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METHODS, APPARATUS AND SYSTEMS 
FOR POWER CONTROL AND TIMING ADVANCE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Patent Application 

No. 61/522,834 filed August 12, 2011. 

BACKGROUND 

[0002] Wireless communication systems are widely deployed to provide various 

types of communication content such as voice, data, and so on. These systems may be 

multiple-access systems capable of supporting communication with multiple users by 

sharing the available system resources {e.g., bandwidth and transmit power). Examples 

of such multiple-access systems include code division-multiple access (CDMA) 

systems, time division multiple access (TDMA) systems, frequency division multiple 

access (FDMA) systems, 3GPP Long Term Evolution (LTE) systems, and orthogonal 

frequency division multiple access (OFDMA) systems. 

[0003] These multiple access technologies have been adopted in various 

telecommunication standards to provide a common protocol that enables different 

wireless devices to communicate on a municipal, national, regional, and even global 

level. An example of an emerging telecommunication standard is Long Term Evolution 

(LTE). LTE is a set of enhancements to the Universal Mobile Telecommunications 

System (UMTS) mobile standard promulgated by Third Generation Partnership Project 

(3GPP). It is designed to better support mobile broadband Internet access by improving 

spectral efficiency, lowering costs, improving services, making use of new spectrum, 

and better integrating with other open standards using OFDMA on the downlink (DL), 

SC-FDMA on the uplink (UL), and multiple-input multiple-output (MIMO) antenna 

technology. 

[0004] Uplink transmitter power control in a mobile communication system 

balances the need for sufficient energy transmitted per bit to achieve a desired quality-

of-service {e.g., data rate and error rate), against the need to minimize interference to 
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other users of the system and to maximize the battery life of the mobile terminal. To 

accomplish this goal, uplink power control has to adapt to the characteristics of the radio 

propagation channel, including path loss, shadowing, fast fading and interference from 

other users in the same cell and adjacent cells. 

SUMMARY 

[0005] A wireless transmit/receive unit (WTRU) may establish communication 

with a first set of cells and a second set of cells. The first set of cells may be associated 

with a first scheduler and the second set of cells may be associated with a second 

scheduler. The maximum allowed transmit power for the WTRU may be determined for 

and/or distributed across the first set of cells and the second set of cells. 

[0006] The first scheduler may determine a first maximum power value for the 

first set of cells and a second maximum power value for the second set of cells 

configured. The first scheduler may signal the second maximum power value to the 

second scheduler. 

[0007] The first and second maximum power values may be signaled to the 

WTRU. The WTRU may calculate transmit power for the first set of cells, and if the 

calculated transmit power exceeds the first maximum power value, the WTRU may 

adjust the transmit power to not exceed the first maximum power value. Similarly, the 

WTRU may calculate transmit power for the second set of cells, and if the calculated 

transmit power exceeds the second maximum power value, the WTRU adjusts the 

transmit power to not exceed the second maximum power value. 

[0008] The WTRU may manage different power headroom processes for each 

set of cells, for example a first power headroom process for the first set of cells and a 

second power headroom process for the second set of cells, where the first power 

headroom process is different than the second power headroom process. 
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[0009] Each power headroom process may include a respective triggering 

procedure and reporting procedure. The reporting procedure of the first power 

headroom process may be based on the triggering procedure of the second power 

headroom process. The reporting for the first power headroom process may include 

scheduling information for the second set of cells. Similarly, the reporting for the second 

power headroom process may include scheduling information for the first set of cells. 

The reporting may include power headroom information for both the first set of cells and 

the second set of cells even when the reporting is based on a trigger associated with 

the first set of cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] A more detailed understanding may be had from the following description, 

given by way of example in conjunction with the accompanying drawings wherein: 

[0011] FIG. 1A is a system diagram of an example communications system in 

which one or more disclosed embodiments may be implemented; 

[0012] 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; 

[0013] 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; 

[0014] FIG. 1D is a system diagram of an another example radio access network 

and another example core network that may be used within the communications system 

illustrated in FIG. 1A; 

[0015] FIG. 1E is a system diagram of an another example radio access network 

and another example core network that may be used within the communications system 

illustrated in FIG. 1A; 
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[0016] FIG. 2A is a network diagram illustrating downlink data flow splitting in an 

example multi-scheduler network deployment; 

[0017] FIG. 2B is a network diagram illustrating downlink data flow splitting in 

another example multi-scheduler network deployment; 

[0018] FIGS. 3-4 provide tables of example sequences of Transmit Power 

Control (TPC) commands from a number of eNBs and the effect on transmit power in a 

sequence of subframes; 

[0019] FIG. 5 illustrates examples of Timing Advance (TA) commands received 

from a number of eNBs and depicted relative to the current PUCCH timing; 

[0020] FIG. 6 illustrates a WTRU transmitting a single data and/or UCI intended 

for reception by a first eNB or cell only; 

[0021] FIG. 7 illustrates a WTRU transmitting a data and/or UCI that may be 

received by a first eNB or cell and one or more additional eNBs or cells; 

[0022] FIG. 8 illustrates a WTRU transmitting data to multiple eNBs and UCI to 

one eNB; 

[0023] FIG. 9 illustrates a WTRU transmitting data and UCI to multiple eNBs; 

[0024] FIG. 10 depicts an example embodiment of WTRU parameter receipt, 

maintenance, and selection for transmission of a channel to at least one transmission 

target; 

[0025] FIG. 11 illustrates a WTRU communicating with one or more cells 

associated with each of two eNBs and the exchange of power management information 

among them; and 

[0026] FIG. 12 is a process flow diagram illustrating power control according to 

an example embodiment. 

-4-



WO 2013/025562 PCT/US2012/050465 

DETAILED DESCRIPTION 

[0027] A detailed description of illustrative embodiments will now be described 

with reference to the various Figures. Although this description provides a detailed 

example of possible implementations, it should be noted that the details are intended to 

be exemplary and in no way limit the scope of the application. 

[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, 102c, and/or 102d (which 

generally or collectively may be referred to as WTRU 102), a radio access network 

(RAN) 103/104/105, a core network 106/107/109, 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, 102c, 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, 102c, 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. 
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[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, 

102c, 102d to facilitate access to one or more communication networks, such as the 

core network 106/107/109, the Internet 110, and/or the 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 103/104/105, 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. In some embodiments, the transmission point for a cell may 

not be physically located at the base station 114a, and the base station 114a may 

transmit and/or receive wireless signals in multiple geographic regions, such as when 

employing remote radio heads. A base station 114a may have more than one cell 

associated with it. 

[0032] The base stations 114a, 114b may communicate with one or more of the 

WTRUs 102a, 102b, 102c, 102d over an air interface 115/116/117, which may be any 

suitable wireless communication link {e.g., radio frequency (RF), microwave, infrared 
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(IR), ultraviolet (UV), visible light, etc.). The air interface 115/116/117 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 103/104/105 and the WTRUs 102a, 102b, 102c may implement 

a radio technology such as Universal Mobile Telecommunications System (UMTS) 

Terrestrial Radio Access (UTRA), which may establish the air interface 115/116/117 

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, 102c may implement a radio technology such as Evolved UMTS Terrestrial Radio 

Access (E-UTRA), which may establish the air interface 115/116/117 using Long Term 

Evolution (LTE) and/or LTE-Advanced (LTE-A). 

[0035] In other embodiments, the base station 114a and the WTRUs 102a, 102b, 

102c 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 102c, 102d may implement a radio technology such as IEEE 802.11 to 

establish a wireless local area network (WLAN). In another embodiment, the base 
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station 114b and the WTRUs 102c, 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 

orfemtocell. 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 106/107/109. 

[0037] The RAN 103/104/105 may be in communication with the core network 

106/107/109, 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, 102c, 102d. For example, the core network 106/107/109 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. 1 A, it will be 

appreciated that the RAN 103/104/105 and/or the core network 106/107/109 may be in 

direct or indirect communication with other RANs that employ the same RAT as the 

RAN 103/104/105 or a different RAT. For example, in addition to being connected to the 

RAN 103/104/105, which may be utilizing an E-UTRA radio technology, the core 

network 106/107/109 may also be in communication with another RAN (not shown) 

employing a GSM radio technology. 

[0038] The core network 106/107/109 may also serve as a gateway for the 

WTRUs 102a, 102b, 102c, 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 
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another core network connected to one or more RANs, which may employ the same 

RAT as the RAN 103/104/105 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, e.g., the WTRUs 102a, 102b, 102c, 

102d may include multiple transceivers for communicating with different wireless 

networks over different wireless links. For example, the WTRU 102c 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. Also, embodiments contemplate that the 

base stations 114a and 114b, and/or the nodes that base stations 114a and 114b may 

represent, such as but not limited to transceiver station (BTS), a Node-B, a site 

controller, an access point (AP), a home node-B, an evolved home node-B (eNodeB), a 

home evolved node-B (HeNB), a home evolved node-B gateway, and proxy nodes, 

among others, may include some or all of the elements depicted in FIG. 1B and 

described herein. 

[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 (FPGAs) 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 
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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 115/116/117. 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 WTRU 102 may include two or more transmit/receive elements 

122 [e.g., multiple antennas) for transmitting and receiving wireless signals over the air 

interface 115/116/117. 

[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 
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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 115/116/117 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 
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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 103 and the core network 106 

according to an embodiment. As noted above, the RAN 103 may employ a UTRA radio 

technology to communicate with the WTRUs 102a, 102b, 102c over the air interface 

115. The RAN 103 may also be in communication with the core network 106. As shown 

in FIG. 1C, the RAN 103 may include Node-Bs 140a, 140b, 140c, which may each 

include one or more transceivers for communicating with the WTRUs 102a, 102b, 102c 

over the air interface 115. The Node-Bs 140a, 140b, 140c may each be associated with 

a particular cell or cells (not shown) within the RAN 103. The RAN 103 may also include 

RNCs 142a, 142b. It will be appreciated that the RAN 103 may include any number of 

Node-Bs and RNCs while remaining consistent with an embodiment. 

[0050] As shown in FIG. 1C, the Node-Bs 140a, 140b may be in communication 

with the RNC 142a. Additionally, the Node-B 140c may be in communication with the 

RNC142b. The Node-Bs 140a, 140b, 140c may communicate with the respective RNCs 

142a, 142b via an lub interface. The RNCs 142a, 142b may be in communication with 

one another via an lur interface. Each of the RNCs 142a, 142b may be configured to 

control the respective Node-Bs 140a, 140b, 140c to which it is connected. In addition, 

each of the RNCs 142a, 142b may be configured to carry out or support other 

functionality, such as outer loop power control, load control, admission control, packet 

scheduling, handover control, macrodiversity, security functions, data encryption, and 

the like. 

[0051] The core network 106 shown in FIG. 1C may include a media gateway 

(MGW) 144, a mobile switching center (MSC) 146, a serving GPRS support node 

(SGSN) 148, and/or a gateway GPRS support node (GGSN) 150. While each of the 
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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. 

[0052] The RNC 142a in the RAN 103 may be connected to the MSC 146 in the 

core network 106 via an luCS interface. The MSC 146 may be connected to the MGW 

144. The MSC 146 and the MGW 144 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. 

[0053] The RNC 142a in the RAN 103 may also be connected to the SGSN 148 

in the core network 106 via an luPS interface. The SGSN 148 may be connected to the 

GGSN 150. The SGSN 148 and the GGSN 150 may provide the WTRUs 102a, 102b, 

102c with access to packet-switched networks, such as the Internet 110, to facilitate 

communications between and the WTRUs 102a, 102b, 102c and IP-enabled devices. 

[0054] As noted above, the core network 106 may also be connected to the 

networks 112, which may include other wired or wireless networks that are owned 

and/or operated by other service providers. 

[0055] FIG. 1D is a system diagram of the RAN 104 and the core network 107 

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 107. 

[0056] The RAN 104 may include eNode-Bs 160a, 160b, 160c, 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 160a, 160b, 160c may each include one 

or more transceivers for communicating with the WTRUs 102a, 102b, 102c over the air 

interface 116. In one embodiment, the eNode-Bs 160a, 160b, 160c may implement 

MIMO technology. Thus, the eNode-B 160a, for example, may use multiple antennas to 

transmit wireless signals to, and receive wireless signals from, the WTRU 102a. 
-13-



WO 2013/025562 PCT/US2012/050465 

[0057] Each of the eNode-Bs 160a, 160b, 160c may be associated with a 

particular cell or cells (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. 1D, the eNode-Bs 160a, 160b, 160c may 

communicate with one another over an X2 interface. 

[0058] The core network 107 shown in FIG. 1D may include a mobility 

management gateway (MME) 162, a serving gateway 164, and a packet data network 

(PDN) gateway 166. While each of the foregoing elements are depicted as part of the 

core network 107, 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. 

[0059] The MME 162 may be connected to each of the eNode-Bs 160a, 160b, 

160c in the RAN 104 via an S1 interface and may serve as a control node. For example, 

the MME 162 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, 102c, and the like. The MME 162 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. 

[0060] The serving gateway 164 may be connected to each of the eNode-Bs 

160a, 160b, 160c in the RAN 104 via the S1 interface. The serving gateway 164 may 

generally route and forward user data packets to/from the WTRUs 102a, 102b, 102c. 

The serving gateway 164 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, 102c, and the like. 

[0061] The serving gateway 164 may also be connected to the PDN gateway 

166, which may provide the WTRUs 102a, 102b, 102c with access to packet-switched 

networks, such as the Internet 110, to facilitate communications between the WTRUs 

102a, 102b, 102c and IP-enabled devices. 
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[0062] The core network 107 may facilitate communications with other networks. 

For example, the core network 107 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 107 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 107 and the PSTN 108. In addition, 

the core network 107 may provide the WTRUs 102a, 102b, 102c with access to the 

networks 112, which may include other wired or wireless networks that are owned 

and/or operated by other service providers. 

[0063] FIG. 1E is a system diagram of the RAN 105 and the core network 109 

according to an embodiment. The RAN 105 may be an access service network (ASN) 

that employs IEEE 802.16 radio technology to communicate with the WTRUs 102a, 

102b, 102c over the air interface 117. As will be further discussed below, the 

communication links between the different functional entities of the WTRUs 102a, 102b, 

102c, the RAN 105, and the core network 109 may be defined as reference points. 

[0064] As shown in FIG. 1E, the RAN 105 may include base stations 180a, 180b, 

180c, and an ASN gateway 182, though it will be appreciated that the RAN 105 may 

include any number of base stations and ASN gateways while remaining consistent with 

an embodiment. The base stations 180a, 180b, 180c may each be associated with a 

particular cell or cells (not shown) in the RAN 105 and may each include one or more 

transceivers for communicating with the WTRUs 102a, 102b, 102c over the air interface 

117. In one embodiment, the base stations 180a, 180b, 180c may implement MIMO 

technology. Thus, the base station 180a, for example, may use multiple antennas to 

transmit wireless signals to, and receive wireless signals from, the WTRU 102a. The 

base stations 180a, 180b, 180c may also provide mobility management functions, such 

as handoff triggering, tunnel establishment, radio resource management, traffic 

classification, quality of service (QoS) policy enforcement, and the like. The ASN 
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gateway 182 may serve as a traffic aggregation point and may be responsible for 

paging, caching of subscriber profiles, routing to the core network 109, and the like. 

[0065] The air interface 117 between the WTRUs 102a, 102b, 102c and the RAN 

105 may be defined as an R1 reference point that implements the IEEE 802.16 

specification. In addition, each of the WTRUs 102a, 102b, 102c may establish a logical 

interface (not shown) with the core network 109. The logical interface between the 

WTRUs 102a, 102b, 102c and the core network 109 may be defined as an R2 reference 

point, which may be used for authentication, authorization, IP host configuration 

management, and/or mobility management. 

[0066] The communication link between each of the base stations 180a, 180b, 

180c may be defined as an R8 reference point that includes protocols for facilitating 

WTRU handovers and the transfer of data between base stations. The communication 

link between the base stations 180a, 180b, 180c and the ASN gateway 182 may be 

defined as an R6 reference point. The R6 reference point may include protocols for 

facilitating mobility management based on mobility events associated with each of the 

WTRUs 102a, 102b, 102c. 

[0067] As shown in FIG. 1E, the RAN 105 may be connected to the core network 

109. The communication link between the RAN 105 and the core network 109 may be 

defined as an R3 reference point that includes protocols for facilitating data transfer and 

mobility management capabilities, for example. The core network 109 may include a 

mobile IP home agent (MIP-HA) 184, an authentication, authorization, accounting (AAA) 

server 186, and a gateway 188. While each of the foregoing elements are depicted as 

part of the core network 109, 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. 

[0068] The MIP-HA may be responsible for IP address management, and may 

enable the WTRUs 102a, 102b, 102c to roam between different ASNs and/or different 

core networks. The MIP-HA 184 may provide the WTRUs 102a, 102b, 102c with access 

to packet-switched networks, such as the Internet 110, to facilitate communications 
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between the WTRUs 102a, 102b, 102c and IP-enabled devices. The AAA server 186 

may be responsible for user authentication and for supporting user services. The 

gateway 188 may facilitate interworking with other networks. For example, the gateway 

188 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. In addition, the 

gateway 188 may provide the WTRUs 102a, 102b, 102c with access to the networks 

112, which may include other wired or wireless networks that are owned and/or 

operated by other service providers. 

[0069] Although not shown in FIG. 1E, it will be appreciated that the RAN 105 

may be connected to other ASNs and the core network 109 may be connected to other 

core networks. The communication link between the RAN 105 the other ASNs may be 

defined as an R4 reference point, which may include protocols for coordinating the 

mobility of the WTRUs 102a, 102b, 102c between the RAN 105 and the other ASNs. 

The communication link between the core network 109 and the other core networks 

may be defined as an R5 reference, which may include protocols for facilitating 

interworking between home core networks and visited core networks. 

[0070] FIG. 2A is a network diagram of the RAN 104 and the core network 107 

illustrating downlink data flow splitting in an example multi-scheduler network 

deployment. Multi-scheduler network deployments may be utilized, for example, in 

Fuzzy Cell, Cooperative Multipoint (CoMP), Small Cell Hotspot, Dense Cell, and other 

network deployment scenarios where more than one independent scheduler is utilized 

to control downlink (DL) and/or uplink (UL) transmissions from a particular WTRU. 

[0071] Fuzzy Cell is a high performance, low complexity, and robust scheme that 

may mitigate the cell-edge problem, improve handover performance, and improve 

overall system performance. A Fuzzy Cell deployment may have non-uniform 

transmission power and may involve cooperative transmission from multiple sites. 
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[0072] As shown in FIG. 2A, a network may include a deployment in which uplink 

and downlink data flow between the network and a WTRU may be split such that some 

of the data may be communicated via one path and other of the data may be 

communicated via another path or the same data may be communicated via multiple 

paths. Each path may correspond to at least one of an independent scheduler, eNode-B 

(eNB), cell, or site. A path between the WTRU and network may be represented and 

identified by a set of cells, where each cell may provide UL, DL or both UL and DL 

communication. In this case, each set of cells potentially corresponds to an independent 

scheduler or eNB. 

