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Technical Field
The present disclosure relates generally to communication systems. More
specifically, the present disclosure relates to systems and methods for a physical uplink

control channel on a secondary cell.

Background Art

Wireless communication devices have become smaller and more powerful in order to
meet consumer needs and to improve portability and convenience. Consumers have
become dependent upon wireless communication devices and have come to expect
reliable service, expanded areas of coverage and increased functionality. A wireless
communication system may provide communication for a number of wireless commu-
nication devices, each of which may be serviced by a base station. A base station

may be a device that communicates with wireless communication devices.
Summary of Invention

Technical Problem

As wireless communication devices have advanced, improvements in communication
capacity, speed, flexibility, low complexity and efficiency have been sought. However,
improving communication capacity, speed, flexibility, low complexity and efficiency
may present certain problems.

For example, wireless communication devices may communicate with one or more
devices using multiple cells. However, the multiple cells may only offer limited
flexibility and efficiency. As illustrated by this discussion, systems and methods that

improve communication flexibility and efficiency may be beneficial.

Solution to Problem

According to the present invention, there is provided a method by a user equipment
(UE), comprising:receiving a RRC message including a first parameter related to a
maximum number of scheduling request transmission for a secondary cell; performing
a scheduling request procedure based on the first parameter; andtransmitting a
scheduling request on a Physical Uplink Control Channel (PUCCH) on the secondary
cell.

According to the present invention, there is provided a method by an evolved Node B
(eNB), comprising:transmitting a RRC message including a first parameter related to a
maximum number of scheduling request transmission for a secondary cell; an-

dreceiving a scheduling request on a Physical Uplink Control Channel (PUCCH)
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on the secondary cell, wherein a scheduling request procedure is performed based

on the first parameter.
According to the present invention, there is provided a user equipment (UE),

comprising:a processing circuitry configured and/or programmed to:receive a RRC
message including a first parameter related to a maximum number of scheduling
request transmission for a secondary cell;perform a scheduling request procedure based
on the first parameter; and transmit a scheduling request on a Physical Uplink Control
Channel (PUCCH) on the secondary cell.

According to the present invention, there is provided an evolved Node B (eNB),
comprising:a processing circuitry configured and/or programmed to:transmit a RRC
message including a first parameter related to a maximum number of scheduling
request transmission for a secondary cell;

and receive a scheduling request on a Physical Uplink Control Channel (PUCCH) on
the secondary cell, wherein a scheduling request procedure is performed based on the
first parameter .

Brief Description of Drawings

[fig.1]Figure 1 is a block diagram illustrating one configuration of one or more evolved
Node Bs (eNBs) and one or more user equipments (UEs) in which systems and
methods for a physical uplink control channel on a secondary cell may be im-
plemented;

[fig.2]Figure 2 is a flow diagram illustrating one implementation of a method for
performing a scheduling request procedure by a UE;

[fig.3]Figure 3 is a flow diagram illustrating one implementation of a method for
performing a scheduling request procedure by an eNB;

[fig.4]Figure 4a-d is diagrams illustrating examples for configuration of a scheduling
request on a Physical Uplink Control Channel (PUCCH) on a primary cell or a
secondary cell;

[fig.5]Figure 5 is a flow diagram illustrating one implementation of a method for
performing a scheduling request procedure related to activation/deactivation by a UE;
[fig.6]Figure 6 is a flow diagram illustrating another implementation of a method for
performing a scheduling request procedure related to activation/deactivation by an
eNB;

[fig.7]Figure 7 is a flow diagram illustrating one implementation of a method for
performing a PUCCH release procedure related to a scheduling request by a UE;
[fig.8]Figure 8 is a flow diagram illustrating one implementation of a method for
performing a PUCCH release procedure related to a scheduling request by an eNB;

[fig.9]Figure 9 is a flow diagram illustrating one implementation of a method 900 for
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setting SR prohibit timer for a scheduling request procedure by the UE;

[fig. 10] Figure 10 is a flow diagram illustrating one implementation of a method 1000

for setting SR prohibit timer for a scheduling request procedure by the eNB;

[fig. 1 IJFigure 11 illustrates various components that may be utilized in a UE;

[fig. 12]Figure 12 illustrates various components that may be utilized in an eNB.
Description of Embodiments

DETAILED DESCRIPTION

A method for by a user equipment (UE) is described. The method includes receiving a RRC
message including a first parameter related to a maximum number of scheduling request
transmission for a secondary cell, performing a scheduling request procedure based on  the
first parameter, and transmitting a scheduling request on a Physical Uplink Control Channel
(PUCCH) on the secondary cell. The RRC message further includes a second parameter
related to a maximum number of scheduling request transmission for a primary cell and the
scheduling request procedure is performed further based on the second parameter.

A method for by an envolved Node B (eNB) is described. The method includes transmitting a
RRC message including a first parameter related to a maximum number of scheduling request
transmission for a secondary cell, and receiving a scheduling request on a Physical

Uplink Control Channel (PUCCH) on the secondary cell, wherein a scheduling request
procedure is performed based on the first parameter. The RRC message further includes a
second parameter related to a maximum number of scheduling request transmission for a
primary cell and the scheduling request procedure is performed further based on the second
parameter.

A user equipment (UE) is described. The UE includes a processing circuitry. The processing
circuitry is configured and/or programmed to receive a RRC message including a first
parameter related to a maximum number of scheduling request transmission for a secondary
cell, perform a scheduling request procedure based on the first parameter, and transmit a
scheduling request on a Physical Uplink Control Channel (PUCCH) on the secondary cell.
The RRC message further includes a second parameter related to a maximum number of
scheduling request transmission for a primary cell and the scheduling request procedure is
performed further based on the second parameter.

An evolved Node B (eNB) is described. The eNB includes a processing circuitry is
configured and/or programmed to transmit a RRC message including a first parameter related
to a maximum number of scheduling request transmission for a secondary cell, and receive a
scheduling request on a Physical Uplink Control Channel (PUCCH) on the secondary cell,

wherein a scheduling request procedure is performed based on the
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first parameter. The RRC message further includes a second parameter related to a
maximum number of scheduling request transmission for a primary cell and the
scheduling request procedure is performed further based on the second parameter.

Another method by a user equipment (UE) is described. The method includes setting
a value related to the maximum number of scheduling request transmission based on
whether a secondary cell is activated, and instructing a physical layer of the UE to
signal a scheduling request (SR) on a Physical Uplink Control Channel (PUCCH)
based on whether scheduling request counter is less than the maximum number of
scheduling request transmission. The scheduling request counter is incremented in a
case that the scheduling request counter is less than the maximum number of
scheduling request transmission. The method may further include transmitting, to an
evolved Node B (eNB) the SR on either or both of the PUCCH on a primary cell and
the PUCCH on a secondary cell.

Another method by an evolved Node B (eNB) is described. The method includes
transmitting, to a user equipment (UE), an Activation/Deactivation Medium Access
Control (MAC) Control Element (CE), and receiving, from a user equipment (UE), a
scheduling request (SR) on a Physical Uplink Control Channel (PUCCH). The SR is
transmitted by the UE based on whether scheduling request counter is less than the
maximum number of scheduling request transmission and the scheduling request
counter is incremented in a case that the scheduling request counter is less than the
maximum number of scheduling request transmission and a value related to the
maximum number of scheduling request transmission is set based on whether a
secondary cell is activated. The SR may be transmitted on either or both of the PUCCH
on a primary cell and the PUCCH on a secondary cell.

Another user equipment (UE) is described. The UE includes a processing circuitry.
The processing circuitry is configured and/or programmed to set a value related to the
maximum number of scheduling request transmission based on whether a secondary
cell is activated, and instruct a physical layer of the UE to signal a scheduling request
(SR) on a Physical Uplink Control Channel (PUCCH) based on whether scheduling
request counter is less than the maximum number of scheduling request transmission.
The scheduling request counter is incremented in a case that the scheduling request
counter is less than the maximum number of scheduling request transmission. The
processing circuitry may further be configured and/or programmed to further transmit,
to an evolved Node B (eNB) the SR on either or both of the PUCCH on a primary cell
and the PUCCH on a secondary cell.

Another evolved Node B (eNB) is described. The eNB includes a processing
circuitry. The processing circuitry is configured and/or programmed to transmit an Ac-
tivation/Deactivation Medium Access Control (MAC) Control Element (CE), and
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receive, from a user equipment (UE), a scheduling request (SR) on a Physical Uplink
Control Channel (PUCCH). The SR is transmitted by the UE based on whether
scheduling request counter is less than the maximum number of scheduling request
transmission and the scheduling request counter is incremented in a case that the
scheduling request counter is less than the maximum number of scheduling request
transmission and a value related to the maximum number of scheduling request
transmission is set based on whether a secondary cell is activated. The SR may be
transmitted on either or both of the PUCCH on a primary cell and the PUCCH on a
secondary cell.

Yet another method by a user equipment (UE) is described. The method includes
receiving by a Radio Resource Control (RRC) entity of the UE, a Physical Uplink
Contrl Channel (PUCCH)/ Sounding Reference Signal (SRS) release request from a
lower layer of the UE, receiving by the RRC entity of the UE, a PUCCH release
request from a lower layer of the UE, applying a default physical channel configuration
for a scheduling request configuration for all serving cells, upon receiving the PUCCH/
SRS release request from the lower layer of the UE, and applying the default physical
channel configuration for a scheduling request configuration for a concerned secondary
cell, upon receiving the PUCCH release request from the lower layers of the UE. The
default physical channel configuration for the scheduling request configuration is a
release and the PUCCH release request is notified by a Medium Access Control
(MAC) entity of the UE in a case that a time alignment timer expires, the time
alignment timer is associated with a secondary timing advance group (STAG) and the
concerned secondary cell belongs to the sSTAG.

Yet another method by an evolved Node B (eNB) is described. The method includes
transmitting, to a user equipment (UE), a Timing Advance Command Medium Access
Control (MAC) Control Element (CE), and considering that the UE applies a default
physical channel configuration for a scheduling request configuration for all serving
cells, upon receiving the PUCCH/ SRS release request from the lower layer of the UE
and the UE applies the default physical channel configuration for a scheduling request
configuration for a concerned secondary cell, upon receiving the PUCCH release
request from the lower layers of the UE. The default physical channel configuration for
the scheduling request configuration is a release and the PUCCH release request is
notified, to the lower layer of the UE, by a Medium Access Control (MAC) entity of
the UE in a case that a time alignment timer expires, the time alignment timer is as-
sociated with a secondary timing advance group (STAG) and the concerned secondary
cell belongs to the sTAG.

