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(57) Abstract: In a 3rd Generation Partnership Project communication system a base station (103) comprises a scheduler (105)
allocating communication resource of at least one of a Physical Uplink Shared CHannel, PUSCH, and a Physical Downlink Shared
& CHannel, PDSCH to a User Equipment (UE) (101). The scheduling may either be a dynamic scheduling wherein a resource alloca-
& tion for a single frame is provided to the UE or a persistent scheduling wherein a resource allocation for multiple frames is provided
& (; the UE. A resource allocator (107) assigns resource of a Physical Uplink Control CHannel, PUCCH, to the UE dependent on
whether dynamic scheduling or persistent scheduling is performed by the scheduler for the UE. The UE transmits uplink control data
on a physical uplink channel which is selected as the PUCCH or the PUSCH in response to whether persistent scheduling is used for

the UE. The invention allows reduced PUCCH loading.
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USE OF THE PHYSICAL UPLINK CONTROL CHANNEL IN A 3%
GENERATION PARTNERSHIP PROJECT COMMUNICATION SYSTEM

Field of the Invention

The invention relates to the Physical Uplink Control CHannel (PUCCH) of a 3rd
Generation Partnership Project communication system and in particular, but not

exclusively, to a Long Term Evolution communication system.

Background of the Invention

In order to provide improved communication services and increased efficiency,
cellular communication systems are continuously developed and enhanced.
Currently, the 3™ Generation Partnership Project (3GPP) standards body is in the
process of standardising improvements to the Universal Mobile Telecommunication

System (UMTS) known as Long Term Evolution (LTE).

Similarly, to advanced communication services, such as High Speed Downlink
Packet Access (HSDPA) and High Speed Uplink Packet Access (HSUPA), LTE
uses very fast scheduling of communication resources allocated to user traffic and
control data over the air interface. Specifically, scheduling for user traffic may be
performed in the individual serving base station (node B) thereby allowing
scheduling to be so fast that it can follow changes in the characteristics of the
propagation channels to the individual User Equipments (UEs). This is used to
schedule data for UEs such that data is predominantly scheduled for UEs which
currently experience advantageous propagation conditions. The fast scheduling may
be performed both for uplink user data traffic transmitted on a physical channel
known as the Physical Uplink Shared CHannel (PUSCH) and for downlink user data
traffic transmitted on a physical channel known as the Physical Downlink Shared

CHannel (PDSCH).

PCT/US2008/067063
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In LTE, the resource allocation can be changed in subframes having a duration of
only 1 msec with a typical scheduling interval (i.e. how often the scheduling
algorithm runs) of between 1 and 10 sub-frames. One frame consists of 10 such
consecutive subframes. The PUSCH and PDSCH are shared channels wherein the
scheduling is not only dependent on the current propagation conditions but also on
the resource requirement of the UEs. In order to simplify the scheduling and to
reduce the signalling overhead, LTE allows for persistent scheduling wherein a
resource allocation for the PUSCH or PDSCH may be made for a plurality of

frames.

In order to provide efficient fast scheduling in the base station, the UE must transmit
uplink control information to the scheduling base station. Specifically, the UE
transmits Channel Quality Indicator (CQI) data which is indicative of the current
propagation conditions for the UE. Based on measurements of the received signal
the UE generates a CQI which may indicate a modulation scheme and data rate that
is considered to be supportable by the air interface communication channel from the
base station to the UE, or which may be a measure of the Signal to Noise plus
Interference Ratio. As another example, LTE uses a retransmission scheme (referred
to as ARQ or Hybrid ARQ (HARQ)) and the UE transmits ARQ data in the form of
uplink acknowledge (ACK) or non-acknowledge (NACK) messages which are used
to determine whether individual data packets need to be retransmitted. As yet
another example, LTE allows the base station to utilise adaptive antenna technology
and the UE may report Precoding Matrix Index (PMI) which is used to signal the

antenna weights recommended by the UE for the individual antenna elements.

The uplink control information is transmitted using physical uplink channels.
Specifically, in subframes wherein the UE transmits uplink user data traffic on the
PUSCH, the control data is embedded within the transmission such that the control
information is transmitted to the base station using the PUSCH. However, for
subframes wherein no uplink user data traffic is transmitted on the PUSCH, the UE
uses a physical uplink channel known as the Physical Uplink Control CHannel
(PUCCH) to transmit the control information. Thus, the physical air interface
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channel used for the transmission of the control information may change for

different subframes.