[0073] In an example embodiment, data flow may be split in the downlink (DL), 

and the split may occur in an eNB. The data intended for a given WTRU may be 

downloaded from the core network (CN) to a first eNB (eNB1) via an S1 interface. eNB1 

may decide to split the data in two parts labeled '1' and '2' in FIG. 2A and referred to 

herein as "Part 1" and "Part 2," respectively. eNB1 may send Part 1 of the data to the 

WTRU and may forward Part 2 of the data to a second eNB (eNB2), for example, via an 

interface, referred to generically as a backhaul interface, such as an X2 or X2-like 

interface. The second eNB (eNB2) may send Part 2 of the data to the WTRU. 

[0074] In the case of N secondary eNBs, the data may be split into up to N parts 

by the first eNB and forwarded, such as by X2 or X2-like interface, to appropriate other 

eNBs for transmission to the WTRU. 

[0075] Data may be split at any point in the system and be provided to a plurality 

of eNBs. For example, data may be split by the CN such that each part may go to an 

eNB without the need for one eNB to forward the data to another eNB, for example, as 

shown in FIG. 2B. 

[0076] Data may be split, for example, by eNB1, according to, for example, 

quality of service requirement of the transmitted data, volume of transmitted data, 

resource availability of cells controlled by the eNB, particular data flow, radio bearer, 

radio bearer type, and/or other criteria. 
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[0077] Additional signaling, such as over the backhaul, may be used to support 

efficient splitting of the data flow such as by eNB1 as shown, for example, in FIG 2A. 

eNB2 may provide information to eNB1 to control the flow of DL data. For example, 

eNB2 may provide to eNB1 estimates of the data rate or data rates it may support for to 

certain WTRUs. These estimates may assist eNB1 in making decisions regarding how 

much data to send to eNB2 for a WTRU for which data may be buffered at eNB1. As 

another option, eNB2 may employ a flow control or credit mechanism where eNB2 may 

send signals to eNB1 which may control the rate of transmission from eNB1 in such a 

way that an amount of DL data is maintained at eNB2 for proper scheduling. eNB2 may 

inform eNBIof buffer status reports, e.g., for its DL transmission, which may provide 

eNB1 with more accurate information about the actual delivery status of transmitted 

data and/or the data transmission rate of the forwarded data. The actual status of 

individual transmissions may be known by indication of unique sequence numbers 

associated with individual data transmissions. Based on this or other feedback from 

eNB2, eNB1 may decide whether or not to send more data to eNB2 with the goal of 

maintaining the smallest amount of buffered data in eNB2 that does not impede proper 

scheduling and maximum throughput from eNB2. 

[0078] DL data splitting concepts for multiple eNBs, cells, sets of cells, 

schedulers, sites, among others, may be similarly applied in the UL. For example a 

WTRU may determine how to split its transmission of UL data based on the at least one 

eNB, cell, set of cells, site, or scheduler from which it received an UL grant. The WTRU 

may split data based on at least one of a quality of service (QoS) requirement of the 

transmitted data, the volume of transmitted data, resource availability of cells controlled 

by the eNB, the particular data flow, radio bearer, radio bearer type, and/or other 

means. In the WTRU, this splitting of UL data may be accomplished in the Logical 

Channel Prioritization procedure. In this case, the Logical Channel Prioritization 

procedure may treat each eNB, scheduler, cell, set of cells, or site independently, where 

UL grants associated with one of these entities may be restricted to particular data, 

such as radio bearers or radio bearer types. 
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[0079] A WTRU data split may be based on configuration. For example, 

configuration may associate certain data with a particular cell, set of cells, eNB, or site. 

[0080] A WTRU may be configured such that it is aware of which cells, serving 

cells, or CCs belong to a certain eNB or scheduler. For example, there may be groups 

identified such as scheduling groups, where a scheduling group may consist of a set of 

cells, serving cells, or CCs. A WTRU may be configured such that it is aware of which 

radio bearers or radio bearer types belong to a certain eNB or scheduler. For example, 

there may be groups identified such as scheduling groups, where a scheduling group 

may consist of a set of or certain radio bearers or radio bearer types. 

[0081] It will be appreciated that, while data flow splitting is disclosed in the non-

limiting example operational context of an eNB, the disclosed subject matter is 

applicable to a variety of independent schedulers that manage one or more cells. Uplink 

and/or downlink data may be split among multiple eNBs, multiple schedulers, such as 

independent schedulers, multiple cells, multiple sites, multiple beams, among others 

and still be consistent with this disclosure. Multiple cells may correspond to an 

independent scheduler or eNB. Further, schedulers may receive instructions from other 

schedulers, for example, a master scheduler. A scheduler may or may not be 

associated with a specific eNB. As a particular example, an eNB may incorporate a 

single scheduler or multiple schedulers. 

[0082] eNB as used in this disclosure, may mean, may include, or may be 

replaced by a scheduler, such as an independent scheduler, or multiple schedulers and 

still be consistent with this disclosure. A scheduler, e.g., an independent scheduler, may 

be associated with a certain eNB, cell, set of cells, or set of eNBs, and may manage the 

resources for that eNB(s) or cell(s). An eNB as used herein, or a site may mean or be 

replaced by a set of configured cells. Each set of configured cells may be managed by 

an independent scheduler. A scheduler, such as an independent scheduler may or may 

not be, or may or may not be part of, an eNB or cell. One or more cells may be 

associated with a particular scheduler, which may or may not be associated with a 

particular eNB or particular eNBs. 
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[0083] Further, eNB as used in this disclosure may mean, may include, or may 

be replaced by a cell, a set of cells, multiple sets of cells, a site, a beam, or a set of 

beams and still be consistent with this disclosure. For purposes of this disclosure, 

anywhere the term "eNB" is used, "cell" or "set of cells" may be used in addition or 

instead. In addition, anywhere the term "cell" or "set of cells" is used, eNB may be used 

in addition or instead. A cell or set of cells may also mean, include, or be replaced by at 

least one scheduler or independent scheduler, which may or may not be associated 

with a particular eNB. Cell, serving cell, and component carrier (CC) may be used 

interchangeably. Cell set and set of cells may be used interchangeably. 

[0084] As part of the LTE standard in 3GPP release 10, the WTRU (such as 

WTRU 102 illustrated in FIG. 1C) may transmit uplink (UL) feedback, also called uplink 

control information (UCI) in response to DL transmissions, on demand, and periodically. 

The UCI may include ACK/NACK (A/N) indicating whether the DL transmissions were 

received successfully, channel quality indicator (CQI), and other indicators such as rank 

indicator (Rl) and scheduling request (SR). The WTRU may transmit the UCI on a 

physical uplink control channel (PUCCH) or a physical uplink shared channel (PUSCH) 

or split between PUCCH and PUSCH depending on a set of defined rules. In one 

approach in a given subframe, there may be at most one PUCCH and it may only be 

transmitted to the WTRU's primary serving cell, PCell. In this approach, there may be 

multiple PUSCH, but only one may carry UCI in a given subframe and if there is PUSCH 

on the PCell, only that PUSCH may carry the UCI. 

[0085] In Release 8/9 of the LTE standards, power control (PC) and power 

headroom (PH) were defined for a single serving cell for each of PUCCH and PUSCH. 

PC may have an open loop component and a closed loop component. The WTRU may 

use measured path loss and parameters it has or can compute, such as the size of the 

UL grant, to determine the open loop component, and accumulated or absolute TPC 

bits as the closed loop component, to determine the transmit power for PUSCH or 

PUCCH in a subframe. PUSCH power control currently supports both accumulated TPC 

and absolute TPC; PUCCH power control only supports accumulated TPC. Before 
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finalizing the power to use for transmission, the WTRU may compare its computed 

power, determined from the open and closed loop components, with its configured 

maximum output power, Pcmax. The configured maximum output power may be the 

lesser of signaled maximum power and power class less allowed power reductions. The 

allowed power reductions may be a function of the UL configuration and the current 

grant, and they may be used to ensure the WTRU does not violate spectral emissions 

and other transmit requirements. If the computed power exceeds Pcmax, the transmit 

power may be set equal to Pcmax, and this may be the power used for transmission. 

Otherwise, the computed power may be used for the transmit power. 

[0086] Power headroom (PH) may be the difference between Pcmax and the 

computed transmit power for the subframe in which the WTRU may send a PH report to 

the eNB. It may provide the PH for the WTRU's UL grant or allocation {e.g., SPS 

allocation) for the subframe of the PH report. Positive headroom may indicate the 

WTRU's ability to handle a larger grant or allocation. Negative headroom may indicate 

that the WTRU limited the transmit power to the maximum allowed, and may indicate by 

how much the grant or allocation was too large. PH may be used by the eNB scheduler 

in its future scheduling decisions. For example, if the headroom is positive, the eNB 

may schedule a larger grant. If the headroom is negative, the eNB may reduce the size 

of the grant. PH reports may be configured to be sent to the eNB periodically. They may 

also be event triggered, such as when path loss changes by more than a threshold. 

[0087] In Release 10 of the LTE standards, the power control (PC) and power 

headroom (PH) concepts were extended to simultaneous UL transmission on multiple 

cells. The power on each serving cell for which there is transmission may first be 

computed independently of the other serving cells. Each serving cell may have its own 

configured maximum output power, Pcmax,c. As in Release 8/9, Pcmax,c may include 

allowed power reductions to meet spurious emissions and other transmit requirements. 

In Release 10, additional reductions may be allowed for other factors such as power 

management to meet SAR or other non-LTE specific requirements. Reductions for inter-

modulation effects when transmitting inter-band may be allowed in Release 11. 
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[0088] If any serving cell's computed transmit power would exceed its Pcmax,c, 

its computed transmit power may be set equal to Pcmax,c. For the PCell that may have 

simultaneous transmission of both PUCCH and PUSCH, the PUCCH power may be 

computed first and limited by Pcmax,c for the PCell. Then the PUSCH power may be 

computed for the PCell, where its power may be limited by Pcmax,c for the PCell minus 

the power allotted to the PUCCH. In addition to the configured maximum output powers 

for the individual serving cells, there may also be a configured maximum output power, 

Pcmax, for the WTRU as a whole. If the sum of the individual computed transmit powers 

would exceed Pcmax, the channel powers may be scaled or limited according to a set 

of priority rules such that Pcmax is not exceeded. PUCCH may have the highest priority, 

PUSCH carrying UCI may have the next priority, and PUSCH not carrying UCI may 

have the lowest priority relative to PUCCH and PUSCH carrying UCI, but equal priority 

relative to other PUSCH not carrying UCI. Power headroom may be computed for each 

serving cell as the difference between Pcmax,c and the computed transmit power 

before being limited by Pcmax,c or by power allocation to a higher priority channel. Two 

power headrooms may be computed and reported. Type 1 may be the headroom for the 

PUSCH alone computed as if the PUCCH does not exist even if the PUCCH actually 

does exist. Type 2 may include both the PUSCH and the PUCCH. Type 1 may be 

applicable to all serving cells. Type 2 may be applicable to PCell only. The power 

headroom report may include the PH values for all activated serving cells and may 

include the corresponding Pcmax.c values for those cells. Special rules may be followed 

when reporting PH for a serving cell that does not have an UL transmission {e.g., 

PUSCH and/or PUCCH) in the subframe in which the PH report (PHR) is sent. 

Headroom may be considered real for a channel that has a transmission and virtual for 

a channel that does not have a transmission in the subframe in which the PHR is sent. 

[0089] In Release 10, a PUCCH power control equation may be: 

/.\ . KCMAX,C(0> 
"PUCCH V) = r( \ ( \ / \ r 

[-^0_PUCCH + PLC + h[ncQi , nHARQ, nSR ) + ̂F PUCCH V ) + ̂TxD (n+g(i)j 
where: 
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PCMAX,c(0 maY be the configured maximum output power for a component carrier 

(CC) c and may be configured by the WTRU to a value between a high value equal to 

MIN(Pemaxc, Ppowerclass) and a low value equal to the minimum of Pemax,c and 

Ppowerclass minus a combination of allowed power reductions which depending on the 

situation may include one or more of MPR, A-MPR, P-MPR, deltaTc, and deltaTib. 

Pemaxc may be a maximum allowed output power for CC c signaled to the WTRU via 

RRC signaling as p-max for that CC; 

AF PUCCH(P) may be a function of the PUCCH format used for the transmission; 

h(nCQi'nHARQ>nsR) maY be a function of the PUCCH format and the number of bits 

of each type being transmitted; 

PO_PUCCH may be a parameter composed of 2 parameters ( P0_NOMINAL_PUCCH and 

P0 UE PUCCH) provided to the WTRU via RRC signaling; 

PLC may be the path loss term for the CC; 

g(i) may be an adjustment factor, referred to as the PUCCH power control 

adjustment state, that may include the power ramp-up delta after RACH (which may be 

zeroed if a new P0 is signaled) and the accumulation of TPC commands, <yPUCCH 

The accumulation may be as follows: 

M-1 
• g(0 = g(i - 1) + X SPUCCH 0' - km ) 

m=0 

• For FDD, M = 1 and k0= 4. 

TPC commands for PUCCH may be transmitted in PDCCH format 3/3A or with 

DL grants in PDCCH formats 1 A/1 B/1D/1/2A/2B/2C/2, and may be +1 or -1 dB in format 

3A or 0 (hold), -1, +1, or +3 dB in the other formats. If the PDCCH with DCI format 

1/1A/2/2A/2B is validated as an SPS activation PDCCH, or the PDCCH with DCI format 

1A is validated as an SPS release PDCCH, then <yPUCCH may be 0 dB. 
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[0090] In Release 8/9, a WTRU may synchronize to a cell and determine and 

maintain its DL timing. The WTRU may maintain UL timing based on its DL timing and 

timing advance commands received from the eNB. The eNB may send timing advance 

commands to the WTRUs in an attempt to align the signals received at the eNB (within 

a window) to improve the performance of the receiver. The timing advance may account 

for the distance, e.g., the path distance, between the WTRU and the eNB and may 

therefore need to change over time as the WTRU moves. The reception of the WTRU 

transmissions by the eNB may be via a direct path and/or via multi-path (which would 

be longer) and this may also change based on the movement of the WTRU or as the 

WTRU's environment changes. 

[0091] Before doing any other type of UL transmissions to the cell, a WTRU may 

perform a RACH access, which may also be called a RACH procedure or random 

access procedure, in the UL using its DL timing as a starting point for its UL 

transmission. The RACH may have an extended guard period to avoid corrupting other 

WTRU's transmissions before UL timing is corrected by the eNB. The eNB may use 

reception of the RACH to determine the absolute timing advance to send to the WTRU, 

which it may send to the WTRU via a MAC Random Access Response (RAR). Timing 

Advance (TA) commands, which may be signaled via MAC in response to RACH, may 

be relative to current DL timing and may be signaled as a multiple of 16Ts, where said 

multiple may range from 0 through 1282. 

[0092] Over time, as the WTRU may move and/or its environment may change, 

the DL channel may change. As long as it is able, the WTRU may maintain DL sync 

with the eNB. The eNB may monitor reception from the WTRU and, in a closed-loop 

fashion, may control WTRU UL timing as follows: the eNB may send a TA command in 

subframe N, which may be via a MAC CE to update the WTRU UL timing, and the 

WTRU may respond by adjusting its UL timing accordingly at subframe N+6. Eventually, 

the eNB may send another TA command, and so forth. TA commands may apply to 

PUCCH, PUSCH, and SRS. TA commands, which may be signaled via MAC, may be 
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relative to current UL tinning, and may be signaled as a multiple of 16Ts, where said 

multiple may range from -32 through +31. 

[0093] Both the eNB and WTRU may maintain countdown timers called Time 

Alignment Timers (TAT), which may be started at the time of the most recent TA 

command. After the eNB TAT expires, the eNB may send a PDCCH order to a WTRU 

to perform a RACH procedure to reset its UL timing. If the WTRU TAT expires, the 

WTRU may cease transmissions to the eNB until receipt of a PDCCH order to perform 

the RACH procedure to reset its UL timing. The value of TAT, i.e., the amount of time 

between start and expiration, may be signaled to the WTRU via RRC signaling as a 

value timeAlignmentTimer. 

[0094] In some embodiments, a cell includes a combination of downlink and/or 

uplink resources. Each of the downlink and uplink resource sets may be associated to a 

carrier frequency, which may be the center frequency of the cell, and a bandwidth. An 

eNodeB (eNB, e.g., eNB scheduler) may be responsible for managing resources of one 

or more cells. In LTE Release 10 carrier aggregation, a WTRU may communicate with 

one primary cell (PCell) and multiple secondary cells (SCell). The terms cell, serving 

cell, and component carrier (CC) may be used interchangeably. 

[0095] In Release 10, the WTRU may communicate with one eNB, which may 

support multiple co-located intra-band cells (intra-band carrier aggregation). When 

supporting carrier aggregation, a WTRU may transmit and/or receive to and/or from 

multiple cells of an eNB. The WTRU may maintain DL and UL timing for the PCell and 

may apply that timing to all SCells. TA may be, e.g., may only be, provided for the PCell 

and may be applied to the SCells. The random access procedure using RACH may be, 

e.g., may only be, performed on the PCell. In Release 11, the WTRU may communicate 

with multiple intra-band and/or inter-band cells controlled by the same eNB, which may 

or may not (for example as in the case of remote radio heads) be co-located. Separate 

TA may be possible for cells with different timing requirements and possibly separate 

random access procedures as well. 
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[0096] There may be groups of cells, each of which may be termed a Timing 

Advance Group (TAG), for which a WTRU may maintain the same UL and/or DL timing 

for cells {e.g., all the cells) belonging to that TAG. For a given WTRU, the timing for 

cells in one TAG may be different from the timing in another TAG. A TA command for a 

cell belonging to a TAG may be applied by the WTRU to all its cells in that TAG. For a 

WTRU not supporting carrier aggregation, such as a R10 WTRU, the WTRU may be 

considered to have one TAG with its cells {e.g., all its cells or all its cells with configured 

UL) in the one TAG. Where TA is described herein as applying or being applied to a 

cell, it may also or instead mean TA applying or being applied to a TAG or all cells 

belonging to a TAG. 

[0097] In order to support uplink feedback in a system, such as a multi-scheduler 

system, various approaches to PUCCH and PUSCH transmission may be used. 

[0098] In one embodiment, for example as depicted in FIG. 6, a WTRU 602 may 

transmit a single PUCCH intended for reception by a first eNB or cell only. Other eNBs 

or cells may receive their UCI from the first eNB or cell, for example via an X2 or X2-like 

interface. 