Yet another user equipment (UE) is described. The UE includes a processing

circuitry. The processing circuitry is configured and/or programmed to receive by a
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Radio Resource Control (RRC) entity of the UE, a Physical Uplink Contrl Channel
(PUCCH)/ Sounding Reference Signal (SRS) release request from a lower layer of the
UE, receive by the RRC entity of the UE, a PUCCH release request from a lower layer
of the UE, apply a default physical channel configuration for a scheduling request con-
figuration for all serving cells, upon receiving the PUCCH/ SRS release request from
the lower layer of the UE, and apply the default physical channel configuration for a
scheduling request configuration for a concerned secondary cell, upon receiving the
PUCCH release request from the lower layers of the UE. The default physical channel
configuration for the scheduling request configuration is a release and the PUCCH
release request is notified by a Medium Access Control (MAC) entity of the UE in a
case that a time alignment timer expires, the time alignment timer is associated with a
secondary timing advance group (sTAG) and the concerned secondary cell belongs to
the sTAG..

Yet another evolved Node B (eNB) is described. The eNB includes a processing
circuitry. The processing circuitry is configured and/or programmed to transmit, to a
user equipment (UE), a Timing Advance Command Medium Access Control (MAC)
Control Element (CE), and consider that the UE applies a default physical channel con-
figuration for a scheduling request configuration for all serving cells, upon receiving
the PUCCHY/ SRS release request from the lower layer of the UE and the UE applies
the default physical channel configuration for a scheduling request configuration for a
concerned secondary cell, upon receiving the PUCCH release request from the lower
layers of the UE. The default physical channel configuration for the scheduling request
configuration is a release and the PUCCH release request is notified, to the lower layer
of the UE, by a Medium Access Control (MAC) entity of the UE in a case that a time
alignment timer expires, the time alignment timer is associated with a secondary
timing advance group (sTAG) and the concerned secondary cell belongs to the sSTAG.

Yet another method by a user equipment (UE) is described. The method includes
receiving, from an evolved Node B (eNB), a RRC message including a parameter
related to a SR periodicity for a secondary cell and a parameter related to a SR prohibit
timer, and setting the SR prohibit timer based on the SR periodicity for the secondary
cell.

Setting the SR prohibit timer may be further based on the SR periodicity for the
primary cell.

Yet another method by an evolved Node B (eNB) is described. The method includes
transmitting, to a user equipment (UE), a RRC message including a parameter related
to a SR periodicity for a secondary cell and a parameter related to a SR prohibit timer,
and considering that the UE sets the SR prohibit timer based on the SR periodicity for
the secondary cell. The method may further include considering that the UE sets the



WO 2016/157797 PCT/JP2016/001569

[0025]

[0026]

[0027]

[0028]

[0029]

SR prohibit timer based on the SR periodicity for the secondary cell and the SR pe-
riodicity for the primary cell.

Yet another user equipment (UE) is described. The UE includes a processing
circuitry. The processing circuitry is configured and/or programmed to receive, from
an evolved Node B (eNB), a RRC message including a parameter related to a SR pe-
riodicity for a secondary cell and a parameter related to a SR prohibit timer, and set the
SR prohibit timer based on the SR periodicity for the secondary cell. To set the SR
prohibit timer is further based on the SR periodicity for the primary cell.

Yet another evolved Node B (eNB) is described. The eNB includes a processing
circuitry. The processing circuitry is configured and/or programmed to transmit, to a
user equipment (UE), a RRC message including a parameter related to a SR periodicity
for a secondary cell and a parameter related to a SR prohibit timer, and consider that
the UE set the SR prohibit timer based on the SR periodicity for the secondary cell.
The processing circuitry may be further configured and/or programmed to consider
that the UE sets the SR prohibit timer based on the SR periodicity for the secondary
cell and the SR periodicity for the primary cell.

3GPP Long Term Evolution (LTE) is the name given to a project to improve the
Universal Mobile Telecommunications System (UMTS) mobile phone or device
standard to cope with future requirements. In one aspect, UMTS has been modified to
provide support and specification for the Evolved Universal Terrestrial Radio Access
(E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN).

At least some aspects of the systems and methods disclosed herein may be described
in relation to the 3GPP LTE, LTE-Advanced (LTE-A) and other standards (e.g., 3GPP
Releases (Rel-) 8, 9, 10, 11, 12 and/or 13). However, the scope of the present
disclosure should not be limited in this regard. At least some aspects of the systems
and methods disclosed herein may be utilized in other types of wireless communication
systems.

A wireless communication device may be an electronic device used to communicate
voice and/or data to a base station, which in turn may communicate with a network of
devices (e.g., public switched telephone network (PSTN), the Internet, etc.). In de-
scribing systems and methods herein, a wireless communication device may alter-
natively be referred to as a mobile station, a UE (User Equipment), an access terminal,
a subscriber station, a mobile terminal, a remote station, a user terminal, a terminal, a
subscriber unit, a mobile device, etc. Examples of wireless communication devices
include cellular phones, smart phones, personal digital assistants (PDAs), laptop
computers, netbooks, e-readers, wireless modems, etc. In 3GPP specifications, a
wireless communication device is typically referred to as a UE. However, as the scope
of the present disclosure should not be limited to the 3GPP standards, the terms “UE”
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and “wireless communication device” may be used interchangeably herein to mean the
more general term “wireless communication device.”

In 3GPP specifications, a base station is typically referred to as a Node B, an eNB, a
home enhanced or evolved Node B (HeNB) or some other similar terminology. As the
scope of the disclosure should not be limited to 3GPP standards, the terms “base
station,” “Node B,” “eNB,” and “HeNB” may be used interchangeably herein to mean
the more general term “base station.” Furthermore, one example of a “base station” is
an access point. An access point may be an electronic device that provides access to a
network (e.g., Local Area Network (LAN), the Internet, etc.) for wireless commu-
nication devices. The term “communication device” may be used to denote both a
wireless communication device and/or a base station.

It should be noted that as used herein, a “cell” may be any communication channel
that is specified by standardization or regulatory bodies to be used for International
Mobile Telecommunications-Advanced (IMT-Advanced) and all of it or a subset of it
may be adopted by 3GPP as licensed bands (e.g., frequency bands) to be used for com-
munication between an eNB and a UE. It should also be noted that in E-UTRA and E-
UTRAN overall description, as used herein, a “cell” may be defined as “combination
of downlink (DL) and optionally uplink (UL) resources.” The linking between the
carrier frequency of the downlink resources and the carrier frequency of the uplink
resources may be indicated in the system information transmitted on the downlink
resources.

“Configured cells” are those cells of which the UE is aware and is allowed by an
eNB to transmit or receive information. “Configured cell(s)” may be serving cell(s).
The UE may receive system information and perform the required measurements on
configured cells. “Configured cell(s)” for a radio connection may consist of a primary
cell and/or no, one, or more secondary cell(s). “Activated cells” are those configured
cells on which the UE is transmitting and receiving. That is, activated cells are those
cells for which the UE monitors the physical downlink control channel (PDCCH) and
in the case of a downlink transmission, those cells for which the UE decodes a physical
downlink shared channel (PDSCH). “Deactivated cells” are those configured cells that
the UE is not monitoring the transmission PDCCH. It should be noted that a “cell” may
be described in terms of differing dimensions. For example, a “cell” may have
temporal, spatial (e.g., geographical) and frequency characteristics.

The eNBs may also be connected by the S1 interface to the evolved packet core
(EPC). For instance, the eNBs may be connected to a mobility management entity
(MME) by the SI-MME interface and to the serving gateway (S-GW) by the S1-U
interface 433a. The S1 interface supports a many-to-many relation between MMEs,
serving gateways and the eNBs. The S1-MME interface is the S1 interface for the
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control plane and the S1-U interface is the S1 interface for the user plane. The Uu
interface is a radio interface between the UE and the eNB for the radio protocol of E-
UTRAN 435a.

The radio protocol architecture of E-UTRAN may include the user plane and the
control plane. The user plane protocol stack may include packet data convergence
protocol (PDCP), radio link control (RLC), medium access control (MAC) and
physical (PHY) layers. A DRB (Data Radio Bearer) is a radio bearer that carries user
data (as opposed to control plane signaling). For example, a DRB may be mapped to
the user plane protocol stack. The PDCP, RLC, MAC and PHY sublayers (terminated
at the eNB 460a on the network) may perform functions (e.g., header compression,
ciphering, scheduling, ARQ and HARQ) for the user plane. PDCP entities are located
in the PDCP sublayer. RLC entities are located in the RLC sublayer. MAC entities are
located in the MAC sublayer. The PHY entities are located in the PHY sublayer.

The control plane may include a control plane protocol stack. The PDCP sublayer
(terminated in eNB on the network side) may perform functions (e.g., ciphering and
integrity protection) for the control plane. The RLC and MAC sublayers (terminated in
eNB on the network side) may perform the same functions as for the user plane. The
Radio Resource Control (RRC) (terminated in eNB on the network side) may perform
the following functions. The RRC may perform broadcast functions, paging, RRC
connection management, radio bearer (RB) control, mobility functions, UE mea-
surement reporting and control. The Non-Access Stratum (NAS) control protocol
(terminated in MME on the network side) may perform, among other things, evolved
packet system (EPS) bearer management, authentication, evolved packet system
connection management (ECM)-IDLE mobility handling, paging origination in ECM-
IDLE and security control.

Signaling Radio Bearers (SRBs) are Radio Bearers (RB) that may be used only for
the transmission of RRC and NAS messages. Three SRBs are defined. SRBO may be
used for RRC messages using the common control channel (CCCH) logical channel.
SRB1 may be used for RRC messages (which may include a piggybacked NAS
message) as well as for NAS messages prior to the establishment of SRB2, all using
the dedicated control channel (DCCH) logical channel. SRB2 may be used for RRC
messages which include logged measurement information as well as for NAS
messages, all using the DCCH logical channel. SRB2 has a lower-priority than SRB1
and may be configured by E-UTRAN (e.g., eNB) after security activation. A broadcast
control channel (BCCH) logical channel may be used for broadcasting system in-
formation. Some of BCCH logical channel may convey system information which may
be sent from the E-UTRAN to the UE via BCH (Broadcast Channel) transport channel.