Although this approach has some advantages it tends to also have some
disadvantages and tends to be inefficient. For example, the resource of the PUCCH
tends to be limited and may in some cases limit the capacity of the system as a
whole. Also, as the control information may be transmitted on different physical
uplink air interface channels, the base station typically needs to decode both of these

channels in order to determine on which channel the data was transmitted.

Hence, an improved 3GPP system would be advantageous and in particular a system
allowing increased flexibility, improved resource utilisation, facilitated operation

and/or improved performance would be advantageous.
Summary of the Invention

Accordingly, the Invention seeks to preferably mitigate, alleviate or eliminate one or

more of the above mentioned disadvantages singly or in any combination.

According to an aspect of the invention there is provided a 3" Generation

Partnership Project, 3GPP, communication system in accordance with claim 1.

The invention may provide an improved 3GPP communication system. In particular,
a more efficient resource usage may be achieved for uplink control data which
specifically may be layer 1 (physical layer) signalling data such as CQI,PMI and/or
layer 2 HARQ data.

The inventors of the current invention have realised that improved performance can
be achieved by making assignment of PUCCH resource dependent on the type of
scheduling currently being used for the specific UE. The invention may in many
scenarios achieve reduced PUCCH resource usage and may ¢.g. allow otherwise

unused PUSCH resource to be used for transmission of uplink control information.
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According to another aspect of the invention there is provided a base station in

accordance with claim 18.

According to another aspect of the invention there is provided a User Equipment in

accordance with claim 19.
According to another aspect of the invention there is provided a method of operation
for a 3 Generation Partnership Project, 3GPP, communication system in

accordance with claim 20.

These and other aspects, features and advantages of the invention will be apparent

from and elucidated with reference to the embodiment(s) described hereinafter.
Brief Description of the Drawings

Embodiments of the invention will be described, by way of example only, with

reference to the drawings, in which

FIG. 1 illustrates an example of a UE and a base station in accordance with some

embodiments of the invention;

FIG. 2 illustrates an example of uplink user transmissions in a 3GPP communication

system according to prior art;

FIG. 3 illustrates an example of uplink user transmissions in a 3GPP communication

system in accordance with some embodiments of the invention; and

FIG. 4 illustrates an example of a method of operation for a 3GPP communication

system in accordance with some embodiments of the invention.
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Detailed Description of Some Embodiments of the Invention

FIG. 1 illustrates an example of a User Equipment (UE) 101 and a base station 103
in accordance with some embodiments of the invention. The UE 101 and the base
station 103 are arranged to communicate with each other using LTE compatible air
interface communications as will be described in the following. It will be
appreciated that the UE 101 and/or the base station 103 may also comprise
functionality for communication over the air interface in accordance with standard

UMTS requirements.

The base station 103 comprises a shared channel scheduler 105 which is operable to
allocate communication resource of shared uplink and/or downlink physical air
interface channels. In the example, the shared channel scheduler 105 is responsible
for allocating communication resource of a PUSCH and a PDSCH channel
supported by the base station base station 103. It will be appreciated that in some
embodiments, the shared channel scheduler 105 may only be arranged to allocate

resource for either one of the PUSCH and the PDSCH.

The shared channel scheduler 105 is arranged to perform fast scheduling such that
the resource allocation reflects the instantancous propagation conditions for the UEs
to be scheduled. In order to do so, the shared channel scheduler 105 can schedule

resource within very short time intervals.

Specifically, PUSCH and PDSCH uses a frame structure wherein each frame has a
duration of 10 msecs. The frame is divided into 20 slots of 0.5 msec and two slots
form a subframe with a duration of 1 msec. In the system, the resource allocation of
the PUSCH and PDSCH can be changed in each subframe. Thus, in the system, the

resource allocation for the UE 101 may be changed at 1 msec intervals.

Although such fast scheduling allows effective use of the air interface resource it
also has some disadvantages. In particular, it requires that scheduling data is

frequently transmitted to the UEs which can result in increased overhead. In order to
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facilitate scheduling and reduce the air interface signalling overhead, LTE allows
that persistent scheduling may be performed where a PDSCH or PUSCH resource

allocation is provided for a plurality of frames.

For example, if the UE 101 is currently supporting a Voice over Internet Protocol
(VoIP) voice communication service, data of a speech burst may currently be
transmitted from the UE 101 to the base station 103. As a speech burst is much
longer than the frame duration, the UE 101 will require the same PUSCH resource
allocation for a plurality of consecutive frames. Accordingly, the shared channel
scheduler 105 may perform a persistent scheduling wherein a fixed resource
allocation is assigned to the UE 101 for a plurality of frames (e.g. for 10 frames).
During this persistent scheduling interval, the UE 101 can thus freely use the
allocated resource block(s) in each frame and typically for a VoIP communication
the vast majority (but typically not all) of the allocated subframes will be used to
transmit voice data during a speech burst. Alternatively the duration may be
unlimited such that the UE may use the assigned resource until further notice. A
persistent allocation may also be made in non-contiguous frames e.g. resource may

be assigned to a UE every 20ms.