[0099] In one embodiment, for example as depicted in FIG. 7, a WTRU 702 may 

transmit a single PUCCH and/or PUSCH intended for reception by, or which may be 

received by, both a first eNB or cell and one or more additional eNBs or cells. The 

WTRU 702 may, for example, transmit PUCCH carrying UCI for both a first eNB and a 

second eNB on the resources of a first eNB. A second eNB may listen to and receive 

the UCI transmitted on the resources of the first eNB. As another example, the WTRU 

702 may transmit PUSCH for a first eNB on the resources of the first eNB. Both the first 

eNB and the second eNB may attempt to receive and decode the PUSCH. If successful, 

the second eNB may relay {e.g., send) the PUSCH data it decoded to the first eNB for 

example via an X2 or X2-like interface. The first eNB may combine the PUSCH received 

from the second eNB with the PUSCH it receives to achieve better performance. As 

another example, a WTRU may transmit PUSCH for a first eNB on one set of resources 

of a first eNB and PUSCH for a second eNB on a second set of resources of a first eNB. 
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The sets of resources may be different in at least one of frequency or time. Each eNB 

may only receive and/or attempt to decode the PUSCH transmitted on the resources 

intended for it. 

[00100] In one embodiment, for example as depicted in FIGS. 8 and 9, a WTRU 

802 or 902 may transmit separate PUCCH to each of one or more eNBs or cells, which 

may be carried in different frequencies, different PUCCH resources, or staggered in 

time. In one example, a WTRU may transmit separate PUSCH to a first eNB and a 

second eNB at least substantially simultaneously. The WTRU may also transmit 

PUCCH to a first eNB only or to a first eNB and a second eNB, where the PUCCH 

transmissions may not be simultaneous, for example, not at the same time, e.g., not in 

the same subframe. The PUCCH to each eNB may carry UCI corresponding to and/or 

intended for one or more eNBs. FIG. 8 depicts UCI transmission to one eNB. FIG. 9 

depicts transmission of UCI to multiple eNBs. UCI transmitted to an eNB may include 

the UCI only for that eNB or for multiple eNBs. While not depicted in FIGS. 8 and 9, it is 

to be appreciated that each eNB and/or the WTRU may aggregate in the UL and/or the 

DL more than one cell. 

[0100] For each of these uplink feedback approaches, methods and procedures 

can be used for handling power control and timing advance for the channel(s) carrying 

UCI and UL data. Moreover, methods and procedures can also be used for handling 

power control for multiple UL channels in the case of UL, such as multicarrier UL, 

scheduling in which the WTRU may simultaneously transmit combinations of one or 

more PUCCH and one or more PUSCH, which may be with or without UCI, and these 

transmissions may be intended for, received by, or controlled by multiple eNBs, cells, 

sets of cells, sites, beams, or schedulers, such as independent schedulers. 

[0101] In some embodiments, systems and methods may be used to control 

power for a channel that may be or that may be intended to be received by multiple 

eNBs or cells. 
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[0102] A given channel, for example PUSCH or PUCCH, transmitted on one set 

of UL resources may at times be intended for reception by, or may be received by, 

multiple eNBs or cells, for example, as depicted in FIG. 7. These eNBs or cells may 

need different power in order for each to successfully receive, e.g., successfully decode, 

the channel. An example of this scenario is when a single PUCCH is intended for 

reception by, or may be received by, both a first eNB or cell and one or more additional 

eNBs or cells. The present disclosure provides systems and methods for setting the 

channel power such that multiple eNBs or cells intended to receive, or which may 

receive, the same channel are able to successfully receive the channel. 

[0103] In addition, the multiple eNBs or cells intended to receive, or which may 

receive, the channel may each be able to control, possibly independently, the channel 

power, for example, by TPC commands. The present disclosure provides systems and 

methods for combining the power control commands for a single channel provided by 

multiple eNBs or cells. 

[0104] At times, a WTRU may transmit separate PUCCH or PUSCH to each of 

multiple eNBs or cells. Separation may be by different frequencies, different PUCCH or 

PUSCH resources or staggering in time, for example, as depicted in FIGS. 8 and 9. 

Each PUCCH or PUSCH may need different power in order for each eNB or cell to 

successfully receive the channel. The present disclosure provides systems and 

methods for setting the channel power for each PUCCH or PUSCH such that the eNB 

or cell for which each PUCCH or PUSCH is intended is able to successfully receive the 

channel. The systems and methods provided may be applicable to PUSCH as well as 

PUCCH. 

[0105] In some embodiments, an eNB or scheduler may manage the maximum 

allowed transmit power and power distribution for one or more cells. 

[0106] In Releases 8, 9, and 10 of the LTE Standards, a WTRU may transmit on 

the resources of one or more cells controlled by the same eNB. A scheduler at the one 

eNB may manage the maximum WTRU allowed transmit power, p-max, for each cell via 
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RRC (also known as Pemax,c). This value may be signaled to each WTRU individually 

and may be used for interference management. 

[0107] The eNB may also provide UL grants to WTRUs for resources of one or 

more UL cells with the intent of maximizing one or more of coverage, capacity, and 

throughput while not causing a WTRU to exceed its output power limits which may be 

its configured maximum output power for each cell and for the WTRU as a whole. 

These configured maximum output powers may take into account WTRU Powerclass, 

Pemax,c, and allowed power reductions to enable the WTRU to meet various 

requirements such as emissions and SAR. 

[0108] When a WTRU may transmit on resources of cells where each cell or 

group of cells may be controlled by a different eNB or scheduler and each eNB or 

scheduler may be independent and/or may be unaware of what the other eNB or 

schedulers may be scheduling, as may be the case, for example, in scenarios such as 

the ones depicted in FIGS. 8 and 9, management of WTRU transmit power may be 

difficult, and WTRUs may exceed their output power limits which may result in WTRU 

power scaling and reduced performance. 

[0109] It is further observed that maximum power may also be an issue for the 

case illustrated, for example, in FIG. 7, in which a WTRU 702 may be transmitting one 

PUCCH or PUSCH intended for reception by, or which may be received by, more than 

one eNB or cell, or the case in which a WTRU may transmit separate PUCCH or 

PUSCH simultaneously to each of more than one eNB or cell, since power control and 

the maximum power rules only account for a single PUCCH and a single controlling 

eNB. 

[0110] The present disclosure provides systems and methods to avoid the 

situation where the WTRU would exceed its maximum configured output power when 

the WTRU is communicating with multiple eNBs or schedulers, where each eNB or 

scheduler may provide scheduling for a configured set of cells known to the WTRU. In 

addition to not wanting to exceed the WTRU's maximum allowed power, it may be a 
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goal of the eNB scheduler to maximize the use of available power, for example, by 

providing individual WTRUs with large grants for short periods of time. The present 

disclosure provides systems and methods to increase or maximize the use of available 

power when the WTRU is communicating with multiple eNBs or schedulers. 

[0111] In some embodiments, a WTRU may determine a timing advance (TA) for 

a channel that may be or that may be intended to be received by multiple eNBs or cells. 

[0112] In certain scenarios, for example as depicted in FIG. 7, a WTRU 702 may 

transmit a PUCCH or PUSCH on one set of UL resources intended for reception by, or 

which may be received by, multiple eNBs or schedulers. TA needed for reception, or the 

TA that would be determined, by one eNB or scheduler may be different from that for a 

different eNB or scheduler, yet only one timing advance value may be physically applied 

to the one transmission. The present disclosure provides systems and methods for the 

WTRU to determine how much TA to apply to an UL transmission intended for reception 

by, or which may be received by, multiple eNBs, cells of multiple eNBs or multiple 

schedulers, to satisfy the UL timing requirements of the multiple eNBs, the cells of 

multiple eNBs, or the multiple schedulers. 

[0113] In some embodiments, a WTRU may determine a timing advance (TA) for 

separate PUCCH or PUSCH that may be transmitted to each of multiple eNBs or cells. 

[0114] At times, for example as depicted in FIGS. 8 and 9, it may be necessary 

for a WTRU to transmit separate PUCCH or PUSCH to each of multiple eNBs or cells 

where separation may be by different frequencies, different PUCCH or PUSCH 

resources or staggering in time. Each PUCCH or PUSCH may need a different timing 

advance in order for each cell/eNB to successfully receive the channel. Methods and 

systems are provided for determining the Timing Advance for each PUCCH or PUSCH 

such that the cell or eNB for which each PUCCH or PUSCH is intended is able to 

successfully receive the channel. 
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[0115] In some embodiments, eNBs that may schedule UL grants for a WTRU 

may be provided with sufficient power and/or other information to improve performance 

and efficiency of scheduling decisions. 

[0116] In a scenario in which a WTRU may transmit all of its channels on 

resources of cells managed by the same eNB, and that eNB may receive power 

headroom reports from the WTRU, the eNB may be able to estimate how to adjust the 

UL grants to utilize the WTRU's available power and to avoid the situation in which the 

WTRU exceeds its maximum power, which causes it to scale back and may result in 

performance degradation. 

[0117] In a scenario, e.g., as depicted in FIGS. 7-9, in which a WTRU may 

transmit its channels on resources that are intended for reception by, or which may be 

received by, multiple eNBs, especially in the case in which multiple eNBs may 

individually schedule UL grants for that WTRU, some conventional power headroom 

and reporting, such as headroom reporting, methods may not be sufficient. 

[0118] Methods and systems are disclosed that provide eNBs that may schedule 

UL grants for a WTRU with sufficient power and/or other information to improve 

performance and efficiency of scheduling decisions. 

[0119] In some embodiments, systems and methods may be used to control 

power for a channel that may be received or that may be intended to be received by 

multiple eNBs or cells. For example, power can be controlled for PUCCH or PUSCH 

that may be received or that may be intended to be received by multiple eNBs or cells. 

[0120] The scenario may be that the WTRU may transmit PUCCH or PUSCH on 

the resources of a specific cell and that PUCCH or PUSCH may be intended for 

reception by, or may be received by, one or more eNBs, cells, or schedulers, for 

example, as depicted in FIG. 7, which may include that cell or the eNB managing it and 

one or more other eNBs or schedulers. 
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[0121] PUCCH transmission may be in the frequency band and on the carrier 

frequency of the cell on which the PUCCH is being transmitted. Any other eNBs or 

schedulers needing to receive the PUCCH may need to be able to receive that 

frequency in that band. 

[0122] As an example, the WTRU may transmit PUCCH on the PCell. Any eNB 

or scheduler needing to receive the PUCCH may need a means to receive the UL PCell 

transmission, for example, as depicted in FIG. 7. As another example, the WTRU may 

be told such as by RRC, MAC, or L1 signaling, on which cell {e.g., on which cell's 

resources) to transmit PUCCH. Any eNB or cell needing to receive the PUCCH may 

need a way to receive the resources of that cell. 

[0123] The WTRU may be allowed to configure its maximum output power for CC 

c. In some embodiments, the WTRU may be allowed to configure its maximum allowed 

output power for PUCCH separately from its maximum allowed output power for 

PUSCH for a given CC. The WTRU may determine Pcmax,c for the PUCCH, {i.e., 

Pcmax,c_PUCCH,) based on one or more of the following: 

o a PUCCH power limitation on the CC on which it is transmitting, which 

may be received by the WTRU via RRC, MAC, or L1 signaling; 

o Pcmax,c for the CC on which it is transmitting which may be the Pcmax,c 

for the PUSCH for the CC on which it is transmitting; and/or 

o a limitation, such as a maximum allowed transmit power, which may 

provided to the WTRU for another cell (or eNB), possibly one for which the 

WTRU transmission may be intended or one which may receive the 

WTRU transmission; the WTRU may take into account this limitation 

always or only when the WTRU knows it will be transmitting information 

that is intended for that other cell or eNB (such as A/N or CQI for that 

other cell or eNB). 

[0124] In some embodiments, the WTRU may set the Pcmax,c for the PUCCH to 

the lowest value among Pcmax,c for the CC on which it is transmitting and the 
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maximum allowed transmit powers of the other eNBs or cells for which the WTRU 

transmission may be intended or which may receive the PUCCH transmission. 

[0125] When determining transmit power, the WTRU may use path loss (PL) as 

an adjustment to compensate for distance from the cell, fading and other effects. When 

cells are not co-located, these effects may be different. Transmission frequency may 

also affect path loss. 

[0126] In some embodiments, the WTRU may determine a path loss value, 

possibly in each subframe or in each subframe it will transmit PUCCH, for one or more 

of the following eNBs, and the WTRU may combine those path loss values into a single 

path loss value for use in the PUCCH power calculation: eNB of the PCell; eNB of the 

cell on which the WTRU is transmitting PUCCH; all or a subset of eNBs for which the 

WTRU has configured and possibly activated cells; and/or eNBs for which the WTRU 

knows it will be transmitting information (such as A/N or CQI for one or more cells of 

that eNB) possibly in that subframe. 

[0127] As an example, the WTRU may, in each subframe or in each subframe it 

will transmit PUCCH, determine a path loss value for each eNB for which the WTRU 

has activated DL cells and combine those values. 

[0128] To combine the path loss values from one or more eNBs, the WTRU may 

choose the worst case, e.g., largest path loss among the eNBs. In some embodiments, 

the WTRU may average or otherwise combine the path loss values. 

[0129] As another example, if the WTRU knows that the PUCCH is only intended 

for reception by one eNB, possibly when the PUCCH is only carrying information for one 

eNB, the WTRU may use the path loss needed for that eNB. 

[0130] When determining a path loss value or values in a particular subframe, 

that value or values may be based on measurements the WTRU made in that and/or 

previous subframes. 
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[0131] The WTRU may use one or more cells in the determination of path loss for 

an eNB. The WTRU may be configured with a set of cells that are managed by a 

particular eNB or scheduler. The WTRU may determine which cell or cells to use for PL 

of an eNB in at least one of the following ways: 

o A WTRU may choose a cell from each eNB for which it has configured 

and possibly activated DL cells to use for PL for that eNB; 

o A WTRU may use PCell PL for the eNB that has PCell; 

o For an eNB different from the one with PCell, a WTRU may use the 

configured, possibly activated, cell with the closest frequency to that of 

PCell for PL; 

o A WTRU may receive signaling, e.g., RRC signaling, which informs the 

WTRU which cell(s) to use for PL; this signaling may come from the PCell 

eNB or another eNB and may only be to identify cells of eNBs different 

from the PCell eNB; and/or 

o A WTRU may choose the cell from an eNB, possibly only for eNBs that 

are not the PCell eNB, which has the highest PL. 

[0132] In some embodiments, a WTRU may average, or otherwise combine, the 

PL values from all or a subset of the configured, possibly activated, cells of an eNB into 

one PL value for that eNB; possibly only for an eNB that is not the eNB of the PCell. 

[0133] In some embodiments, when a WTRU determines path loss for a cell or 

eNB for which the PUCCH transmission may be intended, or which may receive the 

PUCCH, the path loss may be determined from a transmission that is on a different 

frequency and possibly a different frequency band than the frequency and frequency 

band that will be used for PUCCH transmission. 

[0134] The WTRU may adjust the path loss value determined for an eNB to 

compensate for frequency difference. The adjustment may be made autonomously by 

the WTRU based on, for example, the frequency and/or band of the DL transmission for 
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which the path loss was determined and the frequency and/or band of the PUCCH 

transmission. 

[0135] In some embodiments, the WTRU may receive a compensation value, for 

example, via RRC or other signaling, for each eNB that may receive the PUCCH, with 

the possible expection of the PCell eNB. 

[0136] In some conventional systems, PO_PUCCH may be the sum of two 

parameters, PO_UE_PUCCH and PO_NOMINAL_PUCCH, both of which may be provided by RRC 

signaling. PO_NOMINAL_PUCCH may be common for all WTRUs in a cell and PO_UE_PUCCH may 

be different for different WTRUs in a cell. For Release 10 (R10), these may be or may 

only be appropriate for a WTRU's PCell since the WTRU may only transmit PUCCH on 

the PCell. 

[0137] When PUCCH may be intended for or received by multiple eNBs or 

schedulers, each eNB or scheduler may use a different value for one or more of these 

parameters. In some embodiments, the WTRU may receive one or more of: 

• eNB-specific values of one or more of PO UE PUCCH, and PO NOMINAL PUCCH! 

and 

• cell-specific values of one or more of PO_UE_PUCCH and PO_NOMINAL_PUCCH, 

which may be used by the WTRU to determine which values are 

associated with which eNB. 

[0138] eNB- or cell-specific values may be known to the WTRU by association 

with a particular set of configured cells. 

[0139] For each subframe in which the WTRU may transmit PUCCH, the WTRU 

may determine P0_PUCCH for the transmission based on P0_UE_PUCCH and PO_NOMINAL_PUCCH 

for one or more of the following: 

• eNB of the PCell; 

• eNB of the cell on which the WTRU may transmit PUCCH; 
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• all or a subset of eNBs for which the WTRU may have configured and possibly 

activated cells; and/or 

• the eNB (or eNBs) for which the WTRU may know it may be transmitting 

information (such as A/N or CQI for one or more cells of that eNB), possibly in 

that subframe. 

[0140] An eNB may be known to the WTRU by association with a set of 

configured cells. 

[0141] The criteria the WTRU may use for choosing PO_UE_PUCCH and 

PO_NOMINAL_PUCCH may be different. For example, the WTRU may use the 

PO_NOMINAL_PUCCH of the PCell eNB and an eNB-specific value for PO_UE_PUCCH when 

transmitting. The WTRU may maintain cell-specific values, possibly instead of eNB-

specific values. This may be the case if there is one cell per eNB or if there is only one 

cell managed by an eNB that is not the eNB managing the PCell. 

[0142] In some embodiments, the WTRU may determine a PUCCH power control 

adjustment state g(i), also known as a transmit power control (TPC) factor. 

[0143] When the WTRU may transmit PUCCH on one set of resources that may 

be intended for or received by multiple eNBs, e.g., as depicted in FIG. 7, the WTRU 

may receive TPC commands from more than one eNB for that PUCCH. It may be 

desirable for the WTRU to combine these TPC commands in such a way that may 

ensure that the eNB requiring the most power may be able to successfully receive the 

PUCCH without using more, or significantly more, power than necessary. One way to 

combine these commands may be to set the TPC to an up command if an up command 

is received from any eNB and set it to a down command if all eNBs send a down 

command. 

[0144] In some embodiments, this approach may be extended to account for the 

possibility that commands are not just up and down, but include hold and specific 

increase/decrease values. This approach would likely work well if TPC commands are 
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received from all eNBs at the same time and correspond to the same transmission from 

the WTRU. This, however, may not be the case. Each eNB may decode PUCCH only 

when there is a transmission with information intended for that eNB and there is no 

current requirement that an eNB must send a TPC command in response to a 

transmission. In addition, the WTRU may receive TPC commands in the same 

subframe that correspond to different transmissions it made, and it may receive TPC 

commands in different subframes that correspond to the same transmission it made. 

[0145] For example, the WTRU may transmit PUCCH in subframe k. Based on 

this transmission, eNB1 may provide a DL grant in subframe k+4 with a TPC command 

to increase power 3dB, which may be applied by the WTRU in subframe k+8. eNB2 

may have no DL data to send until subframe k+5. eNB2 may send a DL grant in 

subframe k+5 with a TPC command, based on the last PUCCH transmission, to 

increase power 3dB which may be applied by the WTRU in subframe k+9. Both eNB1 

and eNB2 may want the power increased by 3dB. Just using the TPC commands in 

each subframe may result in a 6dB increase in power in subframe k+9, which is 

incorrect. To get the right power, the TPC in subframe k+5 from eNB2 should be 

ignored, since eNB1 already requested the increase. 

