocation period. Such period(s) with absolute priority may be L3
configuration aspect, and/or may be determined based on dynamic aspects
such as L1/L2 control signaling as described in other sections. In this case,
the WTRU may determine that no uplink transmission is expected for the CG
in the corresponding power allocation period.

[0838] Dynamic aspects may include aspects associated with scheduling

activity and related signalling. For example, the WTRU may perform such
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determination according to at least one of DRX operation, RRC procedure,
Timing Alignment, or Enhanced Interference Mitigation and Traffic
Adaptation (“eIMTA”) UL/DL configuration.

[0839] Regarding determination according to DRX operation, the WTRU
may be configured with a DRX pattern and related parameters. Such pattern
may represent the time during which the WTRU may be scheduled for
transmissions (e.g. DRX Active Time). Such DRX Active Time may include an
On-Duration period, which occurs periodically and which has a fixed length.
Such DRX Active Time may be further controlled by the reception of downlink
control signaling such that the DRX Active Time may be extended (e.g. by
scheduling activity) or stopped until the start of the next On-Duration period
(e.g. by reception of a MAC DRX CE). Such DRX pattern and Active Time may
differ between CGs. Determination of such DRX patterns and Active Time (or
equivalent) may differ between CGs when configured with different radio
access technology. In an example, the WTRU may determine that no uplink
transmission is expected for the CG for subframe(s) during which the WTRU
knows that it is not part of DRX Active Time. In another example, the WTRU
may determine that no uplink transmission is expected for the CG for a subset
of subframe(s) during which the WTRU knows that it is not part of DRX
Active Time. This may be only for such subframe for which the WTRU knows
with absolute certainty, e.g. such as for the period that starts a certain
amount of processing time following the last subframe of the DRX Active Time
such that the DRX Active Time cannot be extended in the last few subframes
of the DRX Active Time and/or such as the period that start after the reception
of a MAC DRX CE. In both cases, the period may extend until the start of the
next On-Duration period or until the WTRU triggers a SR (possibly even up to
n+7 subframes following the transmission of the first SR for a given SR
trigger).

[0840] Regarding determination according to RRC procedure and
related interruption, the WTRU may initiate a L3/RRC procedure that leads
to an interruption of the radio front end associated to transmissions for one of

the CGs only. For example, the WTRU may receive a RRC Connection
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Reconfiguration message and initiate the reconfiguration of a CG. In such
case, the WTRU may be allowed to not be active in transmissions for up to a
certain amount of time, e.g. for 15 ms following the successful reception of the
RRC PDU. In this case, the WTRU may determine that no uplink
transmission is expected for the CG during that time. The WTRU may for
example determine that no uplink transmission is expected for the CG while
timer T304s is running. The WTRU may start T304s when it receives the RRC
Connection Reconfiguration message with the mobility control information
element that modifies the SCG. The WTRU may determine that no uplink
transmission is expected for the CG when it declares RLF for the CG. For
example, the WTRU may determine that RLF has occurred on the SCG and
declared S-RLF, which stops all uplink transmissions for the SCG until the
WTRU receives a reconfiguration that modifies the SCG.

[0841] Regarding determination according to maintenance of timing
alignment (synchronization state), the WI'RU may determine that no uplink
transmission is expected for the CG when a Timing Alignment Timer (TAT)
associated to the primary Timing Advance Group (pTAG) and/or associated to
the special cell of the CG (e.g. the PCell for the MCG, and the PSCell for the
SCG) is not running. WTRU may additionally determine that no uplink
transmission 1s expected for the CG between the subframe in which the
WTRU starts or restarts the TAT of the pTAG for the CG and until the first
occasion for an uplink transmission. For example, if the TAT is restarted from
the reception of a RAR that includes a TAC and a grant for an uplink
transmission in subframe n, the WTRU may determine that no uplink
transmission is expected for the CG until subframe n+x where x is the allowed
processing time (x may be equal to 6 ms, for example). This may thus include
the time during the RAR window (time while RA Response Timer is running)
as well as the time from the reception of the first grant in the RAR up of the
subframe for the first PUSCH transmission with this grant.

[0842] Regarding determination according to eIMTA uplink/downlink
configuration, the WTRU may determine that no uplink transmission is

expected for the CG based on the outcome of the procedure for determining the
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eIMTA-uplink/downlink configuration. Such determination may take place
based on the reception of PDCCH scrambled by a specific RNTI (eIMTA-RNTT)
in a previous subframe, or the absence of reception thereof, as well as higher
layer information.

[0843] WTRU autonomous determination may relate to
implementations where the WTRU may perform such determination according
to at least one of S-RLF, WTRU capabilities exceeded, in-device coexistence
(IDC) or other impairment situations.

[0844] Regarding determination according to S-RLF, the WTRU may
determine that no uplink transmission is expected for the CG when it declares
RLF for the CG. For example, the WI'RU may determine that RLF has
occurred on the SCG and declared S-RLF, which stops all uplink
transmissions for the SCG until the WTRU receives a reconfiguration that
modifies the SCG.

[0845] Regarding determination according to exceeded WTRU
capabilities, the WTRU may determine that no uplink transmission is
expected for the CG when it determines that one or more of its capabilities are
exceeded for a given period and/or subframe.

[0846] Regarding determination according to In-Device Coexistence
(IDC), a WTRU may autonomously ignore a grant and/or drop a transmission
if it has overlapping transmissions for another radio technology or other
reception such as GPS that could be disrupted, if such transmission(s) would
otherwise interfere with possibly critical transmissions of the other radio
technology. Such behavior may affect transmissions of a single CG, e.g. the CG
operating in the same frequency band as the other radio technology. Such
behavior may also be conditioned by a pattern known to the WTRU e.g. in case
of predictable traffic. In such case, the WTRU may determine that no uplink
transmission is expected for the CG when such overlap occurs.

[0847] Regarding determination according to other impairment
situations, the WTRU may determine that no uplink transmission is expected
for the CG when an impairment situation that precludes one or more

transmissions (or all) for a CG occurs for a given subframe.
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[0848] The WTRU may allocate some or all of the guaranteed power of
the second CG to transmissions of the first CG when it determines that there
is no transmission associated to the second CG for the concerned subframe
and/or overlapping period. In some implementations, the WTRU may perform
such reallocation of at least part of the guaranteed power of the second CG
only if it also determines that the similar condition is also determined for
transmissions of the second CG in the subsequent subframe and/or
overlapping period. For example, the WTRU may perform such reallocation of
the guaranteed power of the second CG only if it also determines that there is
no transmission expected for the second CG in the subsequent subframe
and/or overlapping period.

[0849] It may be determined whether or not the power required is
within a specific range. For example, in one method the WTRU may
determine whether or not the transmission power required for the second CG
in a given subframe may be equal or below a certain threshold (but possibly
non-zero).

[0850] In some implementations the WTRU may perform such
determination by considering only specific type(s) of uplink transmissions. For
example, the WTRU may perform such determination using the above
methods but only based on PUSCH transmissions, such that the WTRU may
determine that the total power required for PUSCH is zero. In some
implementations, the WTRU may perform such determination also including
any possible PRACH transmission. Further determination may be based on
other type(s) of transmission and/or of UCI type(s), e.g. PUCCH for
ACK/NACK, CQI, SR or SRS. Such further determination may be based on the
exact power requirement(s) of the CG for the concerned subframe, or based on
a probabilistic assessment (e.g. based on previous transmission levels for
similar transmissions and/or by taking into account a certain margin of error).
Such threshold may correspond a level that is below the value of guaranteed
power for the CG (hereafter Pxcg). Possibly, such threshold may correspond to
the value of Pxca applicable to the concerned subframe less a certain margin of

error. Such margin of error may correspond to the maximum open loop
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adjustment expected for a given period of time. Possibly, this corresponds to
the maximum step unit for such open loop adjustment.

[0851] Such further determination may be performed according to at
least one of UE-autonomous transmission or retransmission, data available
for transmission, Scheduling Request (SR) pending, last reported BSR, or L2
configuration, including DRB type.