Some of BCCH logical channel may convey system information which may be sent
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from the E-UTRAN to the UE via DL-SCH (Downlink Shared Channel) transport
channel.

For example, the DL-DCCH logical channel may be used (but not limited to) for a
RRC connection reconfiguration message, a RRC connection reestablishment message,
a RRC connection release, a UE Capability Enquiry message, a DL Information
Transfer message or a Security Mode Command message. UL-DCCH logical channel
may be used (but not limited to) for a measurement report message, a RRC Connection
Reconfiguration Complete message, a RRC Connection Reestablishment Complete
message, a RRC Connection Setup Complete message, a Security Mode Complete
message, a Security Mode Failure message, a UE Capability Information, message, a
UL Handover Preparation Transfer message, a UL Information Transfer message, a
Counter Check Response message, a UE Information Response message, a Proximity
Indication message, a RN (Relay Node) Reconfiguration Complete message, an
MBMS Counting Response message, an inter Frequency RSTD Measurement In-
dication message, a UE Assistance Information message, an In-device Coexistence In-
dication message, an MBMS Interest Indication message, an SCG Failure Information
message. DL-CCCH logical channel may be used (but not limited to) for a RRC
Connection Reestablishment message, a RRC Connection Reestablishment Reject
message, a RRC Connection Reject message, or a RRC Connection Setup message.
UL-CCCH logical channel may be used (but not limited to) for a RRC Connection
Reestablishment Request message, or a RRC Connection Request message.

The UE may receive one or more RRC messages from the eNB to obtain RRC con-
figurations or parameters. The RRC layer of the UE may configure RRC layer and/or
lower layers (e.g., PHY layer, MAC layer, RLC layer, PDCP layer) of the UE
according to the RRC configurations or parameters which may be configured by the
RRC messages, broadcasted system information, and so on. The eNB may transmit one
or more RRC messages to the UE to cause the UE to configure RRC layer and/or lower
layers of the UE according to the RRC configurations or parameters which may be
configured by the RRC messages, broadcasted system information, and so on.

When carrier aggregation is configured, the UE may have one RRC connection with
the network. One radio interface may provide carrier aggregation. During RRC
connection establishment, re-establishment and handover, one serving cell may
provide Non-Access Stratum (NAS) mobility information (e.g., a tracking area identity
(TAD). During RRC connection re-establishment and handover, one serving cell may
provide a security input. This cell may be referred to as the primary cell (PCell). In the
downlink, the component carrier corresponding to the PCell may be the downlink
primary component carrier (DL PCC), while in the uplink it may be the uplink primary
component carrier (UL PCC).
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Depending on UE capabilities, one or more SCells may be configured to form
together with the PCell a set of serving cells. In the downlink, the component carrier
corresponding to an SCell may be a downlink secondary component carrier (DL SCC),
while in the uplink it may be an uplink secondary component carrier (UL SCC).

The configured set of serving cells for the UE, therefore, may consist of one PCell
and one or more SCells. For each SCell, the usage of uplink resources by the UE 102
(in addition to the downlink resources) may be configurable. The number of DL SCCs
configured may be larger than or equal to the number of UL SCCs and no SCell may
be configured for usage of uplink resources only.

From a UE viewpoint, each uplink resource may belong to one serving cell. The
number of serving cells that may be configured depends on the aggregation capability
of the UE. The PCell may only be changed using a handover procedure (e.g., with a
security key change and a random access procedure). A PCell may be used for
transmission of the PUCCH. A primary secondary cell (PSCell) may also be used for
transmission of the PUCCH. The PCell or PSCell may not be de-activated. Re-
establishment may be triggered when the PCell experiences radio link failure (RLF),
not when the SCells experience RLF. Furthermore, NAS information may be taken
from the PCell.

The reconfiguration, addition and removal of SCells may be performed by RRC. At
intra-L'TE handover, Radio Resource Control (RRC) layer may also add, remove or re-
configure SCells for usage with a target PCell. When adding a new SCell, dedicated
RRC signaling may be used for sending all required system information of the SCell
(e.g., while in connected mode, UEs need not acquire broadcasted system information
directly from the SCells).

The systems and methods described herein may enhance the efficient use of radio
resources in Carrier aggregation (CA) operation. Carrier aggregation refers to the
concurrent utilization of more than one component carrier (CC). In carrier aggregation,
more than one cell may be aggregated to a UE. In one example, carrier aggregation
may be used to increase the effective bandwidth available to a UE. In traditional carrier
aggregation, a single eNB is assumed to provide multiple serving cells for a UE. Even
in scenarios where two or more cells may be aggregated (e.g., a macro cell aggregated
with remote radio head (RRH) cells) the cells may be controlled (e.g., scheduled) by a
single eNB.

As has been recognized already, not all the CA aspects scale directly with an in-
creasing number of component carriers. As an example, if the number of CA capable
UEs and/or the aggregated CCs is increased, the cell used as a primary cell (PCell)
may be highly loaded. This may be because there are key features which are applied to
the PCell only, i.e. the Physical Uplink Control Channel (PUCCH) transmission. The
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increase in the number of supported component carriers may call for rather large
increase in the required PUCCH payload size per CA UE, which may create even more
severe impact on PCell uplink (UL) load with increasing number of CA UEs. Accom-
modating all the PUCCH transmissions in the PCell apparently may impact per-
formance, especially for the non-CA UEs. In this case, the PCell-change between the
macro cell and a small cell served by an RRH can distribute the PUCCH resources of
UEs in the network and hence can resolve the overload issue. However, this may
eliminate the benefit of installation of the small cell equipment like RRH in a simple
manner.

In Rel-12, Dual Connectivity (DC) was developed, in which the UE may be required
to be capable of UL-CA with simultaneous PUCCH/PUCCH and PUCCH/PUSCH
transmissions across cell-groups (CGs). In a small cell deployment scenario, each node
(e.g., eNB, RRH, etc.) may have its own independent scheduler. To maximize the ef-
ficiency of radio resources utilization of both nodes, a UE may connect to two or more
nodes that have different schedulers. A UE may be configured multiple groups of
serving cells, where each group may have carrier aggregation operation (e.g., if the
group includes more than one serving cell). A UE in RRC_CONNECTED may be
configured with Dual Connectivity, when configured with a Master and a Secondary
Cell Group. A Cell Group (CG) may be a subset of the serving cells of a UE,
configured with Dual Connectivity (DC), i.e. a Master Cell Group (MCG) or a
Secondary Cell Group (SCG). The Master Cell Group may be a group of serving cells
of a UE comprising of the PCell and zero or more secondary cells. The Secondary Cell
Group (SCG) may be a group of secondary cells of a UE, configured with DC,
comprising of the PSCell and zero or more other secondary cells. A Primary Secondary
Cell (PSCell) may be the SCG cell in which the UE is instructed to perform random
access when performing the SCG change procedure. In Dual Connectivity, two MAC
entities may be configured in the UE: one for the MCG and one for the SCG. Each
MAC entity may be configured by RRC with a serving cell supporting PUCCH
transmission and contention based Random Access. In a MAC layer, the term Special
Cell (SpCell) may refer to such cell, whereas the term SCell may refer to other serving
cells. The term SpCell either may refer to the PCell of the MCG or the PSCell of the
SCG depending on if the MAC entity is associated to the MCG or the SCG, re-
spectively. A Timing Advance Group (TAG) containing the SpCell of a MAC entity
may be referred to as primary TAG (pTAG), whereas the term secondary TAG (sTAG)
refers to other TAGs.

The MAC entity has a configurable timer (i.e., a time alignment timer
(timeAlignmentTimer)) per TAG. The timeAlignmentTimer is used to control how

long the MAC entity considers the Serving Cells belonging to the associated TAG to
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[0049]

[0050]

be uplink time aligned. The eNB may configure the UE with each value for the time
alignment timer for each TAG. The UE may receive a Timing Advance Command
MAC control element from a eNB. The Timing Advance Command MAC CE may
indicate a TAG and a Timing Advance Command. The Timing Advance Command
field in the Timing Advance Command MAC CE may indicate an index value T4 (0, 1,
2... 63) used to control the amount of timing adjustment that MAC entity has to apply.
The UE may apply the Timing Advance Command for an indicated TAG. The UE may
start or restart the timeAliggnmentTimer associated with the indicated TAG. In a case
that a timeAlignmentTimer expires and the timeAlignmentTimer is associated with the
pTAG, the UE may flush all HARQ buffers for all serving cells, may notify RRC to
release Physical Uplink Control Channel (PUCCH)/Sounding Reference Signal (SRS)
for all serving cells, may clear any configured downlink assignments and uplink grants,
and may consider all running timeAlignmentTimers as expired. In a case that a
timeAlignmentTimer expires and the timeAlignmentTimer is associated with an sTAG,
for all Serving Cells belonging to this TAG, the UE may flush all HARQ buffers, and
may notify RRC to release SRS.

The UE may receive an Activation/Deactivation Command MAC control element
from a eNB. The network (e.g., eNB) may activate and deactivate the SCell(s) by
sending the Activation/Deactivation MAC control element. The Activation/Deac-
tivation MAC control element may include a field Ci. If there is an SCell configured
with SCelllndex i, Ci field indicates the activation/deactivation status of the SCell with
SCelllndex i. The Ci field is set to "1" to indicate that the SCell with SCelllndex 1 is
activated. The Ci field is set to "0" to indicate that the SCell with SCelllndex iis de-
activated.

Under Rel-12 DC, the PUCCH on the secondary cell (SCell) for CA was supposed to
be introduced by reusing the PUCCH mechanism (e.g., PUCCH on PSCell) for DC as
much as possible, but the PUCCH on the secondary cell (SCell) for CA was not in-
troduced in Rel-12. PUCCH on SCell for CA can ease the burden in terms of PUCCH
considering an increase in the number of DL carriers that can be aggregated.