[0146] In some embodiments, a non-accumulating TPC mode may be included 

for PUCCH, and the WTRU may combine the absolute TPC command values from 

different eNBs to obtain one value to use in the PUCCH power calculation. The WTRU 

may send the current value of the TPC factor to the eNBs. This embodiment may 

involve additional signaling and/or a new or modified DCI (DL control information) or 

DCI format. 

[0147] In some conventional systems, PUCCH TPC commands may only operate 

in an accumulating mode. In this mode, the WTRU may receive commands to increase 

or decrease power by specified increments with respect to the current power in the 

subframe in which the TPC commands are applied. For PUSCH, however, there is 

another mode that may use absolute TPC commands as opposed to accumulating TPC 
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commands. In this mode, the power control adjustment state for PUSCH, which is 

similar to the PUCCH TPC factor, may be set equal to the applicable TPC command. 

[0148] In some embodiments, this concept may be applied to PUCCH such that, 

in a non-accumulating PUCCH TPC mode: 

9(i) = <WCH (i-k) where, for example, k= 4 for FDD, 

where <yPUCCH (i-k) is the TPC command that may be received in subframe i-k. 

[0149] One or more of the following rules may apply to the non-accumulating 

PUCCH TPC mode: 

• The non-accumulating PUCCH TPC mode may be enabled and disabled 

as it is for PUSCH; 

• Enabling and disabling TPC accumulation for PUCCH may be controlled 

separately from enabling and disabling it for PUSCH; 

• The possible TPC command values for PUCCH may be the same as or a 

different set from those allowed for PUSCH which may be +1, -1, +4, and 

4dB; and/or 

• There may be more values allowed for PUCCH than PUSCH, which may 

involve a change to the signaling, for example, one or more new or 

modified DCI formats. 

[0150] For situations in which TPC commands may be received from more than 

one eNB, the WTRU may determine the TPC factor, g(i), in a given subframe based on 

a combination of the TPC commands from the eNBs. In various embodiments, the 

WTRU may do one or more of the following: 

• For each subframe j for which the WTRU receives a TPC command from 

an eNB x, the TPC value for that eNB x may be the received value, e.g., 

the WTRU may set £PUCCH _ENBx(\) = received TPC command value from 

eNB x; 
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• For each subframe j for which the WTRU does not receive a TPC 

command from an eNB x, the WTRU may assume that the last received 

TPC value for that eNB is still the one the eNB wants, e.g., the WTRU 

may set£PUCCH _ ENBx (j) ^PUCCH _ ENBx G-1); 
• In a subframe i in which the WTRU may or is to transmit PUCCH, the 

WTRU may determine one TPC value for subframe i-k, <yPUCCH (i-k), from 

the individual TPC values of certain eNBs x in subframe i-k, SFl]CCR _ENBx(\-

k), where, for example, k may be 4 for FDD. The eNBs x may include one 

or more of the following: the eNB of the PCell, the eNBs which may 

decode the PUCCH from this WTRU in this subframe or any subframe, the 

eNBs for which the PUCCH to be transmitted contains information for 

those eNBs, and/or the eNBs for which the WTRU has configured and 

possibly activated cells that may be configured with UL. The one TPC 

value for subframe i-k may be chosen by the WTRU to be the largest of 

the TPC values of the certain eNBs x in subframe i-k. The one TPC value 

for subframe i-k may be chosen by the WTRU to be an average or other 

combination of the TPC values of the certain eNBs x in subframe i-k; 

and/or 

• After determining one TPC value for subframe i-k, <yPUCCH (i-k), the WTRU 

may set the TPC factor for subframe i, g(i), to that TPC value, i.e., g(i) = 

(JPUCCH (i-k), and the WTRU may use it in the PUCCH power calculation for 

transmission in subframe i. 

[0151] To provide more range in an eNB's ability to control the TPC value, an 

additional offset parameter may be provided to the WTRU for each eNB. The WTRU 

may receive this offset value via RRC, MAC, or L1 signaling, for example. When 

determining the TPC value desired by each eNB, the WTRU may include this TPC 

offset value. For example, for eNB x, the WTRU may use ^PuccH_£A®x(i-k) + 

TPCoffset_ENBx as the TPC value in subframe i-k. The WTRU may start using the TPC 
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offset value as soon as it is received or after a delay, which may be a fixed delay, after it 

is received. 

[0152] In some embodiments, the WTRU may receive different.^ PUCCH values for 

different eNBs. The WTRU may use the P0 PUCCH value for the PCell as thep0 PUCCH value 

and determine an offset from that value for each eNB for which a P0 PUCCH is received. 

This offset may be used by the WTRU as the TPC offset value described above. For 

example, the TPC offset value may be determined from the following equations: 

Po PUCCH - PUCCH (PCell eNB) 

TPCoffset_ENBx= P0 PUCCH (nonPCell eNB) - PQ PUCCH (PCell eNB). 

[0153] In some embodiments, a greater TPC range may be accomplished by 

either RRC reconfiguration of TPC code points or addition of new TPC code points. 

[0154] In some embodiments, the WTRU may provide a TPC factor to eNBs. 

[0155] It is noted that when only one eNB may be providing non-accumulating 

TPC commands, that eNB may or may always know what the current value of the TPC 

factor is. When it may determine that more or less power may be needed, it may know 

what TPC command to send to replace the TPC factor value. When multiple eNBs send 

these non-accumulating TPC commands, in a given subframe, an eNB may not know 

for certain what the current TPC factor value is since the WTRU may be using the 

requested TPC factor value from a different eNB. The eNB may send a command that 

results in overshoot or undershoot of the desired power. When deciding what TPC 

command to send, the eNB may take this into account. 

[0156] In some embodiments, there may be a mechanism for the WTRU to send, 

and possibly for the eNB to request, the value of the TPC factor. For example, the 

WTRU may provide the current value of the TPC factor in the transmitted PUCCH itself, 

possibly only if some criteria is met such as a change by more than a threshold or a 

change of which eNB may be driving the value of the TPC factor. This may only require 

a few additional bits, depending on the allowed range of the TPC factor. 
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[0157] In one example, the WTRU may send the current value of the TPC factor 

in a MAC CE. If, however, only one eNB may receive PUSCH, the other eNB may not 

be able to receive that transmission. Exchange over X2, which may be slow, may be 

involved. 

[0158] In one embodiment, the WTRU may determine each eNB's desired TPC 

factor based on TPC commands received and the PUCCH transmissions to which those 

TPC commands may apply. The WTRU may then combine the individual values desired 

by the different eNBs to determine the value to use. This approach may use the 

accumulating TPC operation and may not require added signaling. 

[0159] In an example embodiment, the WTRU may do one or more of the 

following: 

• The WTRU may keep track of the transmissions intended for each eNB, 

such as transmissions that contain information {e.g., A/N bits or CQI) 

intended for each eNB, and what the TPC factor was when the 

transmission was made; 

• When WTRU receives TPC from an eNB, it may determine which 

transmission the TPC corresponded to and the TPC factor at that time. 

This transmission may be the most recent transmission with information 

intended for the eNB that is at least some number of subframes earlier 

than the subframe in which the TPC command is received. For example, 

for TPC command received in subframe k, this transmission may be the 

most recent transmission with information intended for the eNB that was in 

a subframe <= k-x where x may, for example, be 4 for FDD. For the eNB 

of PCell, the WTRU may consider all transmissions to be intended for that 

eNB; 

• The WTRU may determine the TPC factor desired by an eNB in each 

subframe, call it g_desired_ENBx(i) for eNB x in subframe i, for example, by 

using an approach described herein; 
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• In each subframe in which the WTRU may transmit PUCCH, the WTRU 

may set the TPC factor to be used for PUCCH transmission to a value 

determined from a combination of the TPC factor values desired by all 

eNBs which may receive the transmission or possibly from a combination 

of the TPC factor values desired by all eNBs for which information in the 

PUCCH is intended in that subframe; and/or 

• The WTRU may combine desired TPC factors from multiple eNBs, 

possibly those eNBs that may receive the transmission or possibly those 

eNBs for which information in the PUCCH is intended in that subframe, by 

taking the largest value among them. 

[0160] The WTRU may do one or more of the following, possibly to determine the 

TPC factor desired by an eNB in a subframe. For FDD, when the WTRU receives TPC 

commands in subframe n, they may be intended to be applied to transmission in 

subframe n+4. 

• The WTRU may assume that an eNB, e.g., eNB x, may send non-zero 

TPC commands no more often than once per N subframes. N may be 8, 

for example, for FDD; 

• If a WTRU receives a non-zero TPC command from an eNB x within N 

subframes of a previously received non-zero TPC command from that 

same eNB x, the WTRU may consider the TPC command invalid and 

ignore such TPC command. An example way to accomplish this may be to 

have a prohibit timer that may be started upon receipt of a non-zero TPC 

command from an eNB. Non-zero TPC commands, possibly all TPC 

commands, from that eNB may be ignored by the WTRU until the timer 

expires; 

• In a given subframe in which a WTRU may receive a TPC command from 

an eNB x, e.g., subframe k, the WTRU may recall the TPC factor of the 

PUCCH transmission on which it may infer this TPC command was based. 

This subframe may be, for example, subframe k-j. The TPC factor may be 
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designated g(k-j). Subframe k-j may be the most recent subframe in which 

the WTRU transmitted PUCCH or the most recent subframe the WTRU 

transmitted PUCCH with information intended for eNB x, possibly the most 

recent such subframe with j >=p and p may be 4 for FDD; 

• If a non-zero TPC command is received from eNB x by the WTRU in 

subframe k and is valid, the WTRU may determine the desired TPC factor 

which may be applied in subframe k+4 for that eNB as 

g_desired_ENBx(k+4) = g(k-j) + TPC command value; 

• If a TPC command of 0 is received from eNB x in subframe k, the WTRU 

may do one or more of the following, possibly to determine whether this 

"hold" means to hold the power based on the last transmission or if eNB x 

may be waiting for a previously sent TPC to be applied. The WTRU may 

determine if a non-zero TPC command was received from eNB x in one of 

the previous P, which may be 7, subframes and, if so, may hold the last 

desired TPC factor for eNB x, e.g., set g_desired_ENBx(k+4) = 

g_desired_ENBx(k+3). The WTRU may determine if there was a recent 

transmission to {e.g., with information intended for) eNB x at least q (for 

example, 4 for FDD) subframes after the last non-zero TPC command was 

received from eNB x and at least p (which may be 4) subframes before the 

current subframe. If so, the WTRU may consider this a valid TPC 

command and may treat it in the same manner as a valid non-zero TPC 

command as above. If not, the WTRU may hold the last desired TPC 

factor for eNB x; e.g., set g_desired_ENBx(k+4) = g_desired_ENBx(k+3); 

and/or 

• The WTRU may treat receipt of no TPC command the same way it treats 

receipt of a zero TPC command. Alternatively, if the WTRU does not 

receive a TPC command in subframe k for eNB x, the WTRU may hold the 

last desired TPC factor for eNB x., e.g., set g_desired_ENBx(k+4) = 

g_desired_ENBx(k+3). 
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[0161] If an eNB is permitted to send multiple non-zero TPC commands close to 

each other in time, for example more often that once per N {e.g., 8) subframes, the 

results may be undesirable since it may be difficult to determine what the eNB intended. 

The WTRU, however, may handle this case in one or more of the following ways: 

• The WTRU may consider all non-zero TPC commands valid and treat 

them the same way, e.g., upon receipt of any non-zero TPC command 

from eNB x in subframe k, the WTRU may determine the desired TPC 

factor value for eNB x to be applied in subframe k+4 based on that TPC 

command and the PUCCH transmission in subframe k-j that it may have 

determined the TPC command to have corresponded to, and the WTRU 

may set g_desired_ENBx(k+4) = g(k-j) + TPC command value; and/or 

• If the WTRU receives a non-zero TPC command from eNB x that is within 

N subframes of a previously received non-zero TPC command from eNB 

x, the WTRU may assume that eNB x intended the WTRU to combine the 

TPC commands and the WTRU may set g_desired_ENBx(k+4) = 

g_desired_ENBx(k+3) + TPC value. 

[0162] FIG. 3 illustrates a table 300 and provides an example sequence of 

subframes and an example of the TPC factor that may be used by the WTRU for UL 

transmission. Actual power may vary based on a number of factors, but only the TPC 

factor is shown. For each subframe, the figure shows the subframe number, the value of 

the TPC factor g(k) which may be used for transmission, whether the WTRU transmitted 

to the eNB, the TPC command if there was one, and the eNB's desired TPC factor. 

[0163] FIG. 3 provides an example of an embodiment where a TPC command in 

subframe k corresponds to the most recent subframe j in which PUCCH was transmitted 

where k-j >=4, non-zero TPC commands are permitted no more often than every 8 

subframes, and a TPC command received in subframe k is to be applied in subframe 

k+4. In this example, only one eNB is providing TPC commands to the WTRU. 

[0164] In this example, referring to the triangles, the WTRU transmits PUCCH in 

subframe 0 using a TPC factor, g(k), of G in the determination of transmission power. 
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The eNB may provide a DL grant in subframe 4 with a TPC command to increase power 

by 3dB. The WTRU infers that the TPC command in subframe 4 is with respect to the 

transmission in subframe 0 and increases the TPC factor to G+3 in subframe 8. The 

WTRU also now understands that the eNB's desired TPC factor is G+3 starting in 

subframe 8. 

[0165] Since the eNB is not permitted to send a non-zero TPC command for the 

next 7 subframes (5-11), it may send no TPC commands or TPC commands indicating 

0 change in those subframes. This is represented by a TPC command of 0 in table 300. 

[0166] Referring to the squares and the circles, subframe 12 (square) is the first 

subframe in which the eNB may send a non-zero TPC command and it would be with 

respect to the transmission in subframe 8 (square). Similarly, a TPC command in 

subframe 13 (circle) would be with respect to the transmission in subframe 9 (circle). In 

this example, the eNB sends either no TPC command or a 0 change TPC command in 

subframes 12 and 13. The WTRU understands that the eNB's desired TPC factor value 

for the subframes 4 later than 12 and 13, i.e., 16 (square) and 17 (circle), should remain 

at G+3 and makes no change. 

[0167] Referring to the diamonds, in subframe 14, the eNB decides to decrease 

the power by 1dB and sends a TPC command to lower the power by that amount. The 

WTRU infers that the TPC command in subframe 14 is with respect to the transmission 

in subframe 9 (not 10 since there was no transmission in subframe 10), and 

understands that the eNB's desired TPC factor in subframe 18 is G+2 and makes the 

change. 

[0168] FIG. 4 depicts a table 400 and provides another example of an 

embodiment where a TPC command in subframe k corresponds to the most recent 

subframe j in which PUCCH was transmitted where k-j >=4, non-zero TPC commands 

are permitted no more often than every 8 subframes, and a TPC command received in 

subframe k is to be applied in subframe k+4. In this example, the PUCCH transmission 

may be received by one or two eNBs and both may provide TPC commands to the 

WTRU. For simplicity of the example, the WTRU is assumed to transmit PUCCH in 

every subframe, eNB1 always receives it and eNB2 receives it in some subframes. 
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[0169] Referring to the triangles, the WTRU transmits PUCCH in subframe 0 

using a TPC factor, g(k), of G in the determination of transmission power. eNB1 may 

provide a DL grant in subframe 4 with a TPC command to increase power by 3dB. The 

WTRU infers that the TPC command in subframe 4 is with respect to the transmission in 

subframe 0 and increases the TPC factor to G+3 in subframe 8. The WTRU also now 

understands that eNBI's desired TPC factor is G+3 starting in subframe 8. 

[0170] Referring to the circles, eNB2 receives the WTRU transmission in 

subframe 1. The power of the transmission is based on a TPC factor of G+2 due to 

previous TPC commands. eNB2 sends a TPC command in subframe 5 to increase the 

power by 2 dB. The WTRU infers that the TPC command in subframe 5 is with respect 

to the transmission in subframe 1 which means eNB2's desired TPC factor is G+4 

starting in subframe 9. 

[0171] Since the eNB1 is not permitted to send a non-zero TPC command in the 

7 subframes following its command in subframe 4 (subframes 5-11), the WTRU 

considers eNBI's desired TPC factor to remain at G+3, recognizes that eNB2 desires a 

higher TPC factor and applies the higher one, G+4 in subframe 9. 

[0172] Referring to the squares, subframe 12 is the first subframe in which eNB1 

may send a non-zero TPC command and it would be with respect to the transmission in 

subframe 8. In subframe 8, the transmission power was based on the TPC factor of 

G+3, which is still what eNB1 desires, so no change is requested (TPC command 

shown as 0) and there is no change to the TPC factor in subframe 16. For subframes 12 

and 13, it is noted that the WTRU understands the desired TPC factors to be G+3 for 

eNB1 and G+4 for eNB2. If the WTRU is aware that only eNB1 needs to receive the 

transmission in those subframes, the WTRU may use a TPC factor of G+3 for those 

subframes. 

[0173] Referring to the diamonds, in subframe 9, eNB1 sees an increase in 

power of 1dB which it does not require, so it sends a TPC command to reduce the 

power by 1dB in subframe 13 to affect a change in subframe 17. Since eNB2 has sent 

no commands indicating it desires a lower TPC factor than G+4, the WTRU will keep 
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the TPC factor at G+4 (the larger of the desired TPC factors of the 2 eNBs) in subframe 

17. 

[0174] In some embodiments, the WTRU may maintain a separate TPC factor for 

each eNB. For embodiments such as ones in which PUCCH may be transmitted on the 

resources of a cell of one eNB and may be received by multiple eNBs, but not 

simultaneously, only one eNB may be expected to receive the PUCCH in any given 

subframe, the WTRU may determine the power for the PUCCH in that subframe using 

TPC commands of only that eNB instead of combining the TPC commands from 

multiple eNBs. The WTRU may maintain a separate TPC factor for each eNB and apply 

each eNB's TPC factor in the subframes in which the transmission is intended for that 

eNB. 

[0175] In some embodiments, the WTRU may control power for PUSCH that may 

be received or that may be intended to be received by multiple eNBs or cells. In various 

embodiments, the WTRU may transmit a particular PUSCH, possibly PUSCH carrying 

UCI, on the resources of a specific cell and that PUSCH is intended for reception by, or 

may be received by, one or more eNBs or cells which may include that cell or the eNB 

managing it and/or one or more other eNBs or cells. One or more methods and systems 

described herein for handling power control for PUCCH that may be transmitted to, 

intended for, or received by multiple, or at least one of multiple, cells or eNBs may be 

applied to a PUSCH channel that may be transmitted to, intended for, or received by 

multiple, or at least one of multiple, cells or eNBs. 