Thus, in the example, the shared channel scheduler 105 may perform either dynamic
or persistent scheduling for the UE 101. For a dynamic scheduling, each resource
allocation is limited to be within a single frame (and may specifically be an
allocation of a resource block in a single subframe) whereas for a persistent
scheduling each resource allocation relates to a plurality of frames (which may be
consecutive). For example, a dynamic resource scheduling may allocate a resource
block within a specific subframe of a specific frame to the UE 101 whereas a
persistent scheduling may allocate a specific resource block within a specific

subframe of a plurality of frames to the UE 101.

The base station 103 receives a range of uplink control data from the supported UEs.
Such uplink control data includes Channel Quality Indicator (CQI) data which is

used by the shared channel scheduler 105 to perform the fast resource scheduling.

PCT/US2008/067063
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Specifically, the UE 101 measures the received signal to determine a received signal
level/ quality and in response it generates CQI data which is transmitted to the base
station. The CQI data indicates the current quality of the propagation channel to the
UE 101 and the shared channel scheduler 105 takes this into account when
scheduling resource for the different UEs. Specifically, the CQI may indicate the
measured signal level/ quality directly for example it may be a measure of the signal

to noise plus interference ratio.

As another example, the UEs can transmit Precoding Matrix Index (PMI) data to the
base stations. In the example, the shared channel scheduler 105 comprises an
adaptive antenna array which allows beamsteering by setting of weights for the
individual antenna elements of the array (this weighting is known as precoding). The
determination and setting of the weights are in the example based on a feedback loop
where the UE 101 transmits PMI data, which is a recommendation of the precoding
weights that the shared channel scheduler 105 uses to determine and set the weights.
Note that in alternative embodiments the antenna beamsteering function may be

implemented outside the shared channel scheduler 105.

As another example, LTE provides for the use of a retransmission scheme for
communications over the air interface. Thus, the UE 101 transmits acknowledge/
non-acknowledge data (Hybrid ARQ data) back to the shared channel scheduler 105
to indicate whether it is necessary to retransmit any specific data packets. Such
retransmission acknowledgement data may relate to an initial transmission of a data
packet or to further retransmissions of the data packet (including retransmissions
comprising different elements of the encoded data in accordance with a Hybrid-

ARQ scheme).

LTE provides a physical air interface channel known as the Physical Uplink Control
CHannel, PUCCH, on which the uplink control data can be transmitted from the UE
101 to the base station 103.
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The 3GPP standards community is currently standardising details of the PUCCH and
various proposals have been put forward. One approach would be that PUCCH
resource is allocated to all UEs requesting resource of the PUSCH such that a
physical channel is available for transmission of CQI data even if no user data is
transmitted on the PUSCH. However, LTE uses a Single Carrier Frequency Division
Multiple Access (SC-FDMA) modulation scheme which requires all uplink
transmissions to use a contiguous set of subcarriers. As the PUCCH is assigned to
subcarriers towards the upper and lower end of the available subcarriers and the
PUSCH may be allocated to subcarriers which are not adjacent to the PUCCH
subcarriers, it is typically not possible to have simultancous PUCCH and PUSCH
transmissions. Accordingly, it has been proposed that uplink control data is
transmitted together with user data on the PUSCH if there is such a transmission in
the subframe and is transmitted on the PUCCH otherwise. An example of such an
approach is shown in FIG. 2 wherein two UEs (UE1 and UE2) are persistently
scheduled over (at least) two frames. As illustrated in FIG. 2, the PUCCH is
transmitted on one set of subcarriers during the first half of a subframe and on
another set of subcarriers during a second half of the subframe in order to provide

frequency transmit diversity.

However, such an approach tends to have a number of disadvantages. For example,
the PUCCH resource tends to be limited but is reserved even in situations where it is
not actively used. Also, as the uplink data may be transmitted on two different
physical channels, the base station must always decode both channels. This results in
increased latency of the decoding of the uplink control data and increases the

complexity and computational demand of the base station.