Under Rel-13 CA, the PUCCH on the SCell may be introduced. The UE may be
configured with a plurality of PUCCH groups. One MAC entity may be configured
with the plurality of the PUCCH groups. A PUCCH SCell may be an SCell that is
configured with PUCCH. A Primary PUCCH group (PPG) may be a group of serving
cells including SpCell whose PUCCH signaling is associated with the PUCCH on
SpCell. A Secondary PUCCH group (SPG) may be a group of SCells whose PUCCH
signaling is associated with the PUCCH on the PUCCH SCell. There may be no
contention based random access on the PUCCH SCell. PUCCH mapping of serving
cells may be configured by RRC. Activation/Deactivation may be supported for the
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PUCCH SCell. The SCell and The PUCCH SCell may not support radio link
monitoring though the SpCell may support radio link monitoring.

[0051]  The functions of the different MAC entities in the UE may operate independently if
not otherwise indicated. The timers and parameters used in each MAC entity may be
configured independently if not otherwise indicated. The Serving Cells, Cell-Radio
Network Temporary Identifier (RNTI) (C-RNTI), radio bearers, logical channels,
upper and lower layer entities, Logical Channel Groups (LCGs), and HARQ entities
considered by each MAC entity may refer to those mapped to that MAC entity if not
otherwise indicated.

[0052]  These MAC entities may handle the following transport channels:

- Broadcast Channel (BCH);

- Downlink Shared Channel(s) (DL-SCH);

- Paging Channel (PCH);

- Uplink Shared Channel(s) (UL-SCH);

- Random Access Channel(s) (RACH);

- Multicast Channel(s) (MCH). These MAC entities may use timers. A timer is
running once it is started, until it is stopped or until it expires; otherwise it is not
running. A timer can be started if it is not running or restarted if it is running. A timer
may be always started or restarted from its initial value.

[0053]  If the MAC entity is configured with one or more SCells, there may be multiple
Downlink Shared Channel(s) (DL-SCH) and there may be multiple Uplink Shared
Channel(s) (UL-SCH) and Random Access Channel(s) (RACH) per MAC entity; one
DL-SCH and UL-SCH on the SpCell, one DL-SCH, zero or one UL-SCH and zero or
one RACH for each SCell. A Transmission Time Interval (TTI) may be a subframe
(i.e, Ims).

[0054]  In one implementation of the MAC entity, a scheduling request procedure which is
summarized in Listing (1) may be performed if the MAC entity is not configured with
a SPG.

[0055]  The Scheduling Request (SR) may be used for requesting UL-SCH resources for new
transmission. When an SR is triggered, it may be considered as pending until it is
cancelled. All pending SR(s) may be cancelled and SR prohibit timer
(sr-ProhibitTimer) may be stopped when a MAC Protocol Data Unit (PDU) is
assembled and this PDU includes a Buffer Status Report (BSR) which contains buffer
status up to (and including) the last event that triggered a BSR, or when the UL

grant(s) can accommodate all pending data available for transmission.
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[0057]

i an SR is triggered and there is no other SR pending, the MAC entity may set the
ER_COUNTER o (.
As long as one SR iz pending, the MAC entity may for each TTE
- if pe UL-SCH resources gre available for 4 transmission in this TTE
= if the MAC entity has no valid PUCCH resource for SR configured in any TTL
initiate a Random Access procedure on the SpCell and cancel all peading SRs;
~ else if the MAC entity has a valid PUCCH resource for SR configured for this TTI
and if this TTIis not part of 2 measurement gap and if sr-Prohibit Timer is not running;
- iFSR_COUNTER <« dsr-Transhlax:
- inerement SR_COUNTER by 1;
- instruct the physical layer to signal the SR on PUCCH;

- start the se-ProhibitTimer

- else:
- notify RRC to release PUCCH/Sounding Reference Signal (SRS} for all
serving cells;

- clear any configured downlink assignments and uplink grants;
- initinte a Random Access procedure on the SpCell and cancel all pending
SRs.

Listing (1)

Various examples of the systems and methods disclosed herein are now described with
reference to the Figures, where like reference numbers may indicate functionally
similar elements. The systems and methods as generally described and illustrated in the
Figures herein could be arranged and designed in a wide variety of different imple-
mentations. Thus, the following more detailed description of several implementations,
as represented in the Figures, is not intended to limit scope, as claimed, but is merely
representative of the systems and methods.

Figure 1 is a block diagram illustrating one configuration of one or more evolved
Node Bs (eNBs) 160 and one or more user equipments (UEs) 102 in which systems
and methods for accommodating specific UEs may be implemented. The one or more
UEs 102 may communicate with one or more eNBs 160 using one or more antennas
122a-n. For example, a UE 102 transmits electromagnetic signals to the eNB 160 and
receives electromagnetic signals from the eNB 160 using the one or more antennas
122a-n. The eNB 160 communicates with the UE 102 using one or more antennas
180a-n.

It should be noted that in some configurations, one or more of the UEs 102 described

herein may be implemented in a single device. For example, multiple UEs 102 may be
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[0058]

[0059]

[0060]

[0061]

combined into a single device in some implementations. Additionally or alternatively,
in some configurations, one or more of the eNBs 160 described herein may be im-
plemented in a single device. For example, multiple eNBs 160 may be combined into a
single device in some implementations. In the context of Figure 1, for instance, a
single device may include one or more UEs 102 in accordance with the systems and
methods described herein. Additionally or alternatively, one or more eNBs 160 in ac-
cordance with the systems and methods described herein may be implemented as a
single device or multiple devices.

The UE 102 and the eNB 160 may use one or more channels 119, 121 to com-
municate with each other. For example, a UE 102 may transmit information or data to
the eNB 160 using one or more uplink channels 121 and signals. Examples of uplink
channels 121 include a physical random access channel (PRACH), a physical uplink
control channel (PUCCH) and a physical uplink shared channel (PUSCH), etc.
Examples of uplink signals include a demodulation reference signal (DMRS) and a
sounding reference signal (SRS), etc. The one or more eNBs 160 may also transmit in-
formation or data to the one or more UEs 102 using one or more downlink channels
119 and signals, for instance. Examples of downlink channels 119 include a PDCCH, a
PDSCH, an enhanced PDCCH (EPDCCH), etc. Examples of downlink signals include
a primary synchronization signal (PSS), a cell-specific reference signal (CRS), and a
channel state information (CSI) reference signal (CSI-RS), etc. Other kinds of channels
or signals may be used.

Each of the one or more UEs 102 may include one or more transceivers 118, one or
more demodulators 114, one or more decoders 108, one or more encoders 150, one or
more modulators 154, one or more data buffers 104 and one or more UE operations
modules 124. For example, one or more reception and/or transmission paths may be
implemented in the UE 102. For convenience, only a single transceiver 118, decoder
108, demodulator 114, encoder 150 and modulator 154 are illustrated in the UE 102,
though multiple parallel elements (e.g., transceivers 118, decoders 108, demodulators
114, encoders 150 and modulators 154) may be implemented.

The transceiver 118 may include one or more receivers 120 and one or more
transmitters 158. The one or more receivers 120 may receive signals from the eNB 160
using one or more antennas 122a-n. For example, the receiver 120 may receive and
downconvert signals to produce one or more received signals 116. The one or more
received signals 116 may be provided to a demodulator 114. The one or more
transmitters 158 may transmit signals to the eNB 160 using one or more antennas
122a-n. For example, the one or more transmitters 158 may upconvert and transmit one
or more modulated signals 156.

The demodulator 114 may demodulate the one or more received signals 116 to
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produce one or more demodulated signals 112. The one or more demodulated signals 112
may be provided to the decoder 108. The UE 102 may use the decoder 108 to decode signals.
The decoder 108 may produce one or more decoded signals 106, 110. For example, a first
UE-decoded signal 106 may comprise received pay load data, which may be stored in a data
buffer 104. A second UE-decoded signal 110 may comprise overhead data and/or control
data. For example, the second UE decoded signal 110 may provide data that may be used by
the UE operations module 124 to perform one or more operations.

As used herein, the term "module™ may mean that a particular element or component may be
implemented in hardware, software or a combination of hardware and software. However, it
should be noted that any element denoted as a "module” herein may alternatively be
implemented in hardware. For example, the UE operations module 124 may be implemented
in hardware, software or a combination of both.

In general, the UE operations module 124 may enable the UE 102 to communicate with the
one or more eNBs 160. The UE operations module 124 may include one or more of a UE
PUCCH resource control module 126, a UE scheduling request operation module 128, a UE
Time Alignment operation Module 129, and a UE Activation/Deactivation Module 130. In
some implementations, the UE operations module 124 may include physical (PHY) entities,
Medium Access Control (MAC) entities, Radio Link Control (RLC) entities, packet data
convergence protocol (PDCP) entities, and an Radio Resource Control (RRC) entity.

The UE operations module 124 may provide the benefit of performing a scheduling request
procedure efficiently. The UE PUCCH resource control module 126 may control PUCCH
Groups and PUCCH resources and control parameters in PUCCH resource configuration. The
UE scheduling request operation module 128 may perform a scheduling request procedure.
The UE Time Alignment operation module 129 may perform a time alignment procedure
including maintenance of uplink time alignment. The UE Activation/Deactivation module 130
may perform an Activation/Deactivation procedure.

The UE operations module 124 may provide information 148 to the one or more receivers
120. For example, the UE operations module 124 may inform the receiver(s) 120 when or
when not to receive transmissions based on the RRC message (e.g, broadcasted system
information, RRC connection reconfiguration message), MAC control element (CE), and/or
the DCI (Downlink Control Information).

The UE operations module 124 may provide information 138 to the demodulator 114. For
example, the UE operations module 124 may inform the demodulator 114 of a modulation

pattern anticipated for transmissions from the eNB 160.

[0067] The UE operations module 124 may provide information 136 to the decoder 108. For
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example, the UE operations module 124 may inform the decoder 108 of an anticipated
encoding for transmissions from the eNB 160.

The UE operations module 124 may provide information 142 to the encoder 150. The
information 142 may include data to be encoded and/or instructions for encoding. For
example, the UE operations module 124 may instruct the encoder 150 to encode
transmission data 146 and/or other information 142.