[0176] In some embodiments, systems and methods may be used to control 

power for separate channels that may be transmitted to each of multiple eNBs or cells. 

The separation may be by one or more of carrier frequency, resources, or time. 

[0177] For example, for power control for separate PUCCH and/or PUSCH that 

may be transmitted to each of multiple eNBs or cells, PUCCH may use resources of one 

cell with PUCCH separation in time. 
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[0178] In various embodiments, where only one eNB may be expected to receive 

the PUCCH in any given subframe, the WTRU may determine the power for the 

PUCCH in that subframe based on the TPC commands of only that eNB instead of 

combining the TPC commands from multiple eNBs. As an example, the WTRU may 

only send UCI intended for eNB1 in designated subframes, such as even subframes, 

and UCI intended for eNB2 in other designated subframes, such as odd subframes. The 

UCI to each eNB may be the UCI for the current and previous subframes. 

[0179] In each subframe, the WTRU may transmit PUCCH on the resources of a 

particular cell, e.g., the PCell, with UCI intended for one eNB, which may or may not be 

the eNB of the cell on which the PUCCH is transmitted, based on the subframes 

designated for each eNB. The WTRU may receive information, for example, via 

signaling, telling the WTRU in which subframes to transmit UCI for which eNB. 

[0180] In the embodiments having separate PUCCH for each eNB, the PUCCH 

intended for a particular eNB may only need to provide UCI for the corresponding DL 

SCells associated with the particular eNB. 

[0181] In some embodiments, for example, as depicted in FIGS. 8 and 9, the 

WTRU may maintain separate TPC factors for each eNB for which the PUCCH may be 

intended. The WTRU may do one or more of the following and the PUCCH TPC 

command received from eNB x in subframe j may be represented by ^PUCCH_£A®XC): 

• maintain separate TPC factors for each eNB, for example gENBx(i); 

• use only the TPC commands received from each eNB to update its TPC 

factor; receipt of no TPC command in a given subframe may be 

considered to be the same as receipt of 0 (no change); 

• update the TPC factor for eNB x according to the regular PUCCH power 

control rules or a modified version of the regular PUCCH power control 

rules; 

• update the TPC factor for eNB x for subframe i as gENBx(i) = gENBx(i-1) + 

^PUCCH ENBX 0_k), where k may equal 4 for FDD and gENBx(O) may be the 
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first value of that TPC factor after reset or possibly after any event that 

resets the TPC factor. The WTRU may do this regardless of whether or 

not it will transmit PUCCH intended for eNB x in that subframe (subframe 

i). Whether or not the WTRU may update the TPC factor for eNB x in 

every subframe, in a subframe in which the WTRU may transmit PUCCH 

intended for eNB x, the WTRU may update the associated TPC factor 

such that the resulting value of the TPC factor is the same as if it had 

been updated in every subframe; the WTRU may include all of the TPC 

commands from eNB x needed to achieve this result; 

• use the TPC factor for eNB x in subframe i, gENBx(i), when transmitting 

PUCCH intended for eNB x in subframe I; 

• set gENBx(O) to 0, and possibly restart accumulation from that point, if 

PO_PUCCHchanges, which may mean that the WTRU may receive a new 

value of PO_UE_PUCCH\ 

• set gENBx(O) to 0, and possibly restart accumulation from that point, if 

Po_puccHfor eNB x changes, which may mean that the WTRU may receive 

a new value of PO_UE_PUCCH for eNB x; 

• have separate values for each eNB for one or more of PO_PUCCH, 

PO_UE_PUCCH, and PO_NOMINAL_PUCCH', and/or 

• initialize all gENBx(O) to the same value following a RACH procedure which 

may provide a power ramp-up value and possibly a TPC command in the 

random access response (e.g., msg2) -- for example, set all gENBx(O) to 

g(0) where g(0) = APmmpup +smsg2. 

[0182] In the description above, the TPC factor is described as being maintained 

on an eNB basis. It may also, or alternatively, be maintained on a cell, scheduler, or 

other basis. 

[0183] When computing PUCCH power for transmission in a subframe i, the 

WTRU may set the PUCCH TPC factor for the transmission, g(i) or gc(i), to the 
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appropriate eNB-specific value, gENBx(i), or cell specific value. The approach described 

herein for PUCCH separation by frequency and/or resources may also be applied in the 

case of separation in time. 

[0184] PUCCH transmission may be for different eNBs or cells and may be 

separated by frequency and/or resources. For embodiments in which the WTRU may 

transmit PUCCH intended for different eNBs or cells on different frequencies and/or 

resources, resources of different UL cells may be used, the WTRU may determine the 

power for each PUCCH separately using the R10 PUCCH power control equation, or 

the R10 PUCCH power control equation as modified by subsequent releases of the 

standard. 

[0185] In embodiments with separate PUCCH for each eNB, the PUCCH 

intended for a particular eNB may, or may only need to, provide UCI for the 

corresponding DL SCells associated with the particular eNB. It may, however, provide 

UCI for more than one eNB. For each PUCCH, the WTRU may compute, determine, or 

receive via signaling a separate value for one or more of the following, and may use it 

for determining the power of that PUCCH whenever that PUCCH may be or is to be 

transmitted: 

# PCMAX,c (0 

• Pemax,c 

# ^F PUCCH C^) 

* KnCQI >nHARQ>nSR) 

* Po_PUCCH 

* P0_N0MINAL_ PUCCH 

• P 1 OUEPUCCH 

• PLC 

• g(i) 
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• ^PUCCH 

[0186] For example, for each cell on which whose resources the WTRU may 

transmit PUCCH, the WTRU may compute, determine, or receive via signaling a 

separate value for one or more of the above, and may use it for determining PUCCH 

power when transmitting on those resources. 

[0187] This embodiment may be applied, for example, to PUCCH separated in 

time, whether or not there is also separation in one or more of frequency and resources. 

For example, in each subframe, the WTRU may transmit PUCCH on the resources of 

one eNB or cell with the power that it determined for that PUCCH based on the values 

listed above for the eNB or cell for which the transmission is intended. 

[0188] In some embodiments, the WTRU transmits a separate PUSCH, possibly 

PUSCH carrying UCI, to each of one or more eNBs or cells. Separation may be by one 

or more of frequency, resources, and time. One or more methods and systems 

described herein for handling power control for PUCCH which may be transmitted to, 

intended for, or received by one or more eNBs or cells may be applied to a PUSCH 

channel that may be transmitted to, intended for, or received by one or more eNBs or 

cells. 

[0189] For the case where each PUSCH may use resources of a different cell, 

the power of each PUSCH may be computed in a similar fashion to Release 10, which 

supports simultaneous PUSCH transmissions on multiple CCs. For the case of 

separation in time, the WTRU may, for example, transmit PUSCH on the resources of 

one eNB or cell with the power it determined for that PUSCH based on the PUSCH 

power control values for the eNB or cell for which the transmission is intended. 

[0190] A number of scenarios described herein may be generalized to the 

transmission of a channel using different parameters, which may be provided or 

derived, based on the target for the transmission. The channel may be a PUCCH or a 

PUSCH and the transmission target may be one or more of an eNB, cell, scheduler, and 

the like, as previously discussed. The parameters may include power control 
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parameters such as at least one of as those described herein, timing parameters, such 

as Timing Advance, among others. 

[0191] FIG. 10 depicts an example embodiment of WTRU parameter receipt, 

maintenance, and selection for transmission of a channel to at least one transmission 

target. As shown in FIG. 10, the WTRU may receive one or more parameters such as 

by configuration or command at a block 1002, determine which transmission set the 

parameters may belong to at a block 1004, determine any parameters which may be 

derived based on the received configuration or command 1006, and then save the 

parameters at a block 1006, associating them with at least one transmission set that 

may be used for transmission to at least one transmission target. An example of a 

derived parameter is the TPC factor, which may be derived from a TPC command. 

[0192] When it may be time for a WTRU to transmit a channel, the WTRU may 

determine the transmission target(s) for the channel at a block 1008. Based on the 

transmission target(s), at a block 1010, the WTRU may use the corresponding set of 

transmission parameters, e.g., the transmission set. The WTRU may combine these 

parameters with other inputs, such as more dynamic inputs, for example path loss or 

certain allowed power reductions, which may be specific to a subframe. At blocks 1012 

and 1014, the WTRU may determine the power for transmission and the timing advance 

for transmission and then transmit the channel accordingly at a block 1016. 

[0193] It is noted that saving transmission sets of parameters is an example way 

to maintain the parameters the WTRU may need for transmission to at least one of 

multiple transmission targets. A WTRU may receive, update, derive, maintain, obtain, 

and use the parameters it may use or need for different transmission targets in any way 

and still be consistent with this disclosure. 

[0194] For a WTRU that may communicate in the UL with multiple schedulers or 

eNBs, in some embodiments, one eNB may be responsible for managing the power 

distribution for the WTRU among those eNBs. This managing eNB [e.g., MeNB), may, 

for example, be the eNB of, or that provides, the WTRU's PCell. Alternatively, the MeNB 
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may be a designated eNB that manages the power distribution and/or scheduling 

among a set of eNBs. The MeNB may or may not be one of the eNBs with which the 

WTRU may communicate. The MeNB may be an eNB, any of the equivalents of an eNB 

discussed herein, or another entity, such as a network entity. 

[0195] The MeNB may determine one or more of the maximum allowed transmit 

power per-CC, per-band, per eNB, per scheduler, or per set of configured cells. Any of 

these determinations may be applicable per WTRU, per group of WTRUs, or for all 

WTRUs transmitting on or to that CC, band, eNB, scheduler, or set of configured cells. 

For example, the MeNB may do one or more of the following: 

• The MeNB may determine the maximum power a WTRU is permitted to 

transmit in each UL CC or cell or set of configured UL CCs or cells that 

may belong to the same or different eNBs. The MeNB, or another eNB, 

may provide this value to the WTRU for each CC or cell or set of 

configured UL CCs or cells, possibly via RRC signaling. This may be the 

Pemax,c for the CC or cell or set of configured UL CCs or cells. For each 

CC or cell or set of configured UL CCs or cells, the MeNB may provide 

this value to the eNB controlling the CC or cell or set of configured UL 

CCs or cells, possibly over an X2 or X2-like interface to that eNB. This 

may be the Pemax,c for the CC or cell or set of configured UL CCs or 

cells. This may be a CC or cell limitation different from the Pemax,c, that 

may just be used by the eNB, possibly for scheduling decisions, and may 

not be provided to the WTRU or WTRUs. 

• The MeNB may determine the maximum power a WTRU, a group of 

WTRUs, or all WTRUs are permitted to transmit to a given eNB. The 

MeNB may provide this value to each such eNB, possibly over an X2 or 

X2-like interface to that eNB. The MeNB or another eNB may provide this 

value to the WTRU. This may be like a Pemax for the eNB, Pemax,eNB- In 

this case, the Pemax provided to an eNB or scheduler may be associated 

with a set of cells configured in the WTRU. 
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[0196] For a given eNB, based on the maximum power that a WTRU may 

transmit to that eNB, that eNB may determine the individual UL CC or cell power limits, 

e.g., Pemax,c, and signal those to the WTRU, or possibly to the MeNB which may 

signal them to the WTRU. The eNB or the MeNB may determine and signal to the 

WTRU the power limit for a configured set of cells, e.g., Pemax,eNB-

[0197] The MeNB may set the maximum power allowed per eNB in a way to 

ensure that the WTRU would not exceed its maximum power across eNBs, possibly so 

the sum of the allowed powers per eNB may be equal to the WTRU Powerclass power, 

or possibly another value which is the highest overall allowed power of the WTRU, or 

possibly a lower value if desired such as for interference reduction, for example. 

[0198] For example, for a 23dBm WTRU communicating with two eNBs, the 

maximum allowed powers may be set to 20dBm for each eNB so when the WTRU 

combines its transmit powers for each eNB, the total may not exceed 23dBm. In this 

way, each eNB would be able to manage its scheduling without having to be concerned 

about what another eNB is scheduling. 

[0199] For a given eNB, if the individual CC allowed maximum powers are set 

such that their sum does not exceed the eNB allowed maximum, the WTRU may not 

need to know the eNB allowed maximum. If, however, the sum of the individual CC 

allowed maximum powers may exceed the eNB allowed maximum, e.g., to allow 

scheduling flexibility among the CCs, then the WTRU may need the eNB allowed 

maximum value so it may limit the sum of its transmission powers to not exceed that 

maximum. 

[0200] An eNB may provide the MeNB with one or more of a minimum required 

and a maximum allowed UL power for one or more of the eNB as a whole, one or more 

of its CCs, a WTRU and/or a group of WTRUs. The MeNB may choose a value within 

this min/max range and provide that to the eNB. Communication may be via an X2 or 

X2-like interface. An eNB may request more or less allowed power from the MeNB for 

one or more of the eNB as a whole, one or more of its CCs, a WTRU and/or a group of 
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WTRUs. The MeNB may respond to this request with an allowed power value, possibly 

an updated one which complies with the request, for the eNB, CC(s), WTRU or group of 

WTRUs based on the request. Communication may be via an X2 or X2-like interface. 

The MeNB may change the maximum allowed power values and send them to the 

WTRUs and/or to one or more other eNBs. 

[0201] The maximum allowed power values may apply to all subframes. 

Alternatively, the values may be subframe-specific. For example, a WTRU may be 

provided with a set of maximum power values for each CC, which may define different 

power limitations for different subframes. For example, a WTRU that is nominally 

capable of transmitting at its power class level, such as 23dBm, may communicate with 

a number of UL cells, such as two. The WTRU may be provided with a set of maximum 

allowed power values, for example Pemax,c, for each of the cells. This set of maximum 

allowed power values may allow the WTRU to transmit to one eNB or cell at some level 

or levels in each of a first and second set of subframes, while also allowing the WTRU 

to transmit to another eNB or cell at some level or levels in each of those first and 

second sets of subframes, without exceeding its maximum power. For example, the 

subframe sets may be even subframes and odd subframes and the WTRU may be 

allowed to transmit 22dBm to a first eNB in the first set of subframes and 16dBm to that 

eNB in the second set of subframes while also being allowed to transmit 16dBm to a 

second eNB in the first set of subframes and 22dBm to that eNB in the second set of 

subframes. 

[0202] An MeNB, master scheduler, or other entity, may provide a scheduler, 

e.g., of an eNB, with a maximum grant, e.g., a maximum UL grant, for example in RBs, 

that it is permitted to allocate to a WTRU or WTRUs, for example, for at least one of its 

cells. This may be in response to at least one power headroom report that it may 

receive from or for at least one WTRU, for example, the WTRU for which it may provide 

the maximum grant. 

[0203] This maximum UL grant may be for a certain subframe, set of subframes, 

schedule of subframes, and the like. 
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[0204] The MeNB, master scheduler, or other entity, may provide a scheduler, 

e.g., of an eNB, with a set of maximum UL grants or a schedule of maximum UL grants. 

[0205] A scheduler, e.g., of an eNB may provide the MeNB, master scheduler, or 

other entity, with one or more of a minimum required UL grant and maximum desired UL 

grant for at least one WTRU. The MeNB, master scheduler, or other entity may choose 

a value within this minimum/maximum range and provide that to the eNB scheduler. 

[0206] The MeNB may update power control information provided to other 

eNBs/schedulers. These power control information updates may be based on data 

requirements of radio bearers configured for transmission and/or available resources for 

transmission on particular eNBs, or other criteria. Each eNB/scheduler may further 

negotiate power control distribution. For example, an eNB/scheduler could request or 

reject specific MeNB power control limitations. Power control limitations and distribution 

may also be requested/rejected by the WTRU. In this case, the WTRU may request or 

reject power limitations associated with a configured set of cells. 

[0207] Communication between the MeNB, master scheduler, or other entity and 

the scheduler, e.g., of an eNB, may be via an X2 or X2-like interface. 

[0208] For each CC that may carry PUCCH, the PUCCH power calculation 

performed by the WTRU may be extended to be CC specific, which may mean one or 

more of PO_PUCCH and g(i) may become CC specific, i.e., Po_puccH,cand gc(i), 

respectively. For each CC that may carry PUCCH, the maximum configured output 

power determined by the WTRU, Pcmax,c may be different for PUCCH and PUSCH for 

that CC. This may be useful in the case that multiple eNBs may receive the PUCCH 

transmission. The WTRU may determine a Pcmax_PUccH,c for a CC that may carry 

PUCCH separately from the Pcmax,c it determines for PUSCH. 

[0209] For example: 
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„ f.\ . KCMAX,C(0> r_ir> ^ 
^PUCCH,c VV _ mm ] T, DT , r( \ * ( T-A A / Z7i\ , Z'f [dBm] [-^O_PUCCH,C + PLe + h\nCQI,nHARQ;j+ AF PUCCH (i7) + ArxD(i7 ) + gc (*)J 

[0210] Another example: 

/.\ . J ^CMAX_PUCCH,c (0. I 
|^O_PUCCH,C + PLC + h(nCQj,nHARQ^ nSR )+ AF PUCCH (F) + ATxD(F ) + gc(z)J 

[0211] For the case in which the WTRU may transmit only PUSCH(s) in a CC, 

the PUSCH power equation may be: 

f-PCMAX,c(0> I Un„i 
^PTISCH c(0 = \ r dBm 

|l01ogio(MpusCH,c(0) + Pb_PUSCH,cO') + ac(j)-PLc + ATF,C(0 + fc( Oj 

[0212] For the case in which a WTRU may transmit a PUCCH in the same CC as 

a PUSCH, the PUSCH power computation may be modified to include a CC specific 

PUCCH power, for example: 

D Jl01oglo(iW(0- ̂ prccii.c0'))i | ,,Ri 
^PUSCHC0)= mmi > [dBm] 

|l 0 log10 (M PUSCH;C (0) + PUSCH, c (J) + ac (j) • PLC + ATFC (i) + fc (Oj 

Where: 
AUCCH,C(0 is the linear value of PVViiUJi) 

[0213] For the case in which a WTRU may transmit one or more simultaneous 

PUCCH in a subframe, and the total transmit power of the simultaneous PUCCH 

transmissions may exceed the WTRU configured maximum output power, PCMAX(i), the 

WTRU may scale the PUCCH powers PPUCCH,C(0 for example according to: 

' Pp\]CCH ,c (0 — ^CMAX (0 
c 

[0214] In some embodiments, the PUCCH transmissions may have different 

priorities. For example, PUCCH transmission to the PCell may have highest priority. In 

the event the PUCCHs have different priorities, the WTRU may allocate power to the 

PUCCHs in priority order, highest to lowest. If there are multiple low priority PUCCHs, 
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the WTRU may scale their power equally such that their sum does not exceed the 

power remaining after power has been allocated to the higher priority PUCCH(s). 

[0215] For example, if the PUCCH to the PCell has highest priority, the WTRU 

may allocate power to that PUCCH first. If there are additional PUCCH that have equal 

but lower priority, the WTRU may allocate the remaining power to those PUCCH 

equally. 