[0852] Regarding determination according to UE-autonomous
transmission or retransmission, such transmission types may include a
configured uplink grant such that all parameters of a PUSCH transmission
may be known for a subframe n+4, a WTRU-autonomous non-adaptive
retransmission for an ongoing HARQ process that has not yet completed
successfully, and/or a downlink configured grant such that all parameters of a
possible PUCCH transmission (for HARQ ACK/NACK feedback) may be
known for subframe n+8, where subframe n is the scheduling occasion
corresponding to the scheduling (i.e. possibility to adapt) occasion for the
PUSCH or the PDSCH transmission, respectively. In this case, the WTRU
may determine the power required by such transmissions in advance of their
relative scheduling occasion in subframe n if it may also determine that no
other transmissions may be scheduled (or required), for example based on
other methods as described herein and including the case where the subframe
in question corresponds to the scheduling occasion (e.g. subframe n) such that
the concerned transmissions or retransmissions may be performed but may
not be adapted. This may also be applicable for any HARQ processes that are
suspended and that may not be restarted such that the WTRU is not expected
to perform an autonomous non-adaptive retransmission in the concerned
subframe (i.e. the WTRU may determine that zero power is required for such
processes).

[0853] Regarding determination according to data available for
transmission, the WTRU may determine that there is no data available for
transmission for a given subframe for a given CG, such that reception of a
grant would lead to transmission of padding information or no transmission at

all. In this case, the WTRU may determine that zero power is required for
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PUSCH for the CG in the concerned subframe, although other transmissions
may be possible.

[0854] Regarding determination according to whether a scheduling
request (SR) is pending, The WTRU may determine that it has triggered a SR.
In this case, the WTRU may determine that no PUSCH transmission(s) are
expected from the time the WTRU triggers the SR until the time it may first
receive a grant for an uplink transmission e.g. at least until the subframe of
the initial transmission of the SR and possibly up to a certain (eNB)
processing time after (e.g. 3 ms). The WTRU may however take into account
the (exact, or maximum possible) power required for SR on PUCCH (Gaf
applicable) or the power required for one or more preamble transmissions or
retransmissions (otherwise) for the applicable subframe (D-SR occasion or
PRACH occasion, respectively) during this interval. In some implementations
the WTRU may consider this aspect only if the SR was triggered due to new
data becoming available for transmission while the WTRU’s buffers for radio
bearers (or LCH) associated to the CG were previously empty.

[0855] Regarding determination according to a last reported BSR, the
WTRU may determine that it last reported a certain amount of data in its
buffers and determine from this that it may no longer receive grants for
uplink transmission that would be useful for transmission of any data for
bearers associated to a given CG. For example, the WITRU may have last
reported empty buffers, e.g. by including a padding BSR in the last uplink
transmission, possibly only if no new data has been made available for
transmission for the CG since the last transmission of a BSR. In this case, the
WTRU may determine that no PUSCH transmission(s) are expected for a
given subframe during which this condition may be true.

[0856] Regarding determination according to L2 configuration, including
DRB type, the WTRU may determine that it is configured such that no user
plane traffic may be transmitted using resources of the CG. In this case, the
WTRU may determine that no PUSCH transmission or transmissions are

expected for the CG for a given subframe.
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[0857] For example, the WTRU may determine that the SCG is
configured only with a split DRB (for the downlink) such that the uplink path
1s mapped only to the other CG i.e. the MCG. In this case, only L2 control
PDUs may be carried on PUSCH, if any. For example, the WTRU may be
configured with split DRBs (e.g. DRBs that are associated to both CGs at least
for downlink traffic) and without SCG-only DRB. In this case, if the WTRU is
additionally configured such that a single uplink path (or CG) may be used for
transmission of user plane data (e.g. PDCP PDUs) and this CG is the MCG,
then the WTRU may determine that no user plane data is expected to be
transmitted using uplink resources of the SCG. The WTRU may determine
that PUCCH, SRS, PRACH may be expected while for PUSCH only
transmissions using small transport blocks (e.g. containing RLC control
PDUs) may be expected sporadically at times known by the WTRU. For
example, the WTRU may be configured with split DRBs (e.g. DRBs that are
associated to both CGs at least for downlink traffic) and without MCG-only
DRBs. In this case, if the WTRU is additionally configured such that a single
uplink path (or CG) may be used for transmission of user plane data (e.g.
PDCP PDUs) and this CG is the SCG, then the WTRU may determine that no
user plane data is expected to be transmitted using uplink resources of the
SCG. The WTRU may determine that PUCCH, SRS, PRACH may be expected
while for PUSCH only transmissions using small transport blocks (e.g.
containing RLC control PDUs) or transmissions containing SRB data may be
expected, both sporadically at times known to the WTRU.

[0858] In another example, the WTRU may determine that it is not
expected to perform any transmission of a specific type using uplink resources
associated to a specific CG. For example, the WTRU may determine that it is
not expected to perform any PUSCH transmission (e.g. such that only
PRACH, PUCCH, SRS may be possible). For example, the WTRU may
determine this based on the level of data available for UL transmission in the
WTRU'’s buffer associated to this CG. For example, the WTRU may determine
that it has no data available for transmission for this CG or otherwise that

such nonzero amount of data can be served by granted resources already
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known to the WTRU and applicable to a different subframe. For example, the
WTRU may also determine that any PUCCH/SRS would not exceed a certain
amount within the guaranteed power (PL estimate, few semi-static
parameters e.g. PUCCH format). Such determination may be possible because
the information that may not be available to the WTRU may only cause an
error in the setting of the power up to a maximum threshold e.g. such as 3db
in case of a TPC command, which error may be accounted for in the setting of
the transmission power. For example, the WTRU may also determine the
power setting for a Periodic SRS transmission in advance as the setting of the
power for such transmission is based on a semi-static configuration. For
example, the WTRU may also determine whether or not power is required for
an Aperiodic SRS transmission using similar methods as for determination for
PUSCH transmission, because the request for an Aperiodic SRS transmission
1s typically received together with a grant for a PUSCH transmission. In other
words, the WTRU determines that it is not expected to transmit an Aperiodic
SRS when it determines that it i1s not expected to perform a PUSCH
transmission e.g. using methods described herein. In some implementations
the WTRU may determine an upper bound for all transmissions of the CG for
a given subframe, based on such determinations as described above. Such
upper bound may be a function of the estimated path loss and/or the format of
the transmissions for the concerned subframe or the like (e.g. PUCCH format.)
[0859] The WTRU may allocate some or all of the guaranteed power of
the second CG possibly up to a value equal to the applicable threshold less the
calculated or estimated amount or required power for transmissions of the
second CG. Such power may be reallocated to transmissions of the first CG.
In some implementations, power may be reallocated to transmissions of the
first CG only if the required power for a specific type of transmission is equal
(or at least expected to be equal) to zero e.g. there are no PUSCH
transmissions for the second CG.

[0860] In some implementations the WTRU may perform such
reallocation of at least part of the guaranteed power of the second CG only if it

also determines that the similar condition is also determined for
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transmissions of the second CG in the subsequent subframe and/or
overlapping period. For example, the WTRU may perform such reallocation of
at least part of the guaranteed power of the second CG only if it also
determines that at least the same level of reallocated power is not expected to
be required for transmissions of the second CG in the subsequent subframe
and/or overlapping period.
[0861] In one method, the WTRU may first perform such determination
for a given subframe by performing at least one of the following steps, possibly
in the order listed below:
1. The WTRU may first calculate the Pcmax for the possible overlapping
part of the transmissions across both CGs;
2. The WTRU may then calculate power requirements for the second CG;
3. If the (possibly, estimation of the) power required for the second CG is
less than the power corresponding to the guaranteed portion of Pcmax,
the WTRU may reallocate the unused part of such portion to
transmission(s) of the other CG.
[0862] In some implementations the WTRU may perform such
determination only when the WTRU is configured with PCM2. In some
implementations the WTRU may apply such determination only if the WTRU
reports that it supports such capability. In some implementations the WTRU
may apply such determination only if the WTRU is explicitly configured to
perform such determination. In some implementations the WTRU may apply
such determination only such that it can reclaim some of the guaranteed
power of a second CG to the benefit of a first CG. For example, the first CG
may be the MCG always, or the CG that is associated to transmissions that
occurs earliest in time for a given subframe. For example, the second CG may
be the SCG always, or the CG that is associated to transmissions that occurs
latest in time for a given subframe.
[0863] If the WTRU makes an incorrect determination such that
scheduling requires the WTRU to allocate more power to transmissions of a
specific CG while the CG has insufficient power (including less power than the

guaranteed amount) due to power reallocation according to the above methods
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for a given subframe, the WTRU may simply apply other prioritization
methods such as e.g. scaling within the reallocated amount. In such case, the
WTRU may refrain from such power reallocation in subsequent subframe(s).
In some implementations the WTRU may refrain from such power reallocation
until it determines that any impacted transmission has succeeded and/or until
the WTRU determines that it is not power limited.