The encoder 150 may encode transmission data 146 and/or other information 142
provided by the UE operations module 124. For example, encoding the data 146 and/or
other information 142 may involve error detection and/or correction coding, mapping
data to space, time and/or frequency resources for transmission, multiplexing, etc. The
encoder 150 may provide encoded data 152 to the modulator 154.

The UE operations module 124 may provide information 144 to the modulator 154.
For example, the UE operations module 124 may inform the modulator 154 of a
modulation type (e.g., constellation mapping) to be used for transmissions to the eNB
160. The modulator 154 may modulate the encoded data 152 to provide one or more
modulated signals 156 to the one or more transmitters 158.

The UE operations module 124 may provide information 140 to the one or more
transmitters 158. This information 140 may include instructions for the one or more
transmitters 158. For example, the UE operations module 124 may instruct the one or
more transmitters 158 when to transmit a signal to the eNB 160. The one or more
transmitters 158 may upconvert and transmit the modulated signal(s) 156 to one or
more eNBs 160.

The eNB 160 may include one or more transceivers 176, one or more demodulators
172, one or more decoders 166, one or more encoders 109, one or more modulators
113, one or more data buffers 162 and one or more eNB operations modules 182. For
example, one or more reception and/or transmission paths may be implemented in an
eNB 160. For convenience, only a single transceiver 176, decoder 166, demodulator
172, encoder 109 and modulator 113 are illustrated in the eNB 160, though multiple
parallel elements (e.g., transceivers 176, decoders 166, demodulators 172, encoders
109 and modulators 113) may be implemented.

The transceiver 176 may include one or more receivers 178 and one or more
transmitters 117. The one or more receivers 178 may receive signals from the UE 102
using one or more antennas 180a-n. For example, the receiver 178 may receive and
downconvert signals to produce one or more received signals 174. The one or more
received signals 174 may be provided to a demodulator 172. The one or more
transmitters 117 may transmit signals to the UE 102 using one or more antennas
180a-n. For example, the one or more transmitters 117 may upconvert and transmit one

or more modulated signals 115.
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The demodulator 172 may demodulate the one or more received signals 174 to
produce one or more demodulated signals 170. The one or more demodulated signals
170 may be provided to the decoder 166. The eNB 160 may use the decoder 166 to
decode signals. The decoder 166 may produce one or more decoded signals 164, 168.
For example, a first eNB-decoded signal 164 may comprise received payload data,
which may be stored in a data buffer 162. A second eNB-decoded signal 168 may
comprise overhead data and/or control data. For example, the second eNB decoded
signal 168 may provide data (e.g., PUSCH transmission data) that may be used by the
eNB operations module 182 to perform one or more operations.

In general, the eNB operations module 182 may enable the eNB 160 to communicate
with the one or more UEs 102. The eNB operations module 182 may include one or
more of an eNB PUCCH resource control module 194, an eNB scheduling request
operation module 196, an eNB Time Alignment operation module 197, and an eNB
Activation/Deactivation module 198. The eNB operations module 182 may include
PHY entities, MAC entities, RLC entities, PDCP entities, and an RRC entity.

The eNB operations module 182 may provide the benefit of performing a scheduling
request procedure efficiently. The eNB PUCCH resource control module 194 may
control PUCCH Groups and PUCCH resources and control parameters in PUCCH
resource configuration. The eNB scheduling request operation module 196 may
perform a scheduling request procedure. The eNB Time Alignment operation module
197 may perform the time alignment procedure including maintenance of uplink time
alignment. The eNB Activation/Deactivation module 198 may perform an Activation/
Deactivation procedure.

The eNB operations module 182 may provide information 190 to the one or more
receivers 178. For example, the eNB operations module 182 may inform the
receiver(s) 178 when or when not to receive transmissions based on the RRC message
(e.g, broadcasted system information, RRC connection reconfiguration message),
MAC control element, and/or the DCI (Downlink Control Information).

The eNB operations module 182 may provide information 188 to the demodulator
172. For example, the eNB operations module 182 may inform the demodulator 172 of
a modulation pattern anticipated for transmissions from the UE(s) 102.

The eNB operations module 182 may provide information 186 to the decoder 166.
For example, the eNB operations module 182 may inform the decoder 166 of an an-
ticipated encoding for transmissions from the UE(s) 102.

The eNB operations module 182 may provide information 101 to the encoder 109.
The information 101 may include data to be encoded and/or instructions for encoding.
For example, the eNB operations module 182 may instruct the encoder 109 to encode

transmission data 105 and/or other information 101.
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In general, the eNB operations module 182 may enable the eNB 160 to communicate
with one or more network nodes (e.g., a mobility management entity (MME), serving
gateway (S-GW), eNBs). The eNB operations module 182 may also generate a RRC
connection reconfiguration message to be signaled to the UE 102.

The encoder 109 may encode transmission data 105 and/or other information 101
provided by the eNB operations module 182. For example, encoding the data 105 and/
or other information 101 may involve error detection and/or correction coding,
mapping data to space, time and/or frequency resources for transmission, multiplexing,
etc. The encoder 109 may provide encoded data 111 to the modulator 113. The
transmission data 105 may include network data to be relayed to the UE 102.

The eNB operations module 182 may provide information 103 to the modulator 113.
This information 103 may include instructions for the modulator 113. For example, the
eNB operations module 182 may inform the modulator 113 of a modulation type (e.g.,
constellation mapping) to be used for transmissions to the UE(s) 102. The modulator
113 may modulate the encoded data 111 to provide one or more modulated signals 115
to the one or more transmitters 117.

The eNB operations module 182 may provide information 192 to the one or more
transmitters 117. This information 192 may include instructions for the one or more
transmitters 117. For example, the eNB operations module 182 may instruct the one or
more transmitters 117 when to (or when not to) transmit a signal to the UE(s) 102. The
one or more transmitters 117 may upconvert and transmit the modulated signal(s) 115
to one or more UEs 102.

It should be noted that one or more of the elements or parts thereof included in the
eNB(s) 160 and UE(s) 102 may be implemented in hardware. For example, one or
more of these elements or parts thereof may be implemented as a chip, circuitry or
hardware components, etc. It should also be noted that one or more of the functions or
methods described herein may be implemented in and/or performed using hardware.
For example, one or more of the methods described herein may be implemented in
and/or realized using a chipset, an application-specific integrated circuit (ASIC), a
large-scale integrated circuit (LSI) or integrated circuit, etc.

Figure 2 is a flow diagram illustrating one implementation of a method 200 for
performing a scheduling request procedure by a UE 102.

The UE 102 may 202 receive one or more RRC messages from the eNB 160 to
configure one or more of PUCCH Cell Groups, the PUCCH SCell, and SR. The RRC
layer of the UE 102 may configure RRC layer and/or lower layers (e.g., PHY layer,
MAC layer, RLC layer, PDCP layer) of the UE 102 according to RRC configurations
which may be configured by the RRC messages, broadcasted system information, and

so on. For example, the UE 102 may 202 receive a RRC message including a first
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parameter (e.g., dsr-TransMax) related to a maximum number of scheduling request
transmission for a secondary cell. The UE 102 may 204 perform a scheduling request
procedure based on the first parameter.

The PHY layer of the UE 102 may be configured by higher layers (e.g., MAC layer,
RLC layer, PDCP layer, RRC layer) to 206 transmit the SR on one antenna port or two
antenna ports on a PUCCH on a primary cell and/or on a PUCCH on a secondary cell.
The scheduling request may be transmitted on the PUCCH resource(s)

H(l@ — ﬁih'ﬁ} e
'PUCCH PUCCH.SRI {p P

mapped to antenna port p as defined in 3GPP TS 36.211, where

(Lp)
""PUCCH,SRI
is configured by the higher layers unless the SR coincides in time with the
transmission of HARQ-ACK using PUCCH Format 3 in which case the SR is mul-
tiplexed with HARQ-ACK according to subclause 5.2.3.1 of 3GPP TS 36.212. The SR
configuration for SR transmission periodicity (may be referred as to SR periodicity)
SRperiopiciry and SR subframe offset Nogrser, SR may be defined in (1) (from Table
10.1.5-1 in 3GPP TS 36.213) by the parameter SR configuration index
(sr-Configlndex) Isg given by the higher layers.

SR transmission instances are the uplink subframes satisfying

(10, + 1, /2 |~ Nogsersr Jmod SRergiopiciry =0

ng is a System frame number as defined in 3GPP TS 36.211. n, is a Slot number
within a radio frame as defined in 3GPP TS 36.211.

SR configuration Index | SR periodicity (ms} | SR subirame offset
Lop ‘ SRyesomicrry Novesenan
w4 R g L
E_14 | 10 T -5
16«34 3 28 I -15
5 74 40 T35
75 = 154 ; 80 {m =78
156 156 5 2 fog -155
157 5 1 fm =157

Table (1) UB-specific SR pertodicity and subframe offset configuration

A dsr-TransMax information element (IE) may be a parameter which may be used in
a scheduling request procedure to specify the maximum number of scheduling request

transmission. The Scheduling Request Configuration (SchedulingRequestConfig) IE
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may be information element in RRC layer and may be used to specify the Scheduling
Request related parameters. The SchedulingRequestConfig IE may be configured for
the PCell or for the PSCell. In a case that an SCell is configured as the PUCCH SCell,
The SchedulingRequestConfig IE may be configured for the PUCCH SCell.

[0090]  The information element (IE) SchedulingRequestConfig is given below:

— ASMISTART

SchedulingReqguesiConfig = CHOICE {
release MULE,
sefup SEQUENCE {
st-PUCCH-Besourcelndex INTEGER (0. 2047,

se-Configlndex INTEGER {0..157),
dse-Transhiax ENUMERATED {
nd, 08 0l6 832, o4, spared, spared,
sparel}
¥
¥

SchedulingRequestConfig-v1020 == SEQUENCE {

sr-PUCCH-ResourcelndexP 1110 INTEGER {0.2047)
OPTIONAL ~HMeed OR

}

— ASHISTOFP

For dsr-TransMax IE: the value n4 may correspond to 4 transmissions, n8 cor-
responds to 8§ transmissions and so on. The sr-Configlndex IE is a parameter Isg. The
sr-PUCCH-Resourcelndex IE or the sr-PUCCH-ResourcelndexP1 IE is a parameter

(L.p)
PUCCHSRI
for antenna port PO and for antenna port P1 respectively. E-UTRAN (e.g., eNB)
configures sr-PUCCH-ResourcelndexP1 only if st-PUCCHResourcelndex is
configured. The schedulingRequestConfig IE may include dsr-TransMax, sr-
PUCCH-Resourcelndex, and sr-ConfigIndex. The schedulingRequestConfig-v1020 IE
may include sr-PUCCH-ResourcelndexP1.
[0091] A sr-ProhibitTimer IE may be used to specify expiration time of sr-ProfibitTimer.