[0216] For example, for CC c other than the PCell, the WTRU may scale the 

PUCCH powers equally such that: 

PpiJCCH,Pcell (0 = min(A>(7Caf,PceZz(0' ̂ CMAX (')) 

• ^PUCCH,c (0^ PCMAX (0 Ppuccn ,Pceii (0 
c^Pcell 

[0217] If the WTRU is not able to transmit PUCCH to all cells to which it was 

supposed to transmit PUCCH, the WTRU may indicate this to one or more of the cells, 

such as the PCell. 

[0218] For embodiments in which the WTRU may transmit one or more PUSCH 

with UCI in a subframe, and the total transmit power of the WTRU when combining any 

PUCCH and PUSCH with UCI channels may exceed its configured maximum output 

power, PCMAX (0 , the WTRU may first allocate power to any PUCCH transmissions in 

that subframe and then allocate the remaining power to PUSCH with UCI transmissions. 

The WTRU may treat PUSCH with UCI transmissions equally or may prioritize the 

transmissions for example based on the cells on which they are transmitted. 

Transmissions to the PCell may have highest priority. 

[0219] For example, the WTRU may scale the PUSCH with UCI transmissions, 

^PUSCHW/UCI,C(0' according to. 

I>(0 • ^PUSCHw/UCI,c (0 — PCMAX (0 ^ ̂PUCCH,C (0 
c V c J 
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[0220] If there is no power remaining after allocating power to the PUCCH 

channels, the weights of all non-PUCCH channels may be set to zero. If PUSCH with 

UCI on the PCell has higher priority than other PUSCH with UCI transmissions, the 

remaining power after subtracting PUCCH power may first be allocated to the PUSCH 

with UCI on the PCell and then remaining power after that may be allocated to the other 

PUSCH with UCI and those PUSCH with UCI may be scaled equally. 

[0221] For example, for CC c other than the PCell, the WTRU may scale the 

PUSCH with UCI powers equally such that: 

W(0 • ^PUSCHW/UCI,C (0 — ^CMAX (0 ~~ ^^PUCCH,c (0 ~~ ^PUSCHwl UCI,Pcell (0 
c^Pcell \ c J 

[0222] Use of this equation assumes that it has already been determined that 

there is power remaining after allocation to any PUCCH channels and PUSCH with UCI 

on the PCell. If there is no power remaining after allocation to those channels, weights 

of all other channels may be set to zero. 

[0223] In some embodiments, both PUCCH and PUSCH with UCI on the PCell 

have higher priority than any PUCCH and PUSCH with UCI on any other cell. In this 

case, the WTRU may allocate the power to the PCell PUCCH first, then the PCell 

PUSCH with UCI, then the remaining PUCCH and then the remaining PUSCH with UCI. 

[0224] Terms in the equations may be zero if there are no corresponding 

transmissions in the subframe. 

[0225] For the case in which the WTRU may transmit PUSCH without UCI, and 

the total transmit power of the these and any PUCCH transmissions and any PUSCH 

w/UCI transmissions may exceed PCMAX (0, the WTRU may first allocate power to any 

PUCCH transmissions in that subframe and then allocate remaining power to any 

PUSCH with UCI transmissions and then allocate remaining power to any PUSCH w/o 

UCI transmissions. The WTRU may treat multiple PUSCH w/o UCI equally. The WTRU 

may scale PPUSCHWO/UCI,C(0 according to: 
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Mi) • ^PUSCHwo/UQ,c (0 — ^CMAX (0 ~~ ^ ̂PUCCH,c (0 ~~ ^ ̂PUSCHw/UCI,c (0 
c \ c c J 

[0226] Use of this equation assumes that it has already been determined that 

there is power remaining after allocation to any PUCCH channels and any PUSCH with 

UCI channels. If there is no power remaining after allocation to those channels, weights 

of all other channels may be set to zero. 

[0227] In the power scaling descriptions and example equations, Ppoweiaass may be 

substituted for PCMAX (0 . ancl any transmission that does not exist may be represented 

as zero, e.g., if there is no transmission of PUCCH in CC c, PFl]CCU c(i) =0. In other 

words, the summation over index c may be interpreted to mean only include the CCs c 

in the summation for which the channel in the summation exists. 

[0228] For embodiments in which the WTRU may simultaneously transmit in 

multiple bands or to multiple eNBs and the WTRU may transmit on at least 2 CCs in 

one band (or to one eNB) while at the same time transmitting on at least one CC in 

another band (or to another eNB), additional power scaling may be used. In this case, in 

addition to having a CC power limit, e.g., Pcmax,c, and a WTRU power limit, e.g., 

Pcmax, the WTRU may also have a per-band power limit and/or a per-eNB power limit. 

[0229] The WTRU may perform power control using one or more of the following 

steps for channels to be transmitted, which may or may not be in the following order as 

shown in FIG. 12: 

• At a block 1202, if there are any PUCCH to be transmitted compute 

PUCCH power for each individual CC taking into account the CC power 

limit, e.g., WTRU configured maximum output power, Pcmax,c, which may 

be the value for the CC or for the specific channel of the CC, and cap, 

e.g,. limit, the power to the maximum; 

• At a block 1204, compute the power for each PUSCH that will carry UCI 

for each individual CC taking into account the CC power limit, e.g., WTRU 
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configured maximum output power, Pcmax,c, which may be the value for 

the CC or for the specific channel of the CC, and any PUCCH power that 

may be required or already allocated on that CC. PUSCH carrying UCI 

may only be allocated power from any power remaining after power is 

allocated to the PUCCH on the CC; 

• At a block 1206, compute the power for each PUSCH that will not carrry 

UCI for each individual CC taking into account the CC power limit, e.g., 

WTRU configured maximum output power, Pcmax,c, which may be the 

value for the CC or for the specific channel of the CC, and any power that 

may be required or already allocated on that CC for PUCCH or PUSCH 

carrying UCI . PUSCH not carrying UCI may only be allocated power from 

any power remaining after power is allocated to the PUCCH and PUSCH 

carrying UCI on the CC; 

• For each band (not shown), compute or otherwise determine the sum of 

the powers for the channels in the same band of the same eNB or set of 

cells, which may already have been capped based on CC power limits, 

and if the maximum allowed power for that band for that eNB may be 

exceeded, scale or limit the power of the channels based on the channel 

priorities to not exceed said maximum allowed power. The maximum 

allowed power for that band may be a WTRU configured maximum output 

power which may take into account one or more of a band power limit or 

eNB power limit provided by the network, the WTRU powerclass, and 

allowed power reductions to enable the WTRU to meet requirements such 

as emissions and SAR; At a block 1208, for each eNB or set of cells, e.g., 

configured set of cells, compute or otherwise determine the sum of the 

powers for all channels to be transmitted to the same eNB or set of cells, 

which may have already been capped based on CC power limits and/or 

capped or scaled based on band limits, and if the maximum allowed 

power for that eNB or set of cells may be exceeded, scale or limit the 
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channels based on the channel priorities to not exceed said maximum 

allowed power. The maximum allowed power for an eNB or set of cells 

may be a WTRU configured maximum output power which may take into 

account one or more of a eNB power limit provided by the network, the 

WTRU powerclass, and allowed power reductions to enable the WTRU to 

meet requirements such as emissions and SAR. 

• At a block 1210, compute or otherwise determine the sum of the powers 

for all channels to be transmitted which may have already been capped 

based on CC power limits and/or capped or scaled based on band limits, 

eNB limits, or limits associated with a configured set of cells, and if the 

maximum allowed power for the WTRU may be exceeded, scale or limit 

the channels based on the channel priorities to not exceed said maximum 

allowed power. The maximum allowed power for a WTRU may be a 

WTRU configured maximum output power which may take into account 

one or more of a WTRU power limit provided by the network, the WTRU 

powerclass, and allowed power reductions to enable the WTRU to meet 

requirements such as emissions and SAR. 

[0230] In some embodiments, systems and methods may be used to determine a 

timing advance (TA) for a channel, e.g., PUCCH, that may be received or that may be 

intended to be received by multiple eNBs or cells. The WTRU may determine that TA 

that may reduce or minimize the maximum TA error. 

[0231] In one embodiment, multiple eNBs, i.e., one or more eNBs, may signal 

PUCCH TA commands to the WTRU, which may be distinct from other TA commands, 

and the WTRU may receive these PUCCH TA commands from at least one of the 

multiple eNBs and may adjust the timing advance of the PUCCH, which may be 

received by at least one of the multiple eNBs. 

[0232] To allow the channels, e.g., PUSCH and SRS, being received by one eNB 

to be unaffected by the TA to be used for PUCCH, in some embodiments the WTRU 
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may maintain separate UL timing for PUCCH. The WTRU may receive and apply TA 

separately to PUCCH and to other transmissions such as PUSCH and SRS. 

[0233] The approach of applying separate TA to PUCCH transmissions could 

alternatively be applied to PUSCH w/UCI instead of PUCCH, or in addition to PUCCH. 

[0234] Until an eNB has received a PUCCH transmission and can send a 

PUCCH TA command to the WTRU, the WTRU may assume that the PUCCH timing, 

e.g., the timing to use for PUCCH transmissions, is the same as PUSCH timing, e.g., 

the timing to use for PUSCH transmissions, for the site. 

[0235] As an alternative, the WTRU may use one TA for all channels it transmits 

on resources of the same cell, possibly with the UL timing needed for the PUCCH 

determining the UL timing to be used for all. 

[0236] The WTRU may receive PUCCH TA commands from multiple eNBs, 

possibly at different times. The WTRU may combine these TA commands into one 

PUCCH TA to be applied in order to optimally satisfy the timing needs of the eNBs that 

may receive the PUCCH transmission. eNBs that may receive the PUCCH transmission 

may refer to one or more of: 

• eNB of the PCell; 

• eNB of the cell on which PUCCH is being transmitted; 

• all or a subset of eNBs for which the WTRU has configured and possibly 

activated cells; and/or 

• eNBs for which the WTRU knows it will be transmitting information, such 

as A/N or CQI for one or more cells of that that eNB, possibly in that 

subframe. 

[0237] The criteria of optimality may be, for example, that the WTRU changes 

PUCCH timing such that, after the change is applied, the largest PUCCH timing error is 

minimized. This may, for example, be expressed as: 
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^PUCCH = ar§ min{max|r^B -Ak\} 

Ak EQ 

Where 

APUCCH is the amount of timing advance applied to the PUCCH, with respect to 

the current PUCCH timing, in response to the received set of N timing advance 

commands, for example from N eNBs, relative to current PUCCH timing, TAn, 

where n=0,1 ,,...,N-1. 

Q is the set of possible amounts that the WTRU could change the PUCCH 

timing, for example, integer multiples of 16 Ts. 

[0238] FIG. 5 illustrates five examples of TA commands received from a number 

of eNBs and depicted relative to the current PUCCH timing. These TA commands are 

shown as relative to current UL timing, but the principle may be applied to absolute TA 

commands, which are relative to the WTRU's DL timing, by converting them to being 

relative to the WTRU's current PUCCH timing. These are the TA commands received 

by the WTRU. In these examples, an arrow to the right indicates a positive TA 

command, an arrow to the left indicates a negative TA command, and the length of an 

arrow indicates the magnitude of the command. 

[0239] FIG. 5(a) shows commands from two eNBs for the same amount of TA, 

but in opposite directions. In this case, the WTRU does not need to make a PUCCH 

timing adjustment. 

[0240] FIG. 5(b) shows commands from five eNBs, four commands for the same 

amount of positive TA, and one for the same amount of negative TA. In this case, the 

WTRU does not need to make a PUCCH timing adjustment. 

[0241] FIG. 5(c) shows commands from two eNBs for the same TA in the same 

direction. In this case, the WTRU would change TA by the amount of the TA 

commands. 

[0242] FIG. 5(d) shows commands from two eNBs for different TA, the first being 

some amount of positive TA, e.g., +10 units, the second being twice that amount of 
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negative TA, e.g., -20 units. In this case, the WTRU applying negative TA of -5 units 

yields PUCCH tinning error of the two eNBs of +15 units for eNB 1 and -15 units for eNB 

2. Since applying a PUCCH tinning adjustment of any value other than -5 would yield at 

least one of the PUCCH timing errors as magnitude greater than 15, a TA of -5 would 

be the optimal adjustment to minimize the maximum error in this example. 

[0243] FIG. 5(e) shows commands from three eNBs for different TA, being in 

some amounts of positive TA, e.g., 40, 30, and 10 units, respectively. In this case, the 

WTRU applying a positive TA of +25 units yields a PUCCH timing error of the three 

eNBs of-15, -5, and +15, respectively. Since applying a PUCCH timing adjustment of 

any value other than +25 would yield at least one of the PUCCH timing errors as 

magnitude greater than 15, a TA of +25 units would be the optimal adjustment to 

minimize the maximum error in this example. 

[0244] In order to combine the TA commands from multiple eNBs for a particular 

subframe, the WTRU may need to determine the TA needed by each eNB for that 

subframe. The WTRU may accomplish this in one of a number of example ways. 

[0245] In one example, the WTRU may directly receive all the PUCCH TA 

commands simultaneously from all eNBs that may receive the PUCCH. This may be 

accomplished in one or more of the following ways: 

• all eNBs may be required to be provide their TA commands at the same 

time, for example in specific subframes; and/or 

• the WTRU may receive all of the PUCCH TA commands via signaling 

from one eNB or cell such as the PCell. That eNB or cell may receive the 

TA commands from the other eNBs over an X2 or X2-like interface. 

[0246] Based on the TA commands received in subframe N, the WTRU may 

change the PUCCH timing at some fixed time, e.g., at subframe N+6. The WTRU may 

change the timing in a manner that minimizes the maximum timing error for all eNBs 

that may receive the PUCCH. 
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[0247] In another example, the WTRU may receive TA commands from some or 

all eNBs at different times or at the same time but based on transmissions with different 

applied TA. In this case, the WTRU may adjust PUCCH timing at some fixed time after 

receipt of a TA request from at least one eNB in subframe N, e.g., at subframe N+6, 

based on actual received TA commands and inferred TA commands in subframe N. The 

WTRU may do one or more of the following: 

• the WTRU may infer on which previous PUCCH transmission a received 

TA command from an eNB is based; 

• the WTRU may infer a TA command received from an eNB was based 

upon a transmission with a previously applied TA; and/or 

• in a given subframe N, for a given eNB x, the WTRU may compute what 

eNB x would have signaled as a TA command had it based it upon the 

presently applied TA, and the WTRU may use that computed TA rather 

than the most recently received TA command from eNB x. The most 

recently received TA command may have been received in the current 

subframe N or a previous subframe. 

[0248] Based on the actual and inferred TA commands for subframe N, the 

WTRU may change the PUCCH timing at some fixed time, e.g., at subframe N+6 in a 

manner that minimizes the maximum timing error for all eNBs which may receive the 

PUCCH. 

[0249] In another example, a WTRU may receive, along with a TA command, an 

indication of the subframe on which the command is based. In this way, the WTRU may 

determine the actual total TA desired from the total TA of that subframe and the 

requested delta. The WTRU may assume the total TA desired does not change until a 

new command is received. 

[0250] As an alternative to the WTRU maintaining one PUCCH timing, the WTRU 

may maintain one separate PUCCH timing for each combination of eNBs, and apply 
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combination-specific PUCCH timing to PUCCH transmissions intended for reception by 

the eNBs of a particular combination. For example, if cells in four eNBs are configured, 

there are four ways or combinations of one eNB, six combinations of any two of the 

eNBs, four combinations of any three eNBs, and one way or combination of four eNBs, 

for a total of fifteen combinations. For the WTRU to update each combination's PUCCH 

timing based on TA commands from the various eNBs, the WTRU may need to know, 

for each received PUCCH TA command from a particular eNB, the particular prior 

PUCCH transmission upon which the command was based, such that the WTRU knows 

which combination's PUCCH timing the command is relative to. This could be based 

upon a specified time difference, e.g., TA commands are sent only in subframe N+k, 

where N is the subframe of a particular PUCCH transmission, and k is some specified 

or configured value. Alternatively, TA commands could include a subframe offset value, 

indicating the time difference between the PUCCH transmission and TA command. 

[0251] The WTRU may maintain separate PUCCH TA for each eNB. In 

embodiments in which PUCCH is transmitted on the resources of a cell of one eNB and 

may be received by multiple eNBs, but not simultaneously, for example, only one eNB is 

expected to receive the PUCCH in any given subframe, the WTRU may determine the 

timing advance for the PUCCH in that subframe based on TA commands of only that 

eNB instead of combining the TA commands from multiple eNBs. The WTRU may 

maintain a separate TA for each eNB and apply each eNB's TA in the subframes in 

which the transmission is intended for that eNB. FIG. 10 depicts an example of how this 

may be accomplished. For TA only, the steps relating to power control would not apply. 

[0252] In some embodiments, the WTRU may determine a timing advance (TA) 

for PUSCH that may be received or that may be intended to be received by multiple 

eNBs or cells. The scenario may be, for example, that the WTRU transmits a particular 

PUSCH, possibly PUSCH carrying UCI, on a specific cell and other cells and/or eNBs 

are expected to receive that PUSCH. One or more methods and procedures described 

herein for handling timing advance for PUCCH which may be transmitted to, intended 

for, or received by at least one of multiple cells or eNBs may be applied to a PUSCH 
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channel that may be transmitted to, intended for, or received by at least one of multiple 

cells or eNBs. 

[0253] In some embodiments, such as depicted in FIGS. 8 and 9, systems and 

methods may be used to determine timing advance (TA) for separate channels, such as 

PUCCH, that may be transmitted to each of multiple eNBs or cells. The separation may 

be by one or more of carrier frequency, resources, or time. 

[0254] Given a scenario in which only one eNB may be expected to receive the 

PUCCH in any given subframe, the WTRU may determine the timing advance for the 

PUCCH in that subframe based on the TA commands of only that eNB instead of 

combining the TA commands from multiple eNBs. For example, as described above, the 

WTRU may only send UCI intended for eNB1 in designated subframes such as even 

subframes and UCI intended for eNB2 in other designated subframes such as odd 

subframes. In each subframe, the WTRU may transmit PUCCH on a particular cell of 

one of the eNBs, e.g., the PCell, with UCI intended for one eNB, which may or may not 

be the eNB of the cell on which the PUCCH is transmitted, based on the subframes 

designated for each eNB. In a case such as this, but not limited to this case, the WTRU 

may maintain separate UL timing for each eNB for which the PUCCH may be intended. 

The WTRU may do one or more of the following: 

• Maintain one DL timing reference for the PUCCH, which may be based on 

the DL timing of one of the PCell, the cell on which the WTRU is 

transmitting PUCCH, or another cell possibly designated to the WTRU via 

signaling such as RRC signaling. 

• Maintain separate TA for each eNB, possibly for a designated cell of the 

eNB, possibly for the cell on which the WTRU may transmit PUCCH when 

PUCCH is intended for that eNB. 