[0864] Additional signalling methods supporting scheduling cooperation
are further discussed herein. Methods are described herein whereby the
WTRU may report certain aspects to one or more scheduling functions for the
purpose of improving cooperation between schedulers. Signalling methods and
other aspects described below may additionally apply to methods described in
other sections herein. For example, happy bit indication may use similar
signaling as described below. Similarly, signaling described below may
alternatively be combined with methods described in other sections herein.
[0865] In an example scenario for illustrating additional signalling
methods supporting scheduling cooperation, a WTRU may be associated with
a specific category in terms of its capabilities. Such capability may include
(but is not limited to) sustained data rate and processing e.g. in terms of
number of soft buffer bits that can be handled (e.g. received and/or
transmitted) in a given period of time (e.g. a TTI or a subframe). For example,
a WTRU supporting LTE Carrier Aggregation with 2 uplink carriers may
support a Dual Connectivity feature with a synchronous mode of operation
(e.g. PCM1 only) or both the synchronous and the asynchronous modes of
operation based on their declared capabilities. Based on the WTRU’s category,
such WTRUs may thus have a similar sustained data rate and processing
capabilities.

[0866] When a WTRU is configured with more than one serving cell
according to LTE CA, a single scheduler may drive the data rate and the
scheduling opportunities. This may enable a well-defined DL/UL traffic flow
that can be based on a WTRU declared category. In such a controlled
environment, it may be expected that the WTRU will support its sustained

data rates and that its processing capabilities should not be exceeded.
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[0867] However, in a WTRU configured with more than one serving cell
according to LTE Dual Connectivity, scheduling of the WTRU may involve
independent schedulers operating in separate eNBs. The concerned eNBs may
coordinate (e.g. using X2 signalling) a number of aspects related to the
WTRU’s capability. Such aspects may include (but are not limited to) buffer
data split in downlink, buffer data split in the uplink, maximum number of
UL-SCH transport block bits transmitted in a TTI, maximum number of DL-
SCH transport block bits received in a TTI, and/or total available power in the
form of UL power ratio between cell groups (e.g. Pmens and Psens) for uplink
transmissions. While the WTRU category is known, the opportunistic
scheduling in both MeNB and SeNB may lead to a WTRU processing overload,
such that one (or more) of the WTRU’s capabilities might be exceeded. For
example, the WTRU may experience a soft buffer shortage or may not have
enough processing power to get its physical layer soft buffers released fast
enough. Such situation may arise and may eventually lead to other
impairments that may further impact the operation of the physical layer
and/or the operation of other protocols such as L2 protocols (MAC, RLC,
PDCP). For example, such impairment may include a failure to successfully
complete an uplink HARQ process which may in turn cause a RLF (for a
primary MAC instance, MCG) or an interruption of all uplink transmissions
with the trigger for an uplink notification (for a secondary MAC instance,
SCQG).

[0868] Methods are described below which may overcome such
problems. The following described solutions may be used as standalone
methods, in combination with each other, or in combination with other
methods described in other sections, and include methods to determine an
impairment condition, methods to signal an impairment condition, further
methods for a condition related to uplink transmissions, and a trigger for S-
RLF.

[0869] Methods to determine an impairment condition are further
discussed herein. For example, the WTRU may detect that at least one of its

capabilities are exceeded, and may initiate a procedure to signal such
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condition to the network (e.g. signaling towards either the MeNB, the SeNB or
both). Such capabilities may include the total maximum number of UL-SCH
transport block bits transmitted in a TTI, the total maximum number of DL-
SCH transport block bits received in a TTI, the total amount of WITRU
available power or more generally a threshold related to processing
capabilities. Similarly, such signaling may be triggered when a condition
related to QoS is not met, or similar.

[0870] The WTRU may initiate signaling of such a condition according
to at least one of the possible triggers: 1) a threshold being exceeded for a
certain amount of time (a timer may set before triggering such that the state
has been sustained for a certain amount of time) or 2) a threshold being
exceeded in a specific CG, i.e. either the MCG or the SCG (a timer, e.g. one for
each CG, may be envisioned here before triggering such that the state has
been sustained for some time).

[0871] In some implementations such indication may apply per MAC
instance and/or per CG. In some implementations such indication may apply
per WTRU. Optionally, such indication may be per carrier and/or per serving
cell.

[0872] Additionally, the above triggers may be linked through a DL/UL
2 bit combination indicating the transmission direction of the processing issue
that is being problematic.

[0873] In some implementations, either in combination with the above
or alternatively to such signaling, the WTRU may apply any other configured
prioritization function during such period e.g. such as the use of one or more
alternative grant(s) as described herein.

[0874] Methods to signal an impairment condition are further discussed
herein. Such methods may include specific values in CQI reporting,
indications on PUCCH or in UCI on PUSCH, indications using a CSI feedback
process, indications using SR over PUCCH, and/or indications using MAC CE
signaling, as further discussed below.

[0875] When the WTRU initiates the signaling of an impairment

condition, e.g. using triggers as described above or any other trigger, the
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WTRU may use signaling as described below. Upon reception of such
indication, the concerned eNB may use a more conservative scheduling
approach such as lowering the transport block size, scheduling less frequently
or simply stop scheduling the WTRU e.g. until an indication that the condition
is no longer valid. For example such indication may be a valid CQI value (i.e.
CQI back in range) signaled by the WTRU.

[0876] In some implementations, the methods described to signal an
impairment condition may be applied only to indicate the condition associated
with a specific transmission direction e.g. for downlink transmissions such as
the maximum number of DL-SCH transport block bits received in a TTI has
been exceeded or e.g. for uplink transmissions such as the maximum number
of UL-SCH transport block bits to be transmitted in a TTI has been exceeded.
[0877] Specific value in CQI reporting is further discussed herein. In
one method, upon detection of such an impairment condition or when
reaching/approaching or overshooting a threshold and possibly for a certain
amount of time, the WTRU may signal such condition using a specific CQI
value in the signaling for CQI reporting. For example, the WTRU may use the
out-of-range (OOR) CQI value. Such indication may be triggered such that it is
transmitted using resources of a single CG, or both CGs.

[0878] Indication on PUCCH or in UCI on PUSCH is further discussed
herein. In one method, the WTRU may use one (or more) bit(s) signaled on
PUCCH or inside UCI transmitted on PUSCH to indicate the impairment
condition. For example, for PUCCH, format 1b (2 bits) may be used such that
the second bit may report the condition. For example, one bit in PUCCH
format 3 may be reserved for such indication.

[0879] Indication using a CSI feedback process is further discussed
herein. In one method, the WTRU may be configured with a dedicated second
CSI feedback process for indicating an impairment condition. For example, the
WTRU may use the CSI feedback process to provide overload state indication/
clearance per MAC entity, per CG or even per carrier.

[0880] This indication may be extended to a mapping similar to that
described herein for MAC CE signaling.
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[0881] Indication using Scheduling Request (SR) over PUCCH is further
discussed herein. In one method, the WTRU may use a Scheduling Request
message to indicate such impairment condition. For example, for PUCCH,
format 1b (2 bits) may be used such that the second bit may report the
condition. The reinterpretation of the bits contained in the SR message for
indication/clearance and other mapping information per eNB/carrier may also
be possible.

[0882] Indication using MAC CE signaling is further discussed herein.
In one method, the WTRU may use a MAC CE for signaling of such
impairment condition. For example, the MAC CE may contain a map of the
WTRU load per MAC instance or per CG. Such mapping may be for a single
direction (uplink or downlink), or for both. This map may be expressed in
percentages, may express the current load on DL, UL or both and may have a
sufficient granularity for eNB to adjust the traffic. This mapping may be per
carrier/direction and may simply indicate which carrier/direction is the most
problematic. Such MAC CE may be sent to a single eNB or both MeNB and
SeNB.