The schedulingRequestConfig IE and/or schedulingRequestConfig-v1020 IE for the
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PCell may be included in a PhysicalConfigDedicated IE. The schedulingRe-
questConfig IE and/or schedulingRequestConfig-v1020 IE for the PSCell may be
included in a PhysicalConfigDedicatedPSCell-r12 IE. The schedulingRequestConfig
IE and/or schedulingRequestConfig-v1020 IE for the PUCCH SCell may be included
in physicalConfigDedicatedSCell-r10 IE. The UE 102 may receive or obtain those in-
formation elements from the eNB 160 by using a RRC connection reconfiguration
message, a RRC connection reestablishment message or a RRC connection setup
message.

The IE Physical Configuration Dedicated (PhysicalConfigDedicated), the IE Physical
Configuration Dedicated PSCell-Rel-12 (PhysicalConfigDedicatedPSCell-r12), and the
IE Physical Configuration Dedicated SCell-Rel-10
(physicalConfigDedicatedSCell-r10) may be used to specify the UE specific physical
channel configuration.

In one implementation of the MAC entity of the UE 102, a scheduling request
procedure which is summarized in Listing (2) may be performed 204.

The Scheduling Request (SR) may be used for requesting UL-SCH resources for new
transmission. When an SR is triggered, it may be considered as pending until it is
cancelled. All pending SR(s) may be cancelled and SR prohibit timer
(sr-ProhibitTimer) may be stopped when a MAC Protocol Data Unit (PDU) is
assembled and this PDU includes a Buffer Status Report (BSR) which contains buffer
status up to (and including) the last event that triggered a BSR, or when the UL

grant(s) can accommodate all pending data available for transmission.
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If an SR is triggeved snd there 1s no other SR pending, the MAU entity may set the
SR_COUNTER 10 0.
As long as one SR is pending, the MAC entity may for each TTL
- ifne UL-SCH resources are available for a tramsruission in this TTE
- if the MAC entity has no valid PUCCH resource for SR configured in any TTL
initiate 2 Random Access procedure on the SpCell and cancel all pending SRs;
- ¢lge if the MAC entity has a valid PUCCH respurce for SR configured for this TT1
andd if this TT1 is not part of a measwrement gap and if se-ProhibitTimer is not renning:
=l E 8- Transhax For the SpCell is confieured:
~___set the DSR_TRANSMAXSPCELL to dsr-TransMax for the SpCell,

otherwise (.

- if dsr-TransMax for the PUCCH 8Cell is configured and the PUCCH SCell
is agtivated:

- setthe DSR TRANSMAXSCELL to dse-TransMax for the PUCCH SCel
DSR_TRANSMAXNSCELL,
- ifSR_COUNTER <DSR_TRANSMAX:

= inerement SRE_COUNTER by 1;

- instruct the physical layer to signal the SR on PUCCH:

- start the se-ProhibitTimer,

- else:
notify RRC to release PUCCH/Sounding Reference Signal (SRS) for all

serving cells;

2

- clear any configured downlink assignments and uplink grants;
= initiate a Random Access procedure on the SpCell and cancel all pending
SRs.

Listing {2}

As long as one SR is pending, The MAC entity of the UE 102 may for each TTI,
determine 202 if no UL-SCH resources are available for a transmission in this TTI.
The MAC entity of the UE 102 may also determine 202 if the MAC entity has no valid
PUCCH resource for SR configured in any TTI. The MAC entity of the UE 102 may
also determine 202 if the MAC entity has a valid PUCCH resource for SR configured
for this TTI and if this TTI is not part of a measurement gap and if sr-ProhibitTimer is
not running. if no UL-SCH resources are available for a transmission in this TTI and if

the MAC entity has a valid PUCCH resource for SR configured for this TTI and if this
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TTI is not part of a measurement gap and if sr-ProhibitTimer is not running, the MAC
entity of the UE 102 may perform 203 the following steps.

If dsr-TransMax for the SpCell is configured, the MAC entity of the UE 102 may set
the DSR_TRANSMAXSPCELL to dsr-TransMax for the SpCell, otherwise 0. If dsr-
TransMax for the PUCCH SCell is configured and the PUCCH SCell is activated, the
MAC entity of the UE 102 may set the DSR_TRANSMAXSCELL to dsr-TransMax
for the PUCCH SCell, otherwise O.

The MAC entity of the UE 102 may 204 set the DSR_TRANSMAX to
DSR_TRANSMAXSPCELL + DSR_TRANSMAXSCELL. Therefore,
DSR_TRANSMAX may be an upper limit of the number of SR transmission and may
be adjusted based on dsr-TransMax for the PUCCH SCell.

SR_COUNTER may be a valuable which is incremented by 1 when the MAC entity
of the UE 102 may instruct the physical layer to signal the SR on PUCCH. The MAC
entity of the UE 102 may determine if the SR_COUNTER is less than the
DSR_TRANSMAX. In a case that the SR_COUNTER is less than the
DSR_TRANSMAX, the MAC entity of the UE 102 may increment SR_COUNTER by
1, may instruct the physical layer to signal the SR on PUCCH, and may start the sr-
ProhibitTimer. Otherwise, the MAC entity of the UE 102 may notify the RRC entity of
the UE 102 to release PUCCH/Sounding Reference Signal (SRS) for all serving cells,
may clear any configured downlink assignments and uplink grants, and may initiate a
Random Access procedure on the SpCell and cancel all pending SRs.

In another implementation for setting an upper limit of the number of SR
transmission, only one dsr-TransMax may be configured for the MAC entity of the UE
102. The eNB 160 set the dsr-TransMax to a sufficient value considering total number
of SR transmission both on the SpCell and on the PUCCH SCell. The MAC entity of
the UE 102 may determine if the SR_COUNTER is less than the dsr-TransMax. In a
case that the SR_COUNTER is less than the dsr-TransMax, the MAC entity of the UE
102 may increment SR_COUNTER by 1, may instruct the physical layer to signal the
SR on PUCCH, and may start the sr-ProhibitTimer. Otherwise, the MAC entity of the
UE 102 may notify the RRC entity of the UE 102 to release PUCCH/Sounding
Reference Signal (SRS) for all serving cells, may clear any configured downlink as-
signments and uplink grants, and may initiate a Random Access procedure on the
SpCell and cancel all pending SRs.

Figure 5 is a flow diagram illustrating one implementation of a method 500 for
performing a scheduling request procedure related to activation/deactivation by a UE
102. As describe in Figure 2, if dsr-TransMax for the PUCCH SCell is configured and
the PUCCH SCell is activated, the MAC entity of the UE 102 may 502 set the
DSR_TRANSMAXSCELL to dsr-TransMax for the PUCCH SCell, otherwise 0. In
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other words, the UE 102 may 502 set a value (e.g., DSR_TRANSMAX) related to the

maximum number of scheduling request transmission based on whether the secondary

cell is activated. In a case that the SR_COUNTER is less than the DSR. TRANSMAX,
the MAC entity of the UE 102 may increment SR_COUNTER by 1, may 504 instruct

the physical layer to signal the SR on PUCCH, and may start the sr-ProhibitTimer.

In one implementation, in a case that the PUCCH SCell is deactivated, the MAC
entity of the UE 102 may consider PUCCH resources for SR on the PUCCH SCell as
invalid. In a case that the PUCCH SCell is activated, the MAC entity of the UE 102
may apply normal SCell operation including making PUCCH resources for SR on the
PUCCH SCell valid. In another implementation, upon deactivation of the PUCCH
SCell, the MAC entity of the UE 102 may notify the RRC entity of the UE 102 to
release PUCCH for the PUCCH SCell. In these implementations, activation/deac-
tivation can control PUCCH resources efficiently.

In a case that the MAC entity receives an Activation/Deactivation MAC control
element in this TTT activating the SCell, the MAC entity may, in a TTI according to a
defined timing, activate the SCell. In a case that the MAC entity receives an Ac-
tivation/Deactivation MAC control element in this TTI deactivating the SCell or in a
case that an SCell Deactivation Timer (sCellDeactivationTimer) timer associated with
the activated SCell expires in this TTI, the UE 102 may deactivate the SCell in a TTI
according to a defined timing. The MAC entity of the UE 102 may maintain a sCellDe-
activationTimer timer per configured SCell and deactivate the associated SCell upon
its expiry. The MAC entity of the UE 102 may not use sCellDeactivationTimer timer
for the PUCCH SCell but other SCells only. The scheduling request procedure related
to activation/deactivation may provide benefits of flexibility of configuration of SR
configuration, and/or activation/deactivation procedure.

Figure 7 is a flow diagram illustrating one implementation of a method 700 for
performing a PUCCH release procedure related to a scheduling request. Upon
receiving a PUCCH/ SRS release request from lower layers (e.g, the MAC entity) of
the UE 102, the RRC entity of the UE 102 may apply the default physical channel con-
figuration for cqi-ReportConfig and release cqi-ReportConfigSCell, for each SCell that
is configured, if any. Upon receiving a PUCCH/ SRS release request from lower layers
(e.g, the MAC entity) of the UE 102, the RRC entity of the UE 102 may apply the
default physical channel configuration for soundingRS-UL-ConfigDedicated for all
serving cells. Upon receiving a PUCCH/ SRS release request from lower layers (e.g,
the MAC entity) of the UE 102, the RRC entity of the UE 102 may 702 apply the
default physical channel configuration for schedulingRequestConfig for all serving
cells. The default physical channel configuration for cqi-ReportConfig, for
soundingRS-UL-ConfigDedicated and for schedulingRequestConfig may be value
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“release” or value "N/A". “N/A” indicates that the UE 102 does not apply a specific
value. Upon receiving an SRS release request from lower layers, the RRC entity of the
UE 102 may apply the default physical channel configuration for soundingRS-
UL-ConfigDedicated for the cells of the concerned TAG. Upon receiving a PUCCH
release request from lower layers, the RRC entity of the UE 102 may 704 apply the
default physical channel configuration for schedulingRequestConfig for the concerned
PUCCH Sell or may release schedulingRequestConfig for the concerned PUCCH Sell.