In the system of FIG. 1, a different approach is used where the physical channel used
for the transmission of the uplink control data depends on whether dynamic or
persistent scheduling has been performed for the UE 101. Specifically, if a dynamic
resource allocation of PUSCH resource within a single frame has been provided to
the UE 101, the UE 101 transmits the uplink control data on the PUSCH if other

data is transmitted thereon and on the PUCCH if no other data is transmitted on the
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PUSCH. However, if persistent scheduling is performed, such that the UE 101 has
been provided with a resource allocation for several frames, the CQI is always

transmitted on the PUSCH for subframes in which the persistent scheduling has

allocated PUSCH resource.

Thus, in the system of FIG. 1, the uplink control data, and specifically Layer 1 and
layer 2 control signaling (CQI/PMI/ACK data) is always transmitted using the
PUSCH persistent allocation even if the UE sends no other data on that persistent

allocation.

The base station 103 comprises a PUCCH allocator 107 which is coupled to the
shared channel scheduler 105. The PUCCH allocator 107 is responsible for
assigning resources of the PUCCH to the individual UEs (and specifically to the UE
101). However, in contrast to previous approaches, this assignment is in the system
of FIG. 1 made in response to the type of scheduling which is currently performed
for the UE. When assigning PUCCH resource to the UE 101, the PUCCH allocator
107 determines whether dynamic or persistent scheduling is performed for the UE
101. If dynamic scheduling is performed, the PUCCH allocator 107 allocates
PUCCH resource to the UE 101 which it can use for the uplink control data uplink
transmission. However, if persistent scheduling is used for the UE 101, the PUCCH
allocator 107 may not allocate any PUCCH resource whatsoever to the UE 101 as all
uplink control data transmissions may be performed within the PUSCH allocations

of the persistent scheduling.

It will be appreciated that in some embodiments, the PUCCH allocator 107 will
simply select not to allocate any PUCCH resource whenever persistent scheduling is
used whereas in other embodiments the PUCCH allocator 107 may further include
other considerations, such as e.g. a reporting interval or delay for the uplink control
data. For example this may result in a reduced PUCCH allocation being made

compared to the dynamic scheduling case.

PCT/US2008/067063
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The UE 101 comprises a control data processor 109 which generates the uplink
control data. In the specific example, the control data processor 109 generates CQI,
PMI and HARQ data in accordance with the UMTS (LTE) specifications. It will be
appreciated that any suitable algorithm or approach for generating the uplink control

data may be used.

The UE 101 furthermore comprises a resource allocation receiver 111 which
receives the PUSCH and PDSCH resource allocations from the base station 103.
Specifically, the resource allocation receiver 111 receives resource allocation data
which provides a resource allocation within one frame (a dynamic scheduling
resource allocation) or a resource allocation within a plurality of frames (a persistent

scheduling resource allocation).

The control data processor 109 and resource allocation receiver 111 are coupled to a
channel selection processor 113 which selects whether to use the PUSCH or the
PUCCH for uplink transmissions of uplink control data. The channel selection
processor 113 is coupled to a transmitter 115 which is operable to make the uplink
air interface transmissions of the uplink control data using the selected physical

channel.

The channel selection processor 113 selects which physical channel to use in
response to whether persistent scheduling is used for the UE 101. Specifically,
whenever the resource allocation receiver 111 indicates that persistent scheduling is
used for the UE 101, the channel selection processor 113 selects to transmit the
uplink control data using the PUSCH if a PUSCH allocation is provided for the
subframe. The use of the PUSCH in such a subframe is independent of whether any
other data is transmitted by the UE 101 on the PUSCH during the subframe. Thus,
when persistent scheduling is used for the UE 101, the CQI, PMI and/or HARQ data
is transmitted on the PUSCH regardless of whether any other data is transmitted on

the PUSCH.

PCT/US2008/067063
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If persistent scheduling is not currently used for the UE 101, the channel selection
processor 113 proceeds to select between the PUCCH and the PUSCH for a
subframe dependent on whether other uplink data is transmitted on the PUSCH in
this subframe. Specifically, if other data is transmitted using the PUSCH, the
channel selection processor 113 selects the PUSCH and otherwise the PUCCH is

selected.

Thus, in the system of FIG. 1, the UE 101 autonomously selects between the
PUCCH and the PUSCH dependent on whether dynamic or persistent scheduling is
currently used. Furthermore, the base station 103 autonomously determines what
PUCCH resource to allocate to the UE 101 depending on whether dynamic or
persistent scheduling is currently used. Specifically, as the operation of the UE 101
ensures that any uplink control data transmissions in subframes having a persistent
allocation use the PUSCH, the PUCCH allocator 107 may not assign any PUCCH
resources to the UE 101 for these subframes. Indeed, in some cases transmissions of
uplink control data may be limited only to such subframes resulting in no need for

any PUCCH resource allocation to the UE UE 101 whatsoever.