[0883] Further methods for a condition related to uplink transmissions
are further discussed herein. In one method, such condition resulting from
uplink transmissions and/or uplink scheduling instructions may be mitigated
by using the proposed alternative grant in the uplink direction as described
herein. The WTRU may use such condition for the selection of an alternative
grant using the overload processing or soft bits memory depletion as a trigger.
In this case, the WTRU may lower the grant for its uplink transmissions. In
some implementations, the WTRU may perform such alternative grant
selection only for a period during which the condition is experienced such as in
a period in processing overload state and/or only for UL overload or power
limitation.

[0884] The WTRU may use the alternative grant selection method in
combination with any of the signaling methods described in this document for

indicating such condition e.g. the processing overload state.
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[0885] A trigger for S-RLF with new cause is further discussed herein.
In one method, the WTRU may avoid failure for an ongoing HARQ process by
performing additional behavior upon detection of such condition. This may be
useful to avoid a HARQ failure that would be a consequence of such condition
such that the WTRU may remain with suitable connectivity towards the
network.

[0886] The WTRU may autonomously stop all uplink transmissions for
the SCG if it determines such condition. Additionally, the WTRU may initiate
uplink signaling to indicate the condition using uplink resources of the MCG.
Such indication may be according to signaling described above. Such signaling
may be L3/RRC signaling such as the WTRU failure notification procedure. In
the latter case, the WTRU may determine that the SCG is experiencing S-RLF
when such condition is detected e.g. once the impairment state is sustained for
a certain amount of time. The WTRU may report a new condition such as
“WTRU capabilities exceeded” or similar.

[0887] For example, the WTRU may start a timer when a certain
processing power percentage is reached or when a threshold corresponding to
one aspect of its capabilities is exceeded. If this state is sustained over a
certain amount of time, the timer will expire and the S-RLF procedure can be
nitiated. The WTRU will indicate the condition to the MeNB and it will stop
all transmissions using resources associated with the SeNB. In some
implementations, the WTRU may continue performing measurements, as well
as its monitoring of the radio link. It may also maintain its protocol entities
and user plane buffer; until MeNB will reconfigure the WTRU (remove the
SeNB connection).

[0888] Prioritization and Power allocation between MAC instances of
different RATSs is further discussed herein. An example embodiment based on
guaranteed power and different TTI lengths e.g. for multi-RAT is further
discussed herein. An example wherein a WTRU determines the power
allocation period and related timing of the prioritization function is further

discussed herein.

-212-



[0889] In one method, the WTRU may be configured with CGs
associated to TTIs of different duration. For example, the WTRU may be
configured with a primary MAC entity associated to a LTE physical layer (e.g.
1ms TTI); the WTRU may additionally be configured with a secondary MAC
entity associated to a HSPA physical layer (e.g. 2ms TTI) or with a secondary
MAC entity associated to a Wifi physical layer. The WTRU may perform any
of the prioritization methods described herein, and in this case apply such
prioritization using a period that corresponds to the longest TTIs across all
configured MAC instances. Alternatively, such period may correspond to an
integer multiple of the shortest TTI across all configured MAC entities which
multiple corresponds to the smallest common denominator for all configured
physical layer. Such period may be configured by higher layer (e.g. L3/RRC).
The WTRU may determine the start of such period based on the timing of a
specific MAC entity and/or based on the downlink timing of a specific cell of
the WTRU’s configuration for that specific MAC entity. Such cell may be a
primary cell of the primary MAC entity. Such timing may be the downlink
timing for such cell. Such period may correspond to a configured power

allocation period

[0890] Guaranteed power per power allocation period is further
discussed herein. The WTRU may be configured with a minimum guaranteed
power for different CGs (or MAC instances). Possibly, the WTRU may
additionally be configured with a power control mode (PCM) or, the WTRU
may determine what PCM to use based on the type of radio access technology
associated with the configuration of each MAC entity. The WTRU may apply
one or more prioritization function and/or power allocation function per power
allocation period. The WTRU may apply the configured minimum guaranteed
power per power allocation period. For example, the configuration of power
allocation periods may include an indication of priority for the concerned MAC
entity for one or more period. For example, for some periods, a primary MAC
entity may have absolute priority over the other MAC entity. For example, for
some periods, the WTRU may instead allocate (or reserve) an amount of power

corresponding to the configured guaranteed power to each MAC entity. Look
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ahead and scheduling uncertainty for a MAC entity with shortest TTI length
1s further discussed herein. The WTRU may determine how to perform power
allocation at the start of the power allocation period. The WTRU may have the
capability to determine all required (or possible) uplink transmissions for the
secondary MAC entity (e.g. the physical layer with the longest TTI length)
while it may only have the capability to determine a subset of the
transmissions required for the primary MAC entity (e.g. the physical layer
with the shortest TTI length). In such case, the WTRU may first determine
the respective priority associated to the transmission of each MAC entity (e.g.
according to any other method described herein). If such determination is
based on one or more dynamic aspects and if such dynamic aspect(s) include at
least some of the dynamic scheduling information (e.g. at least for the primary
MAC entity), the WTRU may determine an amount of power to be assigned to
each MAC instance of the power allocation period based on at least the
transmission requirements for (and/or based on the prioritization function
applied using) the first TTI of the primary MAC entity. The WTRU may then
apply the same amount to subsequent TTIs of the same power allocation
period. For example, if the WTRU determines from the priority associated to
each MAC entity that the primary MAC entity shall have absolute priority for
the entire power allocation period, the WTRU may use the total WTRU
available power for the transmissions of that MAC entity for all TTIs of the
power allocation period. For example, if the WTRU determines from the
applicable prioritization function that the total available power of the WTRU
is split to different MAC entities according to a specific ratio for transmission
starting at the beginning of the power allocation period, the WTRU may
enforce the same ration for all TTIs of the power allocation period. Such

prioritization function may be a semi-static split of the total available power.

[0891] Power allocation period aligned with DRX / DTX functionality is
further discussed herein. In one example, a period associated with an
absolute priority for a specific MAC instance may correspond (or be aligned
with) an inactivity period of the other MAC entity. Such inactivity period may

be based on a DRX algorithm or equivalent. Conversely, a period associated
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with an absolute priority for a specific MAC instance may induce an inactivity

period for the other MAC entity.

[0892] Calculation of total available uplink power for first RAT uses
reduction due to other MAC/RAT entity is further discussed herein. In one
example, the WTRU may calculate the total amount of available power for
uplink transmission for transmissions associated to one (or more) MAC
entities of the same type of radio access technology as a function of the power
allocation in one (or more) MAC entities of a different type of radio access
technology. For example, for transmissions associated to a LTE MAC entity
the WTRU may deduce a certain amount of power allocated to the other MAC
entity (e.g. Puspa for HSPA or Pwirr for Wifi) and apply such amount as a
power reduction when calculating Pcmax. For example, the configured

maximum output power Pcmax,c may be set within the following bounds:

Pevax e < Pemaxe < Pemax Hie

with
Povax e = MIN {Pemaxe — ATce,  ProwerClass —
MAX(DCPR; + MPR: + A-MPR: + ATis. + ATc., P-
MPRC)} PCMAX_H,C = MIN {PEMAX,C, PPowerClass}>

[0893] Where DCPR; is the power made available to each MAC entity i

that is of a different type of radio access technology than the LTE MAC
entity(ies) and where other parameters may correspond to 3GPP TS 36.101
v12.5.0 (2014-09) section 6.2.5, for example. Possibly, DCPR; may vary as a
function of a prioritization function such as any method described herein.
Possibly, the WTRU may perform such calculation once per power allocation

period.