The MAC entity of the UE 102 may receive a Timing Advance Command MAC
control element. The Timing Advance Command MAC CE may indicate a TAG and a
Timing Advance Command. The Timing Advance Command field in the Timing
Advance Command MAC CE may indicate an index value T, (0, 1, 2... 63) used to
control the amount of timing adjustment that MAC entity has to apply. The MAC
entity of the UE 102 may apply the Timing Advance Command for an indicated TAG.
The MAC entity of UE 102 may start or restart the timeAliggnmentTimer associated
with the indicated TAG. In a case that a timeAlignmentTimer expires and the
timeAlignmentTimer is associated with the pTAG, the MAC entity of the UE 102 may
flush all HARQ buffers for all serving cells, may notify RRC to release Physical
Uplink Control Channel (PUCCH)/Sounding Reference Signal (SRS) for all serving
cells, may clear any configured downlink assignments and uplink grants, and may
consider all running timeAlignmentTimers as expired. In a case that a timeAlign-
mentTimer expires and the timeAlignmentTimer is associated with an sTAG, for all
Serving Cells belonging to this TAG, the MAC entity of the UE 102 may flush all
HARQ buffers, may notify RRC to release SRS, and in a case that the PUCCH SCell
belongs to this TAG, may notify RRC to release PUCCH. Releasing SCell PUCCH SR
may provide benefits of flexibility of configuration of SR configuration, activation/
deactivation procedure, and/or time alignment timer setting.

Figure 9 is a flow diagram illustrating one implementation of a method 900 for
setting SR prohibit timer for a scheduling request procedure. The RRC entity of the UE
102 may receive 902, from the eNB 160, a RRC message including a parameter related
to a SR periodicity (i.e., sr-Configlndex) for a secondary cell and a parameter related
to a SR prohibit timer (i.e. sr-ProhibitTimer). The RRC entity of the UE 102 may 904
set the SR prohibit timer based on the SR periodicity for the secondary cell and may
apply the SR prohibit timer. The sr-Configlndex may specify a SR periodicity and a
SR subframe offset. The sr-Prohibit Timer may be a timer used for SR procedure. The
sr-Prohibit timer may be used to prohibit a SR transmission for a certain period. Value
0 means no timer for SR transmission on PUCCH is configured. Value 1 corresponds
to one SR period, Value 2 corresponds to 2*SR periods and so on. In a case that the SR

is configured for a PCell only, the SR period for determining a timer period may be a
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SR periodicity for the PCell. In a case that the SR is configured for a SCell only, the SR
period for determining a timer period may be a SR periodicity for the SCell. In a cast that the
SR is configured for a SCell and for a PCell, the SR period for determining a timer period
may be a SR periodicity with shorter (or shortest) period between the PCell and the SCell(s).
In other word, in a case that SR periodicity configured for the PCell is 8ms and SR periodicity
configured for the SCell is 4ms, then 4ms (i.e. shorter) SR periodicity is used for determining
the SR prohibit timer period. The UE 102 may sets the SR prohibit timer based on the SR
periodicity for the secondary cell and the SR periodicity for the primary cell. In another
example, in a case that the SR is configured for a SCell and for a PCell, the SR period for
determining a timer period may be a SR periodicity with longer (or longest) period between
the PCell and the SCell(s). In yet another example, in a case that the SR is configured for a
SCell and for a PCell, the SR period for determining a timer period may be a SR periodicity
for the PCell. In yet another example, in a case that the SR is configured for a SCell and for a
PCell, the SR period for determining a timer period may be a SR periodicity for the PCell.
Setting SR prohibit timer based on the SCell SR periodicity may provide benefits of
flexibility of configuration of SR prohibit timer and reduction of signaling overhead.

Figure 3 is a flow diagram illustrating one implementation of a method 300 for performing a
scheduling request procedure by an eNB 160. The eNB 160 may transmit one or more RRC
messages to the UE 102 to configure, for the UE 102, one or more of PUCCH Cell Groups,
the PUCCH SCell, and SR. The RRC layer of the eNB 160 may assume or consider that the
RRC layer of the UE 102 configures RRC layer and/or lower layers (e.g., PHY layer, MAC
layer, RLC layer, PDCP layer) of the UE 102 according to RRC configurations which may be
configured by the RRC messages, broadcasted system information, and so on. For example,
the eNB 160 may 302 transmit a RRC message including a first parameter (e.g., dsr-
TransMax) related to a maximum number of scheduling request transmission for a secondary
cell. The eNB 160 may 304 receive a scheduling request on a Physical Uplink Control
Channel (PUCCH) on the secondary cell, wherein a scheduling request procedure is
performed based on the first parameter.

A sr-ProhibitTimer IE, the SchedulingRequestConfig IE, schedulingRequestConfigvl020 IE,
PhysicalConfigDedicated IE, a PhysicalConfigDedicatedPSCell-rI2 IE,
physicalConfigDedicatedSCell-rlO IE, etc may be transmitted from the eNB 160 to the UE
102 by using a RRC connection reconfiguration message, a RRC connection reestablishment
message, a RRC connection setup message, etc. eNB 160 may configure UE 102 with dsr-
TransMax for the PUCCH SCell. Configuring dsr-TranMax for the PUCCH SCell
independently of the PCell may provide benefits of flexibility of
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configuration of upper limit of the number of SR transmission.

In one implementation of the MAC entity of the eNB 160, the eNB 160 may control
or manage a scheduling request procedure which is summarized in Listing (2) and may
be performed by the UE 102. The eNB 160 may assume or consider that the UE 102
performs the scheduling request procedure which is described in Figure 2, Figure 5,
and Figure 7. The eNB 160 may assume or consider that the UE 102 performs the de-
activation procedure which is described in Figure 2, Figure 5, and Figure 7. The eNB
160 may receive a SR on the PUCCH on the SpCell in a case that the eNB 160
configures UE with the SR on the PUCCH on the PCell or PSCell. The eNB 160 may
receive a SR on the PUCCH on the PUCCH SCell in a case that the eNB 160
configures UE with the SR on the PUCCH on the PUCCH SCell.

Figure 6 is a flow diagram illustrating one implementation of a method 600 for
performing a scheduling request procedure related to activation/deactivation by an
eNB 160. The eNB 160 may 602 transmit an Activation/Deactivation MAC control
element. The eNB 160 may 604 receive, from a user equipment (UE), a scheduling
request (SR) on a Physical Uplink Control Channel (PUCCH), wherein the SR may be
transmitted by the UE based on whether scheduling request counter is less than the
maximum number of scheduling request transmission. The scheduling request counter
may be incremented in a case that the scheduling request counter is less than the
maximum number of scheduling request transmission. A value related to the maximum
number of scheduling request transmission may be set based on whether a secondary
cell is activated. The scheduling request procedure related to activation/deactivation
may provide benefits of flexibility of configuration of SR configuration, and/or ac-
tivation/deactivation procedure.

Figure 8 is a flow diagram illustrating one implementation of a method 600 for
performing a PUCCH release procedure related to a scheduling request by an eNB 160.
The eNB 160 may 802 transmit a Timing Advance Command MAC control element.
The eNB 160 may consider that the UE applies a default physical channel con-
figuration for a scheduling request configuration for all serving cells, upon receiving
the PUCCHY/ SRS release request from the lower layer of the UE. eNB may 804
consider the UE applies the default physical channel configuration for a scheduling
request configuration for a concerned secondary cell, upon receiving the PUCCH
release request from the lower layers of the UE. Releasing SCell PUCCH SR may
provide benefits of flexibility of configuration of SR configuration, activation/deac-
tivation procedure, and/or time alignment timer setting.

Figure 10 is a flow diagram illustrating one implementation of a method 1000 for
setting SR prohibit timer for a scheduling request procedure by the eNB 160. The RRC
entity of the eNB 160 may 1002 transmit, to the UE 102, a RRC message including a
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parameter related to a SR periodicity (i.e., sr-Configindex) for a secondary cell and a
parameter related to a SR prohibit timer (i.e. sr-ProhibitTimer). The eNB 160 may 1004
assume or consider that the UE 102 sets the SR prohibit timer based on the SR periodicity for
the secondary cell and may apply the SR prohibit timer. The srConfigindex may specify a
SR periodicity and a SR subframe offset. The sr-Prohibit Timer may be a timer used for SR
procedure. The sr-Prohibit timer may be used to prohibit a SR transmission for a certain
period. Value 0 means no timer for SR transmission on PUCCH is configured. Value 1
corresponds to one SR period, Value 2 corresponds to 2*SR periods and so on. In a case that
the SR is configured for a PCell only, the SR period for determining a timer period may be a
SR periodicity for the PCell. Setting SR prohibit timer based on the SCell SR periodicity may
provide benefits of flexibility of configuration of SR prohibit timer and reduction of signaling
overhead.

[0111] Figure 4a through 4d are diagrams illustrating examples for configuration of SR on a
PUCCH on a PCell or an SCell. Figure 4a shows an example of a case that a PCell for a UE
102 is configured with the SchedulingRequestConfig IE. SR resources are shown in 401-407.
The scheduling request is configured only for the PCell. SR periodicity is 4ms. Figure 4b
shows an example of a case that a PCell for a UE 102 is configured with the
SchedulingRequestConfig IE and an SCell (i.e. PUCCH SCell) for a UE 102 is also
configured with SchedulingRequestConfig IE. The scheduling request is configured for the
PCell and the SCell. SR resources for the SCell are shown in 411-417. SR resources for the
SCell are shown in 421-424. SR periodicity for PCell is 8ms and for SCell is 4ms. The
subframes for resources for the PCell and the SCell are not overlapped based on SR subframe
offset. Figure 4c shows an example of a case that an SCell (i.e. PUCCH SCell) for a UE 102
is configured with the SchedulingRequestConfig IE. The scheduling request is configured for
the PCell and the SCell. SR resources for the SCell are shown in 431-437. SR periodicity for
SCell is 4ms. Figure 4d shows another example of a case that a PCell for a UE 102 is
configured with the SchedulingRequestConfig IE and an SCell (i.e. PUCCH SCell) for a UE
102 is also configured with SchedulingRequestConfig IE. The scheduling request is
configured for the PCell and the SCell. SR resources for the SCell are shown in 441-447. SR
resources for the SCell are shown in 451-454. SR periodicity for PCell is 8ms and for SCell is
4ms. The subframes for resources for the PCell and the SCell are overlapped.