• Use only the TA commands received from each eNB to update the TA for 

that eNB; the WTRU may maintain a TA accumulator for each eNB to 

accomplish this, TAENBXO)-

• Use the TA value for eNB x in any subframe it may transmit PUCCH 

intended for eNB x. 
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• In subframe i, when transmitting to eNB x, use the TA value for eNB x 

which includes TA commands for eNB x received through subframe i-k, 

where k may be 6. 

• Use the regular PCell PUSCH TA for the PUCCH TA when transmitting 

PUCCH intended for the PCell. 

• Upon receipt of an absolute TA, possibly in response to or as part of a 

RACH procedure, update the TA value for the corresponding eNB to be 

the value of the received absolute TA, possibly only for the eNB of the 

PCell or for the eNB of a cell on which the WTRU can send a RACH. 

• Autonomously determine an absolute TA for an eNB based on the time 

difference between a DL cell of that eNB and a reference DL cell such as 

the PCell and possibly set the TA for that eNB to that absolute TA. This 

determination may be made in accordance with at least one of the 

following: in response to a signaled request from an eNB, after the WTRU 

performs a RACH procedure on another cell such as the PCell, or for the 

first PUCCH transmission to that eNB after a certain event. This event 

may be activation of the DL SCell associated with the UL cell on which the 

PUCCH will be transmitted after configuration or reconfiguration or 

activation of the SCell after deactivation, possibly after deactivation for 

some period of time. 

[0255] In a subframe in which the WTRU may transmit PUCCH intended for one 

eNB or cell and that eNB or cell is not the same as the eNB or cell on which whose 

resources the WTRU is transmitting the PUCCH, and if the WTRU has PUSCH 

resources assigned (for example an UL grant) in that subframe for the eNB or cell on 

which whose resources the WTRU is transmitting the PUCCH, the WTRU may do one 

or more of the following: 

• The WTRU may adjust the timing and/or contents of the PUSCH 

transmission. 
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• The WTRU may adjust the timing of the PUSCH transmission to align with 

the PUCCH timing. 

• The WTRU may drop the PUSCH transmission (i.e., not transmit the 

PUSCH), possibly only if the UL timing of the PUCCH and the PUSCH 

differ by more than a threshold. 

[0256] The remedies described above may be used if the WTRU is unable to 

transmit PUCCH and PUSCH with different UL timing. 

[0257] When the WTRU may transmit PUCCH intended for different eNBs or 

cells on different frequencies and/or resources, for example, resources of different UL 

cells may be used, the WTRU may determine the TA for each PUCCH separately. 

[0258] In a case such as this, but not limited to this case, the WTRU may 

maintain separate UL timing for each cell on which the WTRU may transmit PUCCH, or 

possibly for each eNB for which there is a cell on which the WTRU may transmit 

PUCCH. 

[0259] The WTRU may determine TA for separate PUSCH that may be 

transmitted to each of multiple eNBs or cells, as depicted in FIGS. 8 and 9. The 

scenario may be, for example, that the WTRU transmits a separate PUSCH, possibly 

PUSCH carrying UCI, to each of one or more eNBs or cells. Separation may be by one 

or more of frequency, resources, and time. 

[0260] One or more methods and systems described herein for handling timing 

advance for PUCCH which may be transmitted to, intended for, or received by one or 

more eNBs or cells may be applied to a PUSCH channel that may be transmitted to, 

intended for, or received by one or more eNBs or cells. 

[0261] An eNB may signal, and a WTRU may receive, separate TA commands 

for PUCCH, in addition to other TA commands, which may still apply to PUSCH and 

SRS. This may be done by using the R field in the MAC CE to indicate a PUCCH TA 
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command, or by using a unique LCID to identify a separately signaled PUCCH TA 

command. 

[0262] There may be a separate TAT for the PUCCH, possibly for each PUCCH if 

the WTRU may transmit multiple PUCCH, possibly for each cell or eNB for which the 

WTRU may intend its PUCCH transmission. 

[0263] The value of timeAlignmentTimer may also be used for the PUCCH TAT, 

or a separate value may be signaled, possibly for each PUCCH, possibly for each cell 

or eNB for which the WTRU may intend its PUCCH transmission. 

[0264] WTRU behavior upon PUCCH TAT expiry may be one or more of the 

following. The WTRU may cease PUCCH transmissions for the PUCCH or PUCCHs 

associated with that TAT, possibly except for PUCCH on the PCell. The WTRU may 

cease PUCCH transmission intended for the cell(s) or eNB(s) associated with the TAT, 

possibly except for PUCCH on the PCell. The WTRU may send PUCCH to the PCell 

possibly based only on PCell timing. This may be done only if the regular TAT for the 

PCell has not also expired or if the WTRU has a PUCCH specific TA, the WTRU may 

use the regular PCell TA for the PUCCH transmission. The WTRU may send PUCCH to 

the PCell possibly based only on PCell PUCCH TA requirements. The WTRU may use 

PUSCH to send UCI. The WTRU may inform eNB via signaling, possibly on a PUSCH, 

possibly via RRC signaling or a MAC CE that a PUCCH TAT has expired. The eNB may 

be notified of which PUCCH TAT has expired. 

[0265] One purpose of power headroom reporting may be to enable the 

scheduler, which may or may not be part of an eNB, to make intelligent scheduling 

decisions when allocating UL resources for PUSCH transmission. It may therefore be 

useful for a scheduler, e.g., one in an eNB, that may allocate PUSCH resources to 

receive headroom reports and it may not be useful for a scheduler, e.g., one in an eNB, 

that has no control over PUSCH resource allocation to receive such reports. 

[0266] In accordance with various embodiments, such as depicted in FIGS. 7, 8 

and 9, when PUCCH and/or PUSCH transmission power may be affected by multiple 
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eNBs directly (e.g., by TPC commands) or indirectly (e.g., by the need to share the 

WTRU power among the transmissions to the different eNBs), the WTRU may send 

information to one or more eNBs, possibly in the PHR, regarding various effects which 

may be used by the scheduler(s) for scheduling decisions. Use of both the terms eNB 

and scheduler in certain embodiments is not intended to imply any limitation of meaning 

of these terms. Both are non-limiting examples, and each may have one or more of the 

meanings and/or may be replaced as previously described herein. For example, an eNB 

or scheduler may be known to the WTRU by a configured set of cells. 

[0267] One eNB may provide its headroom information received from the WTRU, 

for example its PHR, to another eNB, possibly via an X2 or X2-like interface, possibly 

including information on in what subframe the PHR was received or determined in the 

WTRU, and possibly including scheduling information providing, for example, what UL 

grants were signaled to the WTRU during the period the WTRU determined the PHR or 

what the resource allocation, e.g., number of RBs, was for the PHs in the PH report. 

[0268] In one example, more than one eNB, possibly all eNBs providing UL 

grants to the WTRU, may exchange PHR and scheduling information. This exchange of 

power control information may be coordinated in such a way that the information 

exchanged is relative to a common time period. This method enables each 

eNB/scheduler to properly determine the effects of scheduling from multiple sites. To 

facilitate this mechanism, the WTRU may coordinate PHR triggering in such a way that 

PHRs are determined and sent to each eNB or scheduler at the same time or the PHRs 

sent to the different eNBs or schedulers correspond to the same time whether or not 

they are sent or received at the same time. For example, a triggering event associated 

with a configured set of cells may result in providing PHR for more than one configured 

set of cells. 

[0269] Scheduling information may be, for example, in, e.g., reported as, a 

number of RBs that may, for a given WTRU, be a total number of RBs for all CCs for 

which a WTRU provided a real PUSCH PH or the number of RBs for each such CC or 
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certain group of CCs. This scheduling information transferred between eNBs may be 

used by each eNB to better estimate and track MPR effects. 

[0270] One eNB, for example, the PCell eNB or another eNB, may provide 

headroom information, for example, its PHR, for example for a certain WTRU or 

WTRUs that it has possibly adjusted or reformatted, to one or more other eNBs, such as 

the MeNB, possibly via an X2 orX2-like interface, possibly including information on in 

what subframe the PHR was received or determined in the WTRU, possibly including 

scheduling information. Example adjustments may include scaling the PH, possibly to 

indicate that a WTRU has less power available, which may result in a eNB scheduling 

less for that WTRU. 

[0271] One eNB, such as the MeNB, may provide headroom information that it 

received from one or more WTRUs or eNBs, which it has possibly adjusted or 

reformatted, to one or more other eNBs, possibly via an X2 or X2-like interface, possibly 

including information on the subframe in which the PHR was received or determined in 

the WTRU, and possibly including scheduling information. Example adjustments may 

include scaling the PH, possibly to indicate a WTRU has less power available, which 

may result in a eNB scheduling less for that WTRU. 

[0272] One eNB, for example, the PCell eNB or the MeNB, may request from one 

or more other eNBs, for example, over an X2 or X2-like interface, UL scheduling 

attributes, for example, for a reporting time or over a reporting interval in order to 

properly interpret PHR information received from the WTRU. 

[0273] Information and information exchange described herein as being part of 

PH and PHR may be part of any other information elements, messages, signaling, and 

procedures and would still be within the scope of the present disclosure. 

[0274] The WTRU may report PH simultaneously, e.g., in a PH report (PHR), for 

CCs or cells such as activated CCs or cells {e.g., all activated CCs or cells that may 

have configured UL). The WTRU may instead, or in addition, provide a PHR for CCs or 

cells (such as all activated CCs or cells that may have configured UL) assigned to a 
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given eNB or scheduler or belonging to a configured set of cells. The WTRU may 

include in a PHR at least one of an indication of the applicable eNB, scheduler, or 

configured set of cells, for each CC or cell or each group of CCs or cells or for the report 

itself. The WTRU may know which CCs or cells are assigned to a given eNB or 

scheduler by a configured set of CCs or cells that correspond to a particular eNB or 

scheduler. The simultaneous PHR may be separate PHRs to each eNB or scheduler 

where each PHR either includes just the set of cells associated with that eNB or 

scheduler, or all sets of configured cells corresponding to all active eNBs or schedulers. 

The WTRU may provide PH and PH reports as described herein for eNBs for one or 

more configured sets of cells with no knowledge of or need for association of a set of 

configured cells with an eNB or scheduler. 

[0275] The WTRU may include in a PHR at least one of an indication of the 

applicable eNB or scheduler for each CC or each group of CCs or for the report itself. 

This indication may be a unique identifier associated with the particular set of configured 

CCs or cells. 

[0276] For the case of separate maximum configured output power per set of 

cells or set of configured cells, e.g., all cells belonging to a given eNB, the WTRU may 

include in a PHR the value of said maximum configured output power, possibly for each 

corresponding cell, each set of configured cells or eNBs or schedulers for which PH is 

included in the report. The WTRU may include an indication in the PHR as to whether 

scaling was applied, e.g., for the subframe corresponding to the PHR, for an eNB or for 

the WTRU as whole, which may be for all eNBs or schedulers. 

[0277] The WTRU may include in a PHR a power headroom with respect to the 

maximum configured output power per set of cells or configured set of cells, e.g., 

belonging to an eNB, for one or more such sets of cells. The PH for a set of cells or eNB 

may be computed or otherwise determined, e.g., by the WRU, as the difference 

between the sum of the computed powers for all the channels, e.g., all the PUSCH and 

PUCCH channels, to be transmitted, for example in a certain subframe, to the cells 

belonging to the set of cells or eNB and the maximum configured output power for the 
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set of cells or eNB. The eNB may also or instead derive this headroom from other 

contents of the PHR such as the PH values for the cells, the Pcmax,c values, and the 

maximum configured output power for the set of cells or eNB. 

[0278] The WTRU may have a separate PHR prohibit timer for each eNB or 

scheduler, thus allowing a significant path loss change in a CC or cell of one eNB or 

scheduler to not prohibit the triggering of PHR due to significant path loss change in a 

cell associated with another eNB or scheduler. The WTRU may know the eNB or 

scheduler by a configured set of cells. For example, the WTRU may be configured with 

multiple sets of CCs or cells, each of which may correspond to a particular eNB or 

scheduler. Therefore, even though a prohibit timer associated with a eNB or scheduler 

is running PHR may be reported for these cells if a PH trigger occurs associated with 

another eNB or scheduler. The transmission of this PHR may only reset the prohibit 

timer associated with the eNB or scheduler for which the trigger occurred. 

[0279] A WTRU may include scheduling information in a PH report, for example 

for each CC or cell, or configured set of CCs that may belong to the same eNB or 

scheduler, for which the WTRU may have a PUSCH transmission in the subframe in 

which it transmits the PH report. Since scheduling information is intended to inform 

eNBs or schedulers of what other eNBs or schedulers have scheduled at the time of PH 

determination, it may be limited to scheduling information not associated with the eNB 

or scheduler for which the PHR is transmitted. For a CC or cell, the scheduling 

information may be the size of the UL grant or SPS allocation, for example, the number 

of RBs, or an indication representing an approximate number of RBs {e.g., an indication 

corresponding to the nearest one of a list of RB sizes such as 6, 15, 25, 50 75, 100, to 

the actual grant or allocation), so a smaller number of bits may be used to represent the 

size of the allocation in the transmitted PH report. Scheduling information corresponding 

to a set of configured CCs or cells may be the combined grants and allocations over all 

the CCs or cells in the set of configured CCs or cells, which may be the total number of 

RBs over all the CCs or cells in the set of configured CCs or cells. This may enable the 

eNB(s) or scheduler(s) receiving the report to have the information needed to 
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understand what the WTRU power situation may be and what transmission it may be 

based upon. 

[0280] A WTRU may transmit a PH report including one or more Type 1 PH 

and/or Type 2 PH in a given report. 

[0281] A WTRU may transmit a PHR containing PH and related parameters {e.g., 

at least one of Pcmax,c, real/virtual indication {e.g., V-bit), P-MPR domination indication 

{e.g., P-bit), activated CC indication (or indication of the CCs for which PH is included in 

the PHR), corresponding eNB indication, scheduling information, scaling indication(s) 

among others) for CCs corresponding to more than one eNB to, or intended for 

reception by, an eNB. 

[0282] If there is a WTRU configured maximum output power per eNB, the 

WTRU may include that in the PHR for each eNB for which a PH is being reported for at 

least one CC corresponding to that eNB. 

[0283] The WTRU may include an overall WTRU configured maximum output 

power, Pcmax in a PHR. 

[0284] A WTRU may transmit a PH report to or intended for reception by a 

certain eNB including the PH and related parameters (such as those described 

previously) corresponding to the CCs or cells {e.g., only the CCs or cells) which 

correspond to at least one of the certain eNB, another single eNB, or a group of eNBs 

which may be all the eNBs to which the WTRU may transmit or may be configured to 

transmit PUSCH and/or PUCCH, or a subset of those eNBs. The certain eNB may be or 

include a specific eNB such as the PCell eNB or the MeNB. The certain eNB may be 

any one of the eNBs, which may schedule or allocate PUSCH and/or PUCCH resources 

to that WTRU. The WTRU may transmit a PH report to one or more such certain eNBs 

simultaneously {e.g., in the same subframe) or at different times {e.g., different 

subframes). 
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[0285] In the case of power headroom for one PUCCH that may be received or 

that may be intended to be received by multiple eNBs or cells, a Type 2 power 

headroom may take into account PUSCH and PUCCH power for the subframe in which 

the PHR may be or is to be transmitted. The WTRU may report, possibly as part of the 

PHR, for a real PUCCH transmission, for transmission to what eNB or cell or eNBs or 

cells the PUCCH transmit power used in the headroom calculation was based upon. 

[0286] As an example, the report may indicate the specific eNB(s) or cells on 

which the power was based. For example, if the PUCCH may be or is transmitted on the 

resources of the PCell, but the PUCCH power may be or may have been driven by the 

requirements to reach another eNB, that other eNB may be indicated. 

[0287] As another example, the report may indicate, possibly with a bit, whether 

or not the power was based on the power needed for the cell on which the PUCCH was 

transmitted or for another eNB. For example, if the PUCCH is transmitted on the 

resources of the PCell, there may be an indication, possibly a bit, indicating whether the 

power was driven by the requirements for the PCell or the requirements to reach 

another eNB. The WTRU may report, possibly as part of the PHR, for which eNBs or 

cells the PUCCH was intended when computing the PH. 

[0288] As another example, the report may indicate for which eNBs or cells the 

PUCCH was intended as a list of eNBs or cells or possibly one of a set of scenarios, 

such as: only PCell, one or more eNBs or cells and not PCell, and/or PCell and one or 

more additional eNBs or cells. 

[0289] The applicable scenario may be indicated by the WTRU in one or two of 

the two reserved bits of the Type 2 Pcmax,c octet of the extended PHR MAC CE, for 

example. In one embodiment, the WTRU may include in the PHR, the power or the 

headroom for the PUCCH for each eNB that the WTRU may transmit to, possibly with 

an indication of which power or headroom is currently being used. For example, if the 

WTRU is transmitting PUCCH on the resources of the PCell and another eNB may 

receive the PUCCH, possibly even if the current transmission does not have information 
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intended for that eNB, the WTRU may provide two headroom values: one calculated 

based on the requirements for the PCell, and another calculated based on the 

requirements of the other eNB, for example, by using the path loss and TPC factor for 

that eNB. The WTRU may also indicate which of the headroom values applies in that 

report. For the case of virtual PUCCH in the report, both versions of the PH may be 

virtual. 

[0290] In some embodiments, a PUCCH may be received or may be intended to 

be received by one eNB or cell at a time. A WTRU may provide Type 1 PH for CCs 

such as activated CCs {e.g., all activated CCs which may have configured UL). A 

WTRU may provide Type 2 PH (or another PH such as Type 3 described herein) for any 

CC such as an activated CC, e.g., an activated CC with configured UL, that may 

transmit PUCCH at any time. A WTRU may provide, e.g., may only provide, Type 2 PH 

(or another PH such as Type 3) in a certain PHR for a CC on which PUCCH may be 

transmitted in the subframe in which the WTRU transmits the certain PHR. The WTRU 

may indicate in the PHR for which CC it is reporting Type 2 (or other) PH. Type 2 PH 

may only be provided if simultaneous PUSCH plus PUCCH may be configured for the 

WTRU and may be supported by the WTRU. 

[0291] If there is a WTRU configured maximum output power per eNB, the 

WTRU may include that in the PHR for each eNB, which may have activated CCs or 

activated CCs with configured UL. 

[0292] One or more of the methods and systems described for power headroom 

for one PUCCH that may be or may be intended to be received by multiple eNBs or 

cells may be applied to the case of one PUSCH that may be or may be intended to be 

received by multiple eNBs or cells. The applicable scenario may be indicated by the 

WTRU in one or two of the two reserved bits of the Type 1 Pcmax,c octet of the 

extended PHR MAC CE. 