[0894] A permanent hard split is further discussed herein. In another
method, the WTRU may be configured with different values for the maximum
allowed WTRU output power per MAC entity and/or per MAC entity of the
same radio access technology e.g. Prmax or equivalent. Such value may
correspond to DCPR; above when calculating available WTRU power for LTE
MAC entity(ies).
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[0895] Although features and elements are described above in particular
combinations, one of ordinary skill in the art will appreciate that each feature
or element can be used alone or in any combination with the other features
and elements. In addition, the methods described herein may be implemented
in a computer program, software, or firmware incorporated in a computer-
readable medium for execution by a computer or processor. Examples of
computer-readable media include electronic signals (transmitted over wired or
wireless connections) and computer-readable storage media. Examples of
computer-readable storage media include, but are not limited to, a read only
memory (ROM), a random access memory (RAM), a register, cache memory,
semiconductor memory devices, magnetic media such as internal hard disks
and removable disks, magneto-optical media, and optical media such as CD-
ROM disks, and digital versatile disks (DVDs). A processor in association
with software may be used to implement a radio frequency transceiver for use
in a WTRU, UE, terminal, base station, RNC, or any host computer.
[0896] EMBODIMENTS:

1. A method for allocating uplink transmission power of a wireless
transmit/receive unit (WTRU) during a time interval, the method comprising:

configuring the WTRU with a first minimum guaranteed power for first
uplink transmissions from the WTRU using uplink resources of at least one
cell of a first cell group (CG); and

configuring the WTRU with a second minimum guaranteed power for
second uplink transmissions from the WTRU using uplink resources of at
least one cell of a second CG;

wherein the first minimum guaranteed power and the second minimum
guaranteed power are each a ratio of a total power (Pcmax) available to the
WTRU for uplink transmissions during the time interval; and

wherein a remaining power equals Pcmax minus the total of the first
minimum guaranteed power and the second minimum guaranteed power.

2. The method of embodiment 1, further comprising:

allocating, by the WTRU, up to the first minimum guaranteed power for

the first uplink transmissions;
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allocating, by the WTRU, up to the second minimum guaranteed power
for the second uplink transmissions; and

allocating, by the WTRU, the remaining power for the first uplink
transmissions, for the second uplink transmissions, or for both the first uplink
transmissions and the second uplink transmissions.

3. The method of embodiment 2, wherein the remaining power is
allocated on a per-transmission basis.

4. The method of embodiment 3, wherein each of the first uplink
transmissions and second uplink transmissions has an associated priority and
the remaining power is allocated to the first uplink transmissions and second
uplink transmissions according to a priority order of the first uplink
transmissions and second uplink transmissions.

5. The method of embodiment 4, wherein the priority is based on an
uplink control information (UCI) type.

6. The method of embodiment 1, further comprising:

reserving up to the first minimum guaranteed power for the first uplink
transmissions;

reserving up to the second minimum guaranteed power for the second
uplink transmissions; and

making the remaining power available for the first uplink
transmissions on a condition that, during the time interval, an earliest
transmission is scheduled to occur using the uplink resources of the at least
one cell of the first CG; and

making the remaining power available for the second uplink
transmissions on a condition that, during the time interval, the earliest
transmission is scheduled to occur using the uplink resources of the at least
one cell of the second CG.

7. The method of embodiment 1, further comprising:

reserving up to the first minimum guaranteed power for the first uplink
transmissions;

reserving up to the second minimum guaranteed power for the second

uplink transmissions; and
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on a condition that, during the time interval, an earliest transmission is
scheduled to occur using the uplink resources of the at least one cell of the
first CG,

making the remaining power available for the first uplink
transmissions,

allocating the remaining power to the first uplink transmissions up to
the total power required for the first uplink transmissions, and

making a remainder of the remaining power, which was not allocated to
the first uplink transmissions, available for the second uplink transmissions;
and

on a condition that, during the time interval, the earliest transmission
is scheduled to occur using the uplink resources of the at least one cell of the
second CG,

making the remaining power available for the second uplink
transmissions,

allocating the remaining power to the second uplink transmissions up
to the total power required for the second uplink transmissions, and

making a remainder of the remaining power, which was not allocated to
the second uplink transmissions, available for the first uplink transmissions.

8. The method of embodiment 1, further comprising

on a condition that a subframe of the first CG asynchronously overlaps
in time a subframe of the second CG and the subframe of the first CG leads in
time the subframe of the second CG:

calculating a first power range based on the subframe of the first CG
and the subframe of the second CG;

calculating a second power range based on the subframe of the first CG
and a preceding subframe of the second CG which overlaps in time the
subframe of the first CG;

determining a minimum value for Pcmax as a lesser of a lowest value of
the first power range and a lowest value of the second power range; and

determining a maximum value for Pcmax as a greater of a highest

value of the first power range and a highest value of the second power range.
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9. The method of embodiment 4, further comprising

on a condition that one of the first uplink transmissions and one of the
second uplink transmissions have a same priority order, determining whether
the first CG or the second CG comprises a master CG (MCGQG);

on a condition that the first CG comprises an MCG, prioritizing the one
of the first uplink transmissions for allocation of the remaining power; and

on a condition that the second CG comprises an MCG, prioritizing the
one of the second uplink transmissions for allocation of the remaining power.

10. The method of embodiment 1, further comprising calculating, by
the WTRU, a required power for each of the first uplink transmissions and
second uplink transmissions prior to allocating power for the first uplink
transmissions and second uplink transmissions.

11.  The method of embodiment 10, further comprising allocating, by
the WTRU, a portion of the remaining power to each of the first uplink
transmissions and second uplink transmissions in a decreasing priority order.

12. The method of embodiment 1, further comprising, on a condition
that the WTRU is power limited, configuring the WTRU with a first power
control mode (PCM1) or a second power control mode (PCM2) based on a
capability of the WTRU; and allocating power for the first uplink
transmissions and second uplink transmissions according to PCM1 on a
condition that PCM1 is configured, and according to PCM2 on a condition that
PCM2 is configured.

13.  The method of embodiment 1, wherein the first CG comprises a
master cell group (MCG) and wherein the second CG comprises a secondary
cell group (SCG).

14. A transmit/receive unit (WTRU) configured for allocating uplink
transmission power of a wireless during a time interval, the WTRU
comprising:

circuitry adapted to configure the WTRU with a first minimum
guaranteed power for first uplink transmissions from the WTRU using uplink

resources of at least one cell of a first cell group (CG); and
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circuitry adapted to configure the WTRU with a second minimum
guaranteed power for second uplink transmissions from the WTRU using
uplink resources of at least one cell of a second CG;

wherein the first minimum guaranteed power and the second minimum
guaranteed power are each a ratio of a total power (Pcmax) available to the
WTRU for uplink transmissions during the time interval; and

wherein a remaining power equals Pcmax minus the total of the first
minimum guaranteed power and the second minimum guaranteed power.

15. The WTRU of embodiment 14, further comprising:

circuitry configured to allocate, by the WTRU, up to the first minimum
guaranteed power for the first uplink transmissions;

circuitry configured to allocate, by the WTRU, up to the second
minimum guaranteed power for the second uplink transmissions; and

circuitry configured to allocate, by the WTRU, the remaining power for
the first uplink transmissions, for the second uplink transmissions, or for both
the first uplink transmissions and the second uplink transmissions.

16. The WTRU of embodiment 15, wherein the remaining power is
allocated on a per-transmission basis.

17. The WTRU of embodiment 16, wherein each of the first uplink
transmissions and second uplink transmissions has an associated priority and
the remaining power is allocated to the first uplink transmissions and second
uplink transmissions according to a priority order of the first uplink
transmissions and second uplink transmissions.

18. The WTRU of embodiment 17, wherein the priority is based on
an uplink control information (UCI) type.

19. The WTRU of embodiment 14, further comprising:

circuitry configured to reserve up to the first minimum guaranteed
power for the first uplink transmissions;

circuitry configured to reserve up to the second minimum guaranteed
power for the second uplink transmissions; and

circuitry configured to make the remaining power available for the first

uplink transmissions on a condition that, during the time interval, an earliest
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transmission is scheduled to occur using the uplink resources of the at least
one cell of the first CG; and

circuitry configured to make the remaining power available for the
second uplink transmissions on a condition that, during the time interval, the
earliest transmission is scheduled to occur using the uplink resources of the at
least one cell of the second CG.

20. The WTRU of embodiment 14, further comprising:

circuitry configured to reserve up to the first minimum guaranteed
power for the first uplink transmissions;

circuitry configured to reserve up to the second minimum guaranteed
power for the second uplink transmissions; and

circuitry configured to, on a condition that, during the time interval, an
earliest transmission is scheduled to occur using the uplink resources of the at
least one cell of the first CG,

make the remaining power available for the first uplink transmissions,

allocate the remaining power to the first uplink transmissions up to the
total power required for the first uplink transmissions, and

make a remainder of the remaining power, which was not allocated to
the first uplink transmissions, available for the second uplink transmissions;
and

circuitry configured to, on a condition that, during the time interval, the
earliest transmission is scheduled to occur using the uplink resources of the at
least one cell of the second CG,

make the remaining power available for the second uplink
transmissions,

allocate the remaining power to the second uplink transmissions up to
the total power required for the second uplink transmissions, and

make a remainder of the remaining power, which was not allocated to
the second uplink transmissions, available for the first uplink transmissions.