[0112] As shown Figure 4c, if the E-UTRAN (e.g, the eNB 160) configure SR subframe offset as SR
resources among serving cells in any TTI (i.e. any subframe) are not overlapped, the PHY
layer of the UE 102 may not need to handle selection among SR resources or power sharing
among SR resources. In a case that the MAC entity of the UE 102 instructs the PHY layer to
signal the SR on the PUCCH ina TTI, the PHY
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layer of the UE 102 may transmit the SR in the TTI according to SR configurations. In
the Figure 4c, if the SCell is deactivated, the number of subframes (i.e., SR
transmission occasions) for PUCCH resources for the SR in a certain period may
change. Therefore, it may be efficient that dsr-TransMax is configured for each of
serving cells configured with the PUCCH (i.e., the PCell and the PUCCH SCell). In
these implementations, efficient resource management for the PUCCH for the SR may
be provided.

On the other hand, as shown Figure 4d, if the E-UTRAN (e.g, the eNB 160)
configure SR subframe offset as SR resources among serving cells in a TTI (i.e. a
subframe) are overlapped, the PHY layer of the UE 102 may need to handle selection
among SR resources or power sharing among SR resources. In the Figure 4d, if the
SCell is deactivated, the number of subframes (i.e., SR transmission occasions) for
PUCCH resources for the SR in a certain period may not change. Therefore, it may be
efficient that one dsr-TransMax is configured for the MAC entity or that the dsr-
TransMax for the PUCCH SCell is adjusted based on consideration of sum with dsr-
TransMax for the PCell in eNB 160 internally and eNB 160 sends appropriate values
for the dsr-TransMax for the PCell and for the SCell. In one implementation, in a case
that the MAC entity of the UE 102 instructs the PHY layer to signal the SR on the
PUCCH in a TTI, the PHY layer of the UE 102 may transmit the SR on both the
PUCCH on the PCell and the PUCCH on the SCell in the TTI according to SR config-
urations. In another implementation, in a case that the MAC entity of the UE 102
instructs the PHY layer to signal the SR on PUCCH in a TTI, the PHY layer of the UE
102 may transmit the SR on one of the PUCCH on the PCell and the PUCCH on the
SCell in the TTI according to SR configurations. eNB 160 may send, to the UE 102, a
RRC message to specify whether the UE 102 transmits the SR on both the PUCCH on
the PCell and the SCell or not and/or which the PUCCH on the PCell or the PUCCH
on the SCell is selected in a collision. In these implementations, efficient resource
management for the PUCCH for the SR may be provided.

Figure 11 illustrates various components that may be utilized in a UE 1102. The UE
1102 described in connection with Figure 11 may be implemented in accordance with
the UE 102 described in connection with Figure 1. The UE 1102 includes a processor
1181 that controls operation of the UE 1102. The processor 1181 may also be referred
to as a central processing unit (CPU). Memory 1187, which may include read-only
memory (ROM), random access memory (RAM), a combination of the two or any type
of device that may store information, provides instructions 1183a and data 1185a to the
processor 1181. A portion of the memory 1187 may also include non-volatile random
access memory (NVRAM). Instructions 1183b and data 1185b may also reside in the
processor 1181. Instructions 1183b and/or data 1185b loaded into the processor 1181
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may also include instructions 1183a and/or data 1185a from memory 1187 that were
loaded for execution or processing by the processor 1181. The instructions 1183b may
be executed by the processor 1181 to implement one or more of the methods 200, 500,
700 and 900 described above.

The UE 1102 may also include a housing that contains one or more transmitters 1158
and one or more receivers 1120 to allow transmission and reception of data. The
transmitter(s) 1158 and receiver(s) 1120 may be combined into one or more
transceivers 1118. One or more antennas 1122a-n are attached to the housing and elec-
trically coupled to the transceiver 1118.

The various components of the UE 1102 are coupled together by a bus system 1189,
which may include a power bus, a control signal bus and a status signal bus, in addition
to a data bus. However, for the sake of clarity, the various buses are illustrated in
Figure 11 as the bus system 1189. The UE 1102 may also include a digital signal
processor (DSP) 1191 for use in processing signals. The UE 1102 may also include a
communications interface 1193 that provides user access to the functions of the UE
1102. The UE 1102 illustrated in Figure 11 is a functional block diagram rather than a
listing of specific components.

Figure 12 illustrates various components that may be utilized in an eNB 1260. The
eNB 1260 described in connection with Figure 12 may be implemented in accordance
with the eNB 160 described in connection with Figure 1. The eNB 1260 includes a
processor 1281 that controls operation of the eNB 1260. The processor 1281 may also
be referred to as a central processing unit (CPU). Memory 1287, which may include
read-only memory (ROM), random access memory (RAM), a combination of the two
or any type of device that may store information, provides instructions 1283a and data
1285a to the processor 1281. A portion of the memory 1287 may also include non-
volatile random access memory (NVRAM). Instructions 1283b and data 1285b may
also reside in the processor 1281. Instructions 1283b and/or data 1285b loaded into the
processor 1281 may also include instructions 1283a and/or data 1285a from memory
1287 that were loaded for execution or processing by the processor 1281. The in-
structions 1283b may be executed by the processor 1281 to implement one or more of
the methods 300, 600, 800 and 1000 described above.

The eNB 1260 may also include a housing that contains one or more transmitters
1217 and one or more receivers 1278 to allow transmission and reception of data. The
transmitter(s) 1217 and receiver(s) 1278 may be combined into one or more
transceivers 1276. One or more antennas 1280a-n are attached to the housing and elec-
trically coupled to the transceiver 1276.

The various components of the eNB 1260 are coupled together by a bus system 1289,

which may include a power bus, a control signal bus and a status signal bus, in addition
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to a data bus. However, for the sake of clarity, the various buses are illustrated in
Figure 12 as the bus system 1289. The eNB 1260 may also include a digital signal
processor (DSP) 1291 for use in processing signals. The eNB 1260 may also include a
communications interface 1293 that provides user access to the functions of the eNB
1260. The eNB 1260 illustrated in Figure 12 is a functional block diagram rather than a
listing of specific components.

The term “computer-readable medium” refers to any available medium that can be
accessed by a computer or a processor. The term “computer-readable medium,” as
used herein, may denote a computer- and/or processor-readable medium that is non-
transitory and tangible. By way of example, and not limitation, a computer-readable or
processor-readable medium may comprise RAM, ROM, EEPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other magnetic storage devices, or any
other medium that can be used to carry or store desired program code in the form of in-
structions or data structures and that can be accessed by a computer or processor. Disk
and disc, as used herein, includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and Blu-ray (registered trademark) disc where disks
usually reproduce data magnetically, while discs reproduce data optically with lasers.

It should be noted that one or more of the methods described herein may be im-
plemented in and/or performed using hardware. For example, one or more of the
methods described herein may be implemented in and/or realized using a chipset, an
application-specific integrated circuit (ASIC), a large-scale integrated circuit (LSI) or
integrated circuit, etc.

Each of the methods disclosed herein comprises one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged
with one another and/or combined into a single step without departing from the scope
of the claims. In other words, unless a specific order of steps or actions is required for
proper operation of the method that is being described, the order and/or use of specific
steps and/or actions may be modified without departing from the scope of the claims.

It is to be understood that the claims are not limited to the precise configuration and
components illustrated above. Various modifications, changes and variations may be
made in the arrangement, operation and details of the systems, methods and apparatus

described herein without departing from the scope of the claims.
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Claims

A method by a user equipment UE (102; 1102), comprising:

receiving a Radio Resource Control, RRC, message including a first
parameter related to a maximum number of scheduling request
transmissions for a secondary

cell;

in order to allow the UE to perform a scheduling request procedure;

and

transmitting a scheduling request on a Physical Uplink Control Channel,
PUCCH, on the secondary cell, wherein the RRC message further includes a
second parameter related to a maximum number of scheduling request
transmissions for a primary cell and the scheduling request procedure is
performed based on the first parameter or the second parameter.

A method by a base station (160; 1260), comprising:

transmitting a Radio Resource Control, RRC, message including a first
parameter related to a maximum number of scheduling request
transmissions for a secondary cell, in order to allow a user equipment, UE, to
perform a scheduling request procedure; and receiving a scheduling request
on a Physical Uplink Control Channel, PUCCH, on the secondary cell,
wherein the RRC message further includes a second parameter related to a
maximum number of scheduling request transmissions for a primary cell and
the scheduling request procedure is performed based on the first parameter or
the second parameter.

A user equipment, UE (102; 1102), comprising:

a processing unit (1181) configured to:

receive a Radio Resource Control, RRC, message including a first parameter
related to a maximum number of scheduling request transmissions for a
secondary cell in order to allow the UE to perform a scheduling request
procedure; and

transmit a scheduling request on a Physical Uplink Control Channel
(PUCCH) on the secondary cell, wherein the RRC message further includes a
second parameter related to a maximum number of scheduling request
transmissions for a primary cell and the scheduling request

procedure is performed based on the first parameter or the second parameter.
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[Claim 4] A base station (160; 1260), comprising:
a processing unit (1281) configured to:
transmit a Radio Resource Control, RRC, message including a first parameter
related to a maximum number of scheduling request transmissions for a
secondary cell, in order to allow a user equipment, UE, to perform a
scheduling request procedure; and
receive a scheduling request on a Physical Uplink Control Channel,
PUCCH, on the secondary cell, wherein the RRC message further includes a
second parameter related to a maximum number of scheduling request
transmissions for a primary cell and the scheduling request
procedure is performed based on the first parameter or the second parameter.
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