[0293] For the case of simultaneous PUCCH and PUSCH on SCells, a WTRU 

may include a Type 2 PH in the PHR for SCells configured for such simultaneous 
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transmission. For the case of PUCCH-only transmitted to SCells, a new type of PHR, 

herein denoted as Type 3, may be transmitted by the WTRU for SCells. For the case of 

PUCCH transmitted, Type 3 PHR may be defined as 

P^type3 (0 — PCMAX,c (i) 101og10(P0 PUCCH c + PLc + h(nCQI,c ' nHARQ,c ' nSR,c ) Ap PUCCH,c (P)+A TxD,c (n+gM 

For the case of PUCCH not transmitted, e.g., virtual transmission, Type 3 PHR may be 

defined as 

PHtypes (0 = PCMAX,C (0 " 10 log10 (P„_PUCCH,C + PLc + Sc (0) 

where 
P0 PUCCH,c> AF PuccH,c(p),A&Ac(P'),gc(0 may be CC-specific values similar to or equivalent to 
the R10 parameters, and 

ncQi,c>nHARQ,onsR,c(0 may be the number of CQI, HARQ and SR bits being signaled in the 
specific CC. 

[0294] The WTRU may include Pcmax,c with Type 3 PHR, for example, for the 

case of real PUCCH transmission, in the manner of Release 10. 

[0295] In some embodiments in which a WTRU may transmit separate PUSCH 

channels that may be received by separate eNBs and those eNBs may schedule, e.g., 

by grant or allocation such as SPS allocation those PUSCHs, multiple eNBs {e.g., all of 

the eNBs, or all of the eNBs which may schedule PUSCH for that WTRU, or all the 

eNBs that may schedule PUSCH and/or allocate PUCCH resources for that WTRU) 

may need to have some understanding of the transmissions to the other eNBs to avoid 

over scheduling and under-scheduling. One or more of the embodiments previously or 

subsequently described herein for PH and/or PH reporting may be applied in this case. 

[0296] The WTRU may send PHR to each eNB directly, for example, since each 

may have resources for PUSCH transmission. The WTRU may send PHR, for example 

in a MAC-CE, to each eNB that may schedule UL PUSCH and/or may allocate PUCCH 

resources. The WTRU may send to each eNB PH {e.g., one or more of Typel, Type2, 
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and Type 3) and associated bits and parameters for the CCs associated with that eNB 

or for CCs associated with another one or more eNBs. 

[0297] The PHR may contain PH {e.g., one or more of Typel, Type2, and Type 

3) and related bits and parameters that may be at least one of CC-specific, WTRU-

specific, or eNB-specific. For CC-specific bits and parameters, the WTRU may include 

such bits and/or parameters for each CC for which PH or real PH is included in the 

PHR. Examples of CC-specific bits and parameters include real/virtual indication {e.g., 

V-bit), P-MPR domination indication {e.g., P-bit), Pcmax,c, and scheduling information. 

Examples of WTRU-specific bits and parameters include Pcmax, indication of activated 

CCs or CCs for which PH may be included in the report, scheduling information, scaling 

information, and indication of eNBs for which PH {e.g., PH for at least one of its 

associated CCs) may be included in the PHR. Examples of eNB-specific bits and 

parameters include scheduling information, scaling information, WTRU configured 

maximum output power for an eNB, which may be the eNB which may (or may be 

intended to) receive the PHR, for example in a MAC-CE, or for an eNB which may be 

an eNB for which the PHR includes a PH, a real PH, or a real PUSCH PH for at least 

one of its associated CCs. 

[0298] Bits, parameters, and values may be used interchangeably herein and still 

be consistent with this disclosure. 

[0299] The WTRU may provide PHR to one or more eNBs, such as the PCell 

eNB or MeNB, for cells controlled by or associated with other eNBs which may enable 

the eNB to detect available/used power for cells of other eNBs. 

[0300] In some embodiments, the WTRU may trigger PHR based on a difference, 

such as a big difference, or a change, such as a big change, in the difference between 

the PUCCH power needed for the cell on which the PUCCH is being transmitted, e.g., 

the PCell, and the PUCCH power needed for reception intended for, or for reception by, 

another eNB. A big difference or big change may mean a difference or change greater 

than a certain threshold. The WTRU may trigger {e.g., only trigger) the PHR if the 
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WTRU power for transmission of PUCCH is based on requirements of an eNB or cell 

other than the one on which the WTRU is transmitting the PUCCH. This may be 

applicable to the case of one PUCCH on resources of one cell, possibly to be received 

by multiple eNBs or cells or the case in which PUCCH transmission may switch from 

one cell to another which may belong to another eNB. 

[0301] In some embodiments, the WTRU may trigger PHR based on a big {e.g., 

greater than a certain threshold) difference or a big {e.g., greater than a certain 

threshold) change in the difference between the PUSCH power needed for the cell on 

which the PUSCH is being transmitted, e.g., the PCell, and the PUSCH power needed 

for reception intended for, or for reception by, another eNB. The WTRU may trigger, e.g, 

may only trigger, the PHR if the WTRU power for transmission of PUSCH is based on 

requirements of an eNB or cell other than the one on which the WTRU is transmitting 

the PUSCH. This may be applicable to the case of one PUSCH on resources of one 

cell, possibly to be received by multiple eNBs or cells. 

[0302] In some embodiments, the WTRU may trigger PHR based on a change on 

which eNB or cell's requirements the PUCCH or PUSCH power is based. The WTRU 

may trigger PHR only if it changes from or to the eNB or cell on whose resources the 

PUCCH or PUSCH is being transmitted, possibly only if the PUCCH or PUSCH power 

changes by more than a threshold. 

[0303] As described above, in a scenario in which a WTRU transmits separate 

PUSCH channels to each of multiple eNBs and those eNBs may schedule, e.g., by 

grant or allocation such as SRS allocation, those PUSCHs, the WTRU may send PHR, 

for example in a MAC-CE, to each eNB that may schedule UL PUSCH. In some 

embodiments, each eNB or scheduler may have complete PH information. Even though 

a trigger may be associated with a set of configured cells corresponding to a particular 

eNB or scheduler, the report or reports may include PH information associated with 

other eNBs or schedulers. For example, a PH report may include information for all 

configured sets of cells corresponding to all eNBs or schedulers. Further, a trigger for a 
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PH report associated with one set of configured cells associated with a particular eNB 

or scheduler may also trigger PH reports to other eNBs or schedulers. 

[0304] In some embodiments, a WTRU may maintain separate triggers and 

possibly prohibit timers for the eNBs or cells. A WTRU may trigger sending PHR to an 

eNB, eNB x, according to at least one of the following. A WTRU may trigger sending 

PHR when a trigger condition is met, for example, for path loss change or P-MPR 

change or activation, for a cell of eNB x, and eNB x has a cell with UL resources for new 

transmission. In this case, PHR may be triggered to send PHR to eNB x. The trigger 

associated with a cell of one eNB x may also result in sending PHR to other or all eNBs. 

A WTRU may trigger sending PHR when comparing whether thresholds have been 

crossed or other criteria have been met that would warrant triggering PHR. The starting 

point for the comparison for a trigger corresponding to a cell associated with eNB x may 

be relative to when the last PHR, e.g., the last PHR that included PH for that cell, was 

sent to eNB x or when the last real PHR, e.g., the last PHR that included a real PH for 

that cell, for example in the case of P-MPR trigger, was sent to eNB x. A WTRU may 

trigger sending PHR when a trigger condition is met for any cell, for example, for path 

loss change or P-MPR change or activation, and there is any cell with UL resources for 

new transmission. In this case, PHR may be triggered to send PHR to any eNB which 

has a cell with UL resources for new transmission. For an eNB that does not have UL 

resources for new transmission, the PHR may be triggered in a subsequent, such as the 

next, subframe (or TTI) in which that eNB does have UL resources for new 

transmission. For these cases, a cell corresponding to eNB x may be known to the 

WTRU by a configured set of cells. 

[0305] In some embodiments, a WTRU may send, e.g., only send, PHR to one 

eNB, for example the PCell eNB, the MeNB, or other designated eNB, which may 

change from time to time. A WTRU may trigger sending PHR to an eNB, eNB x, 

according to at least one of the following. A WTRU may trigger sending PHR when a 

trigger condition is met, for example for path loss change or P-MPR change or 

activation, for a cell, such as any activated cell with configured UL, and eNB x has a cell 
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with UL resources for new transmission. In this scenario, PHR may be triggered to send 

PHR to eNB x. A WTRU may trigger sending PHR when comparing whether thresholds 

have been crossed or other criteria have been met that would warrant triggering PHR. 

The starting point for the comparison may be when the last PHR was sent to eNB x or 

when the last real PHR, for example in the case of P-MPR trigger, was sent to eNB x. 

[0306] Other criteria, for example, per R10 requirements, may need to be met in 

order to trigger PHR. These criteria may be included in the trigger condition being met in 

some embodiments. 

[0307] The MeNB may receive PHR from the WTRU. For each CC, the MeNB 

may provide available WTRU transmit power, possibly PHR, possibly after adjustment, 

to the eNB controlling the CC, possibly over an X2 or X2-like interface to that eNB. 

Example adjustments may include scaling the PH, possibly to indicate a WTRU has less 

power available, which may result in a eNB scheduling less for that WTRU. 

[0308] FIG. 11 provides an example of a multi-eNB scenario in which a WTRU 

1102 may communicate with one or more cells associated with each of two eNBs. 

These eNBs may be or may include schedulers that may independently schedule the 

WTRU for UL transmissions, which may result in the WTRU transmitting to the two 

eNBs simultaneously. One of the eNBs may be a MeNB that may distribute the power 

available for the WTRU's UL transmissions to each of the two eNBs. 

[0309] In this example, eNB2 may inform the MeNB of its power needs for the 

WTRU and the MeNB may provide it with power management information such as the 

maximum power the WTRU may transmit to eNB2 or the maximum PUSCH grant size 

across the cells of eNB2. 

[0310] MeNB may receive PH reports from the WTRU, which may provide PH 

and associated parameters for its transmission to eNB1 only or to both eNB1 and eNB2. 

eNB2 may also receive PH reports from the WTRU which may provide PH and 

associated parameters for its transmission to eNB2 only or to both eNB1 and eNB2. 

The parameters associated with PH may include any of those previously described 
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herein such as Pcmax,c, real/virtual indication, P-MPR domination indication, activated 

CC indication, scheduling information, among others. 

[0311] MeNB may provide PC parameters, such as the max power per CC or per 

eNB to the WTRU for eNB1 only or for both eNB1 and eNB2. eNB2 may, in addition or 

instead, provide the WTRU with some or all of the PC parameters related to 

transmission to eNB2. 

[0312] Each eNB may provide the WTRU with scheduling {e.g., by grant or 

allocation) for UL transmission to that eNB. 

[0313] In this example, UCI that is intended for each eNB may be transmitted by 

the WTRU on UL resources of that eNB. In another example, the WTRU may transmit 

all the UCI to one eNB, such as the MeNB, and that eNB may relay the UCI to the other 

eNB. 

[0314] In another example, MeNB may be a separate entity from eNB1 and 

eNB2. eNB1 and/or eNB2 may provide PH reports and/or power needs to the MeNB 

and the MeNB may provide power management information to each of the eNBs. 

[0315] In various methods and systems described herein, there may be times 

when a WTRU may determine the transmission power of a channel that may be or may 

be intended to be received by multiple eNBs based on the requirements of a particular 

eNB, eNB x, where eNB x may be the eNB requiring the most power for successful 

reception. This eNB may be referred to as the eNB driving the power or the driving eNB. 

In some embodiments, the WTRU may identify to one or more eNBs which eNB is 

driving the power. The WTRU may accomplish this via RRC, MAC, e.g., in PHR, or 

physical layer signaling. 

[0316] For example, when a WTRU may choose to apply TPC from eNB x to 

drive transmission power, the WTRU may identify the chosen {e.g., driving) eNB x to 

one or more eNB's by RRC, MAC, e.g., in PHR, or physical layer signaling. 
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[0317] In various embodiments, an eNB, for example the PCell eNB or MeNB 

that may receive this information may provide it to one or more other eNBs, possibly via 

an X2 or X2-like interface. 

[0318] In various embodiments, the WTRU may identify the driving eNB to one 

eNB such as the PCell eNB or the MeNB, and that eNB may provide the information to 

one or more other eNBs. 

[0319] This signaling may be useful to the non-driving eNBs to enable them to be 

aware that they may not or do not have control of the power and/or to know which eNB 

is or may be in control. This may enable eNBs to control interference in their own cells. 

Interference may be controlled by disallowing eNBs driving the power too high from 

continuing to do so, for example, by deactivating those cells which may require high 

power such as power greater than a threshold or power greater than some threshold 

more than that needed by one or more other cells or eNBs. 

[0320] A WTRU may be requested to stop accumulating TPC commands from 

certain eNBs. This request may be via RRC, MAC, or physical layer signaling. In 

response, the WTRU may ignore TPC commands from the designated eNB or eNBs. 
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CLAIMS 

1. A method, comprising: 

determining, by a wireless transmit/receive unit (WTRU) for a channel, a 

respective transmit power control (TPC) factor for each scheduler of a plurality of 

schedulers, wherein the TPC factor for a particular scheduler is based on a TPC 

command received from the particular scheduler in response to a previous 

transmission; and 

determining channel power, based on the respective TPC factor, when 

transmitting the channel to the respective scheduler. 

2. The method of claim 1, further comprising updating the TPC factor for a 

scheduler according to a PUCCH power control rule. 

3. The method of claim 1, further comprising updating the TPC factor for the 

particular scheduler for a subframe as a function of a TPC command received from the 

particular scheduler for an earlier subframe. 

4. The method of claim 1, further comprising scaling a transmit power for at 

least one of a physical uplink control channel (PUCCH) and a physical uplink shared 

channel (PUSCH). 

5. The method of claim 4, wherein the transmit power is scaled as a function 

of a priority of the PUCCH or PUSCH. 

6. A method, comprising: 

determining, by a first scheduler, a first maximum power value for a first set of 

cells configured for a wireless transmit/receive unit (WTRU); and 

determining, by the first scheduler, a second maximum power value for a second 

set of cells configured for the WTRU, 

wherein the first set of configured cells is associated with the first scheduler, and 

wherein the second set of cells is associated with a second scheduler. 
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7. The method of claim 6, further comprising receiving an uplink (UL) 

scheduling attribute from a second scheduler. 

8. The method of claim 6, further comprising signaling the second maximum 

power value to the second scheduler. 

9. The method of claim 8, further comprising receiving a request from the 

second scheduler, the request requesting any of an increase or decrease of the second 

maximum power value. 

10. The method of claim 6, further comprising signaling the first and second 

maximum power values to the WTRU. 

11. The method of claim 10, wherein the signaling comprises signaling such 

that the WTRU calculates transmit power for the first set of cells and if the calculated 

transmit power exceeds the first maximum power value, the WTRU adjusts the transmit 

power to not exceed the first maximum power value. 

12. The method of claim 11, wherein the signaling comprises signaling such 

that the WTRU calculates transmit power for the second set of cells and if the calculated 

transmit power exceeds the second maximum power value, the WTRU adjusts the 

transmit power to not exceed the second maximum power value. 

13. A method, comprising: 

receiving, by a wireless transmit/receive unit (WTRU), a physical uplink control 

channel (PUCCH) timing advance (TA) command from each scheduler of a plurality of 

schedulers; 

for each scheduler of the plurality of schedulers, determining a respective 

PUCCH TA based on the PUCCH TA command received from the each scheduler; and 

for each scheduler of the plurality of schedulers, applying the determined 

PUCCH TA to a PUCCH transmitted to the each scheduler. 
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14. The method of claim 13, further comprising maintaining a downlink (DL) 

timing reference for the PUCCH. 

15. The method of claim 13, further comprising maintaining a TA accumulator 

for each scheduler of the plurality of schedulers. 

16. The method of claim 13, further comprising determining an absolute TA for 

at least one scheduler of the plurality of schedulers. 

17. The method of claim 13, further comprising adjusting a timing of a physical 

uplink shared channel (PUSCH) to align with a timing of the PUCCH. 

18. A method, for a wireless transmit/receive unit (WTRU), the method 

comprising: 

managing a first power headroom process for a first set of cells configured for a 

WTRU; and 

managing a second power headroom process for a second set of cells 

configured for the WTRU, 

wherein the first power headroom process is different than the second power 

headroom process, and wherein each power headroom process comprises a respective 

triggering procedure and reporting procedure. 

19. The method of claim 18, wherein the reporting procedure of the first power 

headroom process is based on the triggering procedure of the second power headroom 

process. 

20. The method of claim 18, wherein reporting for the first power headroom 

process includes scheduling information for the second set of cells. 

21. The method of claim 18, wherein reporting for the second power 

headroom process includes scheduling information for the first set of cells. 
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22. The method of claim 18, further comprising reporting power headroom 

information for the first set of configured cells and the second set of configured cells 

when processing a trigger associated with the first set of cells. 

23. The method of claim 18, wherein a report associated with the first power 

headroom process does not prohibit reporting associated with the second power 

headroom process. 

24. The method of claim 18, wherein a report associated with the first power 

headroom process comprises power headroom information for the first set of cells and 

the second set of cells. 

25. The method of claim 18, wherein triggering for the second power 

headroom process is independent of previous reporting for a second set of cells when 

the previous reporting was caused by a trigger associated with the first power headroom 

process. 

26. A method, comprising: 

determining, by a wireless transmit/receive unit (WTRU), a physical uplink control 

channel (PUCCH) transmit power for reception by a plurality of schedulers, wherein the 

transmit power is determined using at least one transmit power control (TPC) factor 

comprising a power control adjustment state; and 

transmitting the PUCCH with the determined transmit power using an uplink to 

the plurality of schedulers. 

27. A method comprising: 

determining, by a wireless transmit/receive unit (WTRU), a physical uplink control 

channel (PUCCH) timing advance for reception by a plurality of schedulers, wherein the 

timing advance is determined at least in part based on a timing advance to minimize a 

maximum timing advance error among the plurality of schedulers; and 

transmitting the PUCCH with timing in accordance with the determinedtiming 

advance using an uplink to the plurality of schedulers. 

-90-



WO 2013/025562 PCT/US2012/050465 

28. An apparatus comprising: 

a memory configured to store processor-executable instructions; and 

a processor in communication with the memory and configured to receive the 

processor-executable instructions from the memory and to execute the processor-

executable instructions to 

determine, by a wireless transmit/receive unit (WTRU) for a channel, a 

respective transmit power control (TPC) factor for each scheduler of a plurality of 

schedulers, wherein the TPC factor for a particular scheduler is based on a TPC 

command received from the particular scheduler in response to a previous 

transmission; and 

determine channel power, based on the respective TPC factor, when 

transmitting the channel to the respective scheduler. 

29. An apparatus comprising: 

a memory configured to store processor-executable instructions; and 

a processor in communication with the memory and configured to receive the 

processor-executable instructions from the memory and to execute the processor-

executable instructions to 

determine, by a first scheduler, a first maximum power value for a first set 

of cells configured for a wireless transmit/receive unit (WTRU); and 

determine, by the first scheduler, a second maximum power value for a 

second set of cells configured for the WTRU, 

wherein the first set of configured cells is associated with the first scheduler, and 

wherein the second set of cells is associated with a second scheduler. 
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