21. The WTRU of embodiment 14, further comprising:
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circuitry configured to, on a condition that a subframe of the first CG
asynchronously overlaps in time a subframe of the second CG and the
subframe of the first CG leads in time the subframe of the second CG:

calculate a first power range based on the subframe of the first CG and
the subframe of the second CG;

calculate a second power range based on the subframe of the first CG
and a preceding subframe of the second CG which overlaps in time the
subframe of the first CG;

determine a minimum value for Pcmax as a lesser of a lowest value of
the first power range and a lowest value of the second power range; and

determine a maximum value for Pcmax as a greater of a highest value
of the first power range and a highest value of the second power range.

22. The WTRU of embodiment 14, further comprising:

on a condition that one of the first uplink transmissions and one of the
second uplink transmissions have a same priority order, determining whether
the first CG or the second CG comprises a master CG (MCG);

on a condition that the first CG comprises an MCG, prioritizing the one
of the first uplink transmissions for allocation of the remaining power; and

on a condition that the second CG comprises an MCG, prioritizing the
one of the second uplink transmissions for allocation of the remaining power.

23. The WTRU of embodiment 14, further comprising circuitry
configured to calculate a required power for each of the first uplink
transmissions and second uplink transmissions prior to allocating power for
the first uplink transmissions and second uplink transmissions.

24. The WTRU of embodiment 23, further comprising circuitry
configured to allocate a portion of the remaining power to each of the first
uplink transmissions and second uplink transmissions in a decreasing priority
order.

25. The WTRU of embodiment 14, further comprising, circuitry
configured to, on a condition that the WTRU is power limited, configure the
WTRU with a first power control mode (PCM1) or a second power control

mode (PCM2) based on a capability of the WTRU; and circuitry configured to
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allocate power for the first uplink transmissions and second uplink
transmissions according to PCM1 on a condition that PCM1 is configured, and
according to PCM2 on a condition that PCM2 is configured.

26. The WTRU of embodiment 14, wherein the first CG comprises a
master cell group (MCG) and wherein the second CG comprises a secondary
cell group (SCG).

27. A method for reporting power headroom information from a
wireless transmit/receive unit (WTRU) which is in communication with a first
cell group (CG1) and in communication with a second cell group (CG2), each of
CG1 and CG2 including at least one cell, the method comprising:

determining, by the WTRU, whether a trigger condition exists; and

on a condition that the trigger condition exists, transmitting the power
headroom information;

wherein the trigger condition comprises a scheduling condition and/or
power allocation condition.

28.  The method of embodiment 27, wherein the power headroom
information is transmitted as a power headroom report (PHR).

29.  The method of embodiment 27 wherein the trigger condition
comprises a power limitation for uplink transmissions from the WTRU using
uplink resources of CG1, on a condition that the power limitation is induced
by a scheduling of uplink transmissions from the WTRU using uplink
resources of CG2.

30. The method of embodiment 27, wherein the trigger condition
comprises a change in a relative power allocation priority between CG1 and
CG2.

31. The method of embodiment 27, wherein the trigger condition
comprises a change in a level of scaling applied to uplink transmissions from
the WTRU using uplink resources of CG1 or CG2.

32. The method of embodiment 27, wherein the trigger condition
comprises a quality of service QoS metric for uplink transmissions from the

WTRU using uplink resources of CG1 falling below a threshold.
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33.  The method of embodiment 27, wherein the trigger condition
comprises an increase in a required power for uplink transmissions from the
WTRU using uplink resources of CG1 or CG2.

34. A wireless transmit/receive unit (WTRU) configured for reporting
power headroom information when in communication with a first cell group
(CG1) and in communication with a second cell group (CG2), each of CG1 and
CG2 including at least one cell, the WTRU comprising:

circuitry configured to determine whether a trigger condition exists;
and

circuitry configured to, on a condition that the trigger condition exists,
transmit the power headroom information;

wherein the trigger condition comprises a scheduling condition and/or
power allocation condition.

35. The WTRU of embodiment 34, wherein the power headroom
information is transmitted as a power headroom report (PHR).

36. The WTRU of embodiment 34, wherein the trigger condition
comprises a power limitation for uplink transmissions from the WTRU using
uplink resources of CG1, on a condition that the power limitation is induced
by a scheduling of uplink transmissions from the WTRU using uplink
resources of CG2.

37. The WTRU of embodiment 34, wherein the trigger condition
comprises a change in a relative power allocation priority between CG1 and
CG2.

38. The WTRU of embodiment 34, wherein the trigger condition
comprises a change in a level of scaling applied to uplink transmissions from
the WTRU using uplink resources of CG1 or CG2.

39. The WTRU of embodiment 34, wherein the trigger condition
comprises a quality of service QoS metric for uplink transmissions from the
WTRU using uplink resources of CG1 falling below a threshold.

40. The WTRU of embodiment 34, wherein the trigger condition
comprises an increase in a required power for uplink transmissions from the

WTRU using uplink resources of CG1 or CG2.
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41. A method for reporting information regarding data available in a
buffer of a wireless transmit/receive unit (WTRU) which is in communication
with a first cell group (CG1) served by a first eNodeB (eNB1), and in
communication with a second cell group (CG2) served by a second eNodeB
(eNB2), each of CG1 and CG2 including at least one cell, the method
comprising:

determining, by the WTRU, whether a trigger condition exists; and

on a condition that the trigger condition exists, reporting the
information;

wherein the information comprises an amount of data available in the
buffer; and

wherein the trigger condition comprises a determination by the WTRU
that new data is available for a split data radio bearer (DRB) and should be
sent to one of eNB1 or eNB2.

42.  The method of embodiment 41, wherein the reporting comprises
transmitting a buffer status report (BSR).

43. The method of embodiment 41, wherein the trigger condition
comprises a logical channel priority (LCP).

44. The method of embodiment 41, wherein the trigger condition
comprises a quality of service (QoS).

45.  The method of embodiment 41, wherein the trigger condition
comprises an emptying rate of the buffer.

46. The method of embodiment 41, wherein the reporting comprises
transmitting a medium access control (MAC) protocol data unit (PDU).

47.  The method of embodiment 46, wherein the MAC PDU comprises
at least one happy bit.

48. The method of embodiment 41, wherein the reporting comprises
an indication that an amount of data in the buffer is increasing or decreasing.

49. The method of embodiment 41, wherein the reporting comprises a
depletion rate of the buffer.

50. The method of embodiment 41, wherein the reporting comprises a

fill rate of the buffer.
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51. The method of embodiment 41, wherein the reporting comprises a
head-of queue delay of the buffer.

52.  The method of embodiment 41, wherein the reporting comprises
an average time-of-stay of data in the buffer.

53.  The method of embodiment 41, wherein the reporting comprises
an indication based on logical channel prioritization (LCP) or quality of service
(QoS).

54. The method of embodiment 41, wherein the reporting comprises
an indication of whether data in the buffer should be transmitted using uplink
resources of CG1 or should be transmitted using uplink resources of CG2.

55.  The method of embodiment 41, wherein the trigger condition
comprises a determination by the WTRU that data in the buffer should be
transmitted using uplink resources of CG1.

56. The method of embodiment 47, wherein the at least one happy bit
comprises an indication relating to packet data convergence protocol (PDCP)
data.

57. A wireless transmit/receive unit (WTRU) configured for reporting
information regarding data available in a buffer when in communication with
a first cell group (CG1) served by a first eNodeB (eNB1), and in
communication with a second cell group (CG2) served by a second eNodeB
(eNB2), each of CG1 and CG2 including at least one cell, the WTRU
comprising:

circuitry configured to determine whether new data is available for a
split data radio bearer (DRB) and should be sent to one of eNB1 or eNB2;

circuitry configured to determine whether a trigger condition exists;
and

circuitry configured to, on a trigger condition, report the information;

wherein the information comprises an amount of data available in the
buffer; and

wherein the trigger condition comprises a determination by the WTRU
that new data is available for a split data radio bearer (DRB) and should be
sent to one of eNB1 or eNB2.
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58. The WTRU of embodiment 57, wherein the reporting comprises
transmitting a buffer status report (BSR).