FIG. 3 illustrates an example of uplink transmissions on the PUCCH and PUSCH in

accordance with such an approach.

It will be appreciated that the described approach provides a number of advantages.
In particular, the approach can reduce the number of PUCCH subframes that need to
be assigned for ARQ/CQI/PMI data. The approach reduces the loading on the
PUCCH and may in some cases completely remove the need for any PUCCH
resource to be allocated. Also, resource wastage due to unused PUSCH subframes is
reduced and the operation of the base station is facilitated/ simplified as the base
station will always know where the uplink control data is transmitted when
persistent scheduling is used. Furthermore, no dynamic PUCCH resource allocation

is required thereby simplifying operation.



10

15

20

25

30

WO 2008/157462

12

In some embodiments, the persistent resource allocations may be aligned such that

the requirement for a PUCCH may be reduced or eliminated.

In some embodiments the shared channel scheduler 105 can align the PUSCH
resource allocations of a persistent scheduling and the reporting times for the uplink

control data.

As a specific example, the UE 101 may currently be required to provide CQI and
PMI data at a given frequency. The base station 103 will have information of when
the CQI/PMI data is to be transmitted from the UE 101 and accordingly the shared
channel scheduler 105 can determine the subframes in which CQI/PMI data is sent.
It can then continue to select these subframes for a persistent scheduling allocation
thereby ensuring that resource of the PUSCH is allocated in the subframes wherein
the CQI/PMI data is sent and thus that this data can be sent on the PUSCH rather
than the PUCCH. It will be appreciated that in some scenarios, this may eliminate
the requirement for any PUCCH allocation within the persistent scheduling interval
(i.e. if a PUSCH allocation is provided to the UE 101 for each subframe in which
CQI/PMI data is transmitted). In other scenarios, the CQI/PMI reporting rate may be
higher than the frequency of PUSCH allocations (e.g. if the UE 101 only requests a
low resource allocation). In such cases, the approach may reduce the loading of the
PUCCH by increasing the number of times the PUSCH can be used instead of the
PUCCH.

It will be appreciated that the shared channel scheduler 105 alternatively or
additionally may change the timing of the uplink control data transmissions to
comply with the PUSCH allocations of the persistent scheduling. For example, the
shared channel scheduler 105 may set a reporting frequency for CQI/PMI data to be
the same as a frequency of PUSCH subframes allocated to the UE 101.

In some embodiments, the shared channel scheduler 105 is arranged to align PUSCH
resource allocations and PDSCH resource allocations for a persistent scheduling of

both the PUSCH and PDSCH. The alignment is made such that transmission times

PCT/US2008/067063



10

15

20

25

30

WO 2008/157462

13

of acknowledgement data corresponding to PDSCH resource allocations coincide

with PUSCH resource allocations.

Specifically, when both downlink and uplink are persistently scheduled careful
alignment of the uplink and downlink transmission times can ensure that the
retransmission acknowledge data (ACK/NACK) for a downlink transmission in a
persistently scheduled subframe of the PDSCH can be transmitted by an uplink
transmission of a persistently scheduled subframe of the PUSCH. As a simple
example, the shared channel scheduler 105 can allocate one subframe of each frame
of the PUSCH and PDSCH to the UE 101 with the ACK/NACK message for a given
PDSCH transmission being returned in the next allocated PUSCH subframe. Thus,
the alignment/synchronisation of the persistent allocations for the PUSCH and
PDSCH can ensure that retransmission acknowledge data can always be transmitted

on the PUSCH thereby removing the necessity of a PUCCH allocation.

In some embodiments, the CQI data which is transmitted from the UE 101 to the

base station 103 may be reduced if persistent scheduling is used for the PDSCH.

Typically, the CQI data is used by the shared channel scheduler 105 to perform very
fast dynamic scheduling. However, when persistent scheduling is used, resource
allocations relate to a plurality of frames and resource allocation updates are much
slower. The shared channel scheduler 105 does therefore not require fast CQI
updates as most of these will reflect the changes within a given duration of a
persistent scheduling and therefore will not impact the resource allocation. In other
words, if the downlink is persistently scheduled, link adaptation may only require

slow CQI feedback.

Therefore, the frequency of the CQU transmissions may be reduced and specifically
the shared channel scheduler 105 can instruct the UE 101 to only report CQI data on
the PUSCH and the PUCCH allocator 