59. The WTRU of embodiment 57, wherein the trigger condition
comprises a logical channel priority (LCP).

60. The WTRU of embodiment57, wherein the trigger condition
comprises a quality of service (QoS).

61. The WTRU of embodiment 57, wherein the trigger condition
comprises an emptying rate of the buffer.

62. The WTRU of embodiment 57, wherein the reporting comprises
transmitting a medium access control (MAC) protocol data unit (PDU).

63. The WTRU of embodiment 62, wherein the MAC PDU comprises
at least one happy bit.

64. The WTRU of embodiment 57, wherein the reporting comprises
an indication that an amount of data in the buffer is increasing or decreasing.

65. The WTRU of embodiment 57, wherein the reporting comprises a
depletion rate of the buffer.

66. The WTRU of embodiment 57, wherein the reporting comprises a
fill rate of the buffer.

67. The WTRU of embodiment 57, wherein the reporting comprises a
head-of queue delay of the buffer.

68. The WTRU of embodiment 57, wherein the reporting comprises
an average time-of-stay of data in the buffer.

69. The WTRU of embodiment 57, wherein the reporting comprises
an indication based on logical channel prioritization (LCP) or quality of service
(QoS).

70.  The WTRU of embodiment 57, wherein the reporting comprises
an indication of whether data in the buffer should be transmitted using uplink
resources of CG1 or should be transmitted using uplink resources of CG2.

71. The WTRU of embodiment 57, wherein the trigger condition
comprises a determination by the WTRU that data in the buffer should be

transmitted using uplink resources of CG1.
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72. The WTRU of embodiment 63, wherein the at least one happy bit
comprises an indication relating to packet data convergence protocol (PDCP)
data.

73. A method for managing uplink transmissions from a wireless
transmit/receive unit (WTRU), the method comprising:

receiving, by the WTRU, a grant from an eNodeB (eNB) for at least one
uplink transmission;

determining, by the WTRU, whether an alternative grant should be
applied in place of the grant; and,

on a condition that the WTRU determines that the alternative grant
should be applied in place of the grant, autonomously applying, by the WTRU,
the alternative grant in place of the grant.

74.  The method of embodiment 73, wherein the WTRU determines
that the alternative grant should be applied on a condition that a power
required for the at least one uplink transmission exceeds an amount of power
available to the WTRU for transmitting the at least one uplink transmission.

75.  The method of embodiment 73, wherein the WTRU determines
that the alternative grant should be applied on a condition that the WTRU
scales a power allocated for the at least one uplink transmission.

76. The method of embodiment 73, wherein the WTRU determines
that the alternative grant should be applied on a condition that an amount of
resources allocated by the grant for uplink exceeds an amount of data of the at
least one uplink transmission.

77.  The method of embodiment 73, wherein the WTRU determines
that the alternative grant should be applied on a condition that an amount of
resources allocated by the grant for uplink exceeds an amount of data of the at
least one uplink transmission by a threshold amount.

78.  The method of embodiment 73, wherein the WTRU determines
that the alternative grant should be applied on a condition that the WTRU
has access to contention-based uplink resources for the at least one uplink

transmission.
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79.  The method of embodiment 73, the WTRU determines that the
alternative grant should be applied on a condition that the WTRU has access
to uplink resources through a second WTRU for the at least one uplink
transmissions.

80. The method of embodiment 73, wherein the WTRU determines
that the alternative grant should be applied based upon a type of a received
downlink control information (DCI), a format of a received DCI, or a number
of received DCls.

81. The method of embodiment 73, wherein the WTRU determines
that the alternative grant should be applied based upon whether the at least
one uplink transmission includes a hybrid automatic repeat request (HARQ)
retransmission.

82.  The method of embodiment 73, further comprising determining,
by the WTRU, parameters of the alternative grant based upon at least one of a
characteristic of the grant, a content of a received downlink control
information (DCI), or a configured parameter.

83.  The method of embodiment 73, further comprising selecting, by
the WTRU, the alternative grant from a group of alternative grants based
upon at least one of a characteristic of the grant, a content of a received
downlink control information (DCI), or a configured parameter.

84. A wireless transmit/receive unit (WTRU) comprising:

circuitry configured to receive a grant from an eNodeB (eNB) for at
least one uplink transmission;

circuitry configured to determine whether an alternative grant should
be applied in place of the grant; and,

circuitry configured to, on a condition that the WTRU determines that
the alternative grant should be applied in place of the grant, autonomously
apply the alternative grant in place of the grant.

85. The WTRU of embodiment 84, further comprising circuitry
configured to determine that the alternative grant should be applied on a

condition that a power required for the at least one uplink transmission
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exceeds an amount of power available to the WTRU for transmitting the at
least one uplink transmission.

86. The WTRU of embodiment 84, further comprising circuitry
configured to determine that the alternative grant should be applied on a
condition that the WTRU scales a power allocated for the at least one uplink
transmission.

87. The WTRU of embodiment 84, further comprising circuitry
configured to determine that the alternative grant should be applied on a
condition that an amount of resources allocated by the grant for uplink
exceeds an amount of data of the at least one uplink transmission.

88. The WTRU of embodiment 84, further comprising circuitry
configured to determine that the alternative grant should be applied on a
condition that an amount of resources allocated by the grant for uplink
exceeds an amount of data of the at least one uplink transmission by a
threshold amount.

89. The WTRU of embodiment 84, further comprising circuitry
configured to determine that the alternative grant should be applied on a
condition that the WTRU has access to contention-based uplink resources for
the at least one uplink transmission.

90. The WTRU of embodiment 84, further comprising circuitry
configured to determine that the alternative grant should be applied on a
condition that the WTRU has access to uplink resources through a second
WTRU for the at least one uplink transmissions.

91. The WTRU of embodiment 84, further comprising circuitry
configured to determine that the alternative grant should be applied based
upon a type of a received downlink control information (DCI), a format of a
received DCI, or a number of received DCls.

92. The WTRU of embodiment 84, further comprising circuitry
configured to determine that the alternative grant should be applied based
upon whether the at least one uplink transmission includes a hybrid

automatic repeat request (HARQ) retransmission.
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93. The WTRU of embodiment 84, further comprising further
comprising circuitry configured to determine parameters of the alternative
grant based upon at least one of a characteristic of the grant, a content of a
received downlink control information (DCI), or a configured parameter.

94. The WTRU of embodiment 84, further comprising circuitry
configured to select the alternative grant from a group of alternative grants
based upon at least one of a characteristic of the grant, a content of a received

downlink control information (DCI), or a configured parameter.
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CLAIMS

What is claimed 1is:

1. A method for allocating uplink transmission power of a wireless
transmit/receive unit (WTRU) during a time interval, the method comprising:

configuring the WTRU with a first minimum guaranteed power for a
first cell group (CG);

configuring the WTRU with a second minimum guaranteed power for a
second CG;

on a condition that, during the time interval, an earliest transmission is
scheduled to occur for the first CG, determining a first remaining power based
on Pcmax, a power level for the earliest transmission for the first CG and the
first minimum guaranteed power, wherein an uplink transmission power level
for the second CG is based on the first remaining power;

on a condition that, during the time interval, the earliest transmission
is scheduled to occur for the second CG, determining a second remaining
power based on Pcmax, a power level for the earliest transmission for the
second CG and the second minimum guaranteed power, wherein an uplink
transmission power level for the first CG is based on the second remaining
power; and

transmitting uplink transmissions for the first and second CG in the

time interval.

2. The method of claim 1, further comprising:

allocating, by the WTRU, up to the first minimum guaranteed power for
the first CG;

allocating, by the WTRU, up to the second minimum guaranteed power
for the second CG; and

allocating, by the WTRU, a remaining power for the first CG, for the
second CG, or for both the first CG and the second CG, wherein the remaining
power comprises any difference between Pcmax and a sum of the first

minimum guaranteed power for the first CG and the second minimum

-232-



guaranteed power for the second CG.

3. The method of claim 2, wherein the remaining power is allocated on a
per-transmission basis, wherein first uplink transmissions are transmitted on
the first CG, and second uplink transmissions are transmitted on the second

CG.

4, The method of claim 3, wherein each of the first uplink transmissions
and second uplink transmissions has an associated priority and the remaining
power 1s allocated to the first uplink transmissions and second uplink
transmissions according to a priority order of the first uplink transmissions

and second uplink transmissions.

5. The method of claim 4, wherein the priority is based on an uplink

control information (UCI) type.

6. The method of claim 1, further comprising:

transmitting first uplink transmissions on the first CG, and second
uplink transmissions are on the second CG;

reserving up to the first minimum guaranteed power for the first uplink
transmissions;

reserving up to the second minimum guaranteed power for the second
uplink transmissions; and

on a condition that, during the time interval, an earliest transmission is
scheduled to occur using the first CG,

making a remaining power available for the first uplink transmissions,

allocating the remaining power to the first uplink transmissions up to a
total power required for the first uplink transmissions, and

making a remainder of the remaining power, which was not allocated to
the first uplink transmissions, available for the second uplink transmissions;
and

on a condition that, during the time interval, the earliest transmission
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1s scheduled to occur using the second CG,

making the remaining power available for the second uplink
transmissions,

allocating the remaining power to the second uplink transmissions up
to the total power required for the second uplink transmissions; and

making a remainder of the remaining power, which was not allocated to
the second uplink transmissions, available for the first uplink transmissions;
wherein the remaining power comprises any difference between Pcmax and a
sum of the first minimum guaranteed power and the second minimum

guaranteed power for the second uplink transmissions.

7. The method of claim 1, further comprising:

on a condition that a subframe of the first CG asynchronously overlaps
in time a subframe of the second CG and the subframe of the first CG leads in
time the subframe of the second CG:

calculating a first power range based on the subframe of the first CG
and the subframe of the second CG;

calculating a second power range based on the subframe of the first CG
and a preceding subframe of the second CG which overlaps in time the
subframe of the first CG;

determining a minimum value for Pcmax as a lesser of a lowest value of
the first power range and a lowest value of the second power range; and

determining a maximum value for Pcmax as a greater of a highest

value of the first power range and a highest value of the second power range.

8. The method of claim 4, further comprising:

on a condition that one of the first uplink transmissions and one of the
second uplink transmissions have a same priority order, determining whether
the first CG or the second CG comprises a master CG (MCG);

on a condition that the first CG comprises an MCGQG, prioritizing the one
of the first uplink transmissions for allocation of the remaining power; and

on a condition that the second CG comprises an MCG, prioritizing the
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one of the second uplink transmissions for allocation of the remaining power.

9. The method of claim 1, further comprising calculating, by the WTRU, a
required power for each of the first CG and second CG prior to allocating

power for the first CG and second CG.

10. The method of claim 9, further comprising allocating, by the WTRU, a
portion of a remaining power to each of the first CG and second CG in a
decreasing priority order; wherein the remaining power comprises any
difference between Pcmax and a sum of the first minimum guaranteed power

and the second minimum guaranteed power for the second CG.

11. A transmit/receive unit (WTRU) configured for allocating uplink
transmission power of a wireless during a time interval, the WTRU
comprising:

configuration circuitry adapted to configure the WTRU with a first
minimum guaranteed power for a first cell group (CG); and

configuration circuitry adapted to configure the WTRU with a second
minimum guaranteed power for a second CG;

wherein a total power (Pcmax) is available to the WTRU for uplink
transmissions during the time interval; and

determination circuitry adapted to, on a condition that, during the time
interval, an earliest transmission is scheduled to occur for the first CG,
determine a first remaining power based on Pcmax, a power level for the
earliest transmission for the first CG and the first minimum guaranteed
power, wherein an uplink transmission power level for the second CG 1s based
on the first remaining power;

the determination circuitry further adapted to, on a condition that,
during the time interval, the earliest transmission is scheduled to occur for
the second CG, determine a second remaining power based on Pcmax, a power
level for the earliest transmission for the second CG and the second minimum

guaranteed power, wherein an uplink transmission power level for the first
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CG 1is based on the second remaining power; and
transmitter circuitry adapted to transmit uplink transmissions for the

first and second CG 1in the time interval.

12. The WTRU of claim 11, further comprising:

allocation circuitry adapted to allocate, by the WTRU, up to the first
minimum guaranteed power for the first CG;

the allocation circuitry further adapted to allocate, by the WTRU, up to
the second minimum guaranteed power for the second CG; and

circuitry adapted to allocate, by the WTRU, a remaining power for the
first CG, for the second CG, or for both the first CG and the second CG,
wherein the remaining power comprises any difference between Pcmax a sum
of the first minimum guaranteed power for the first CG and the second

minimum guaranteed power for the second CG.

13. The WTRU of claim 12, wherein the remaining power is allocated on a
per-transmission basis, wherein first uplink transmissions are transmitted on
the first CG, and second uplink transmissions are transmitted on the second

CG.

14. The WTRU of claim 13, wherein each of the first uplink transmissions
and second uplink transmissions has an associated priority and the remaining
power 1is allocated to the first uplink transmissions and second uplink
transmissions according to a priority order of the first uplink transmissions

and second uplink transmissions.

15.  The WTRU of claim 14, wherein the priority is based on an uplink

control information (UCI) type.

16. The WTRU of claim 11, further comprising:
transmitter circuitry adapted to transmit first uplink transmissions on

the first CG, and second uplink transmissions are on the second CG;
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power reserving circuitry adapted to reserve up to the first minimum
guaranteed power for the first uplink transmissions;

the power reserving circuitry further adapted to reserve up to the
second minimum guaranteed power for the second uplink transmissions; and

power allocation circuitry adapted to, on a condition that, during the
time interval, an earliest transmission is scheduled to occur using the first
CG,

make a remaining power available for the first uplink transmissions,

allocate the remaining power to the first uplink transmissions up to the
total power required for the first uplink transmissions, and

make a remainder of the remaining power, which was not allocated to
the first uplink transmissions, available for the second uplink transmissions;
and

the power allocation circuitry further adapted to, on a condition that,
during the time interval, the earliest transmission is scheduled to occur using
the second CG,

make the remaining power available for the second uplink
transmissions,

allocate the remaining power to the second uplink transmissions up to
the total power required for the second uplink transmissions, and

make a remainder of the remaining power, which was not allocated to
the second uplink transmissions, available for the first uplink transmissions;

wherein the remaining power comprises any difference between Pcmax
and a sum of the first minimum guaranteed power and the second minimum

guaranteed power for the second uplink transmissions.

17. The WTRU of claim 11, further comprising:
power calculation circuitry adapted to, on a condition that a subframe of
the first CG asynchronously overlaps in time a subframe of the second CG and
the subframe of the first CG leads in time the subframe of the second CG:
calculate a first power range based on the subframe of the first CG and

the subframe of the second CG;
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calculate a second power range based on the subframe of the first CG
and a preceding subframe of the second CG which overlaps in time the
subframe of the first CG;

determine a minimum value for Pcmax as a lesser of a lowest value of
the first power range and a lowest value of the second power range; and

determine a maximum value for Pcmax as a greater of a highest value

of the first power range and a highest value of the second power range.

18. The WTRU of claim 14, further comprising:

CG determination circuitry adapted to, on a condition that one of the
first uplink transmissions and one of the second uplink transmissions have a
same priority order, determine whether the first CG or the second CG
comprises a master CG (MCG);

prioritization circuitry adapted to, on a condition that the first CG
comprises an MCG, prioritize the one of the first uplink transmissions for
allocation of the remaining power; and

the prioritization circuitry further adapted to, on a condition that the
second CG comprises an MCG, prioritize the one of the second uplink

transmissions for allocation of the remaining power.

19. The WTRU of claim 11, further comprising power calculation circuitry
adapted to calculate a required power for each of the first CG and second CG

prior to allocating power for the first CG and second CG.

20. The WTRU of claim 19, further comprising power allocation circuitry
adapted to allocate a portion of a remaining power to each of the first CG and
second CG in a decreasing priority order;

wherein the remaining power comprises any difference between Pcmax
and a sum of the first minimum guaranteed power and the second minimum

guaranteed power for the second CG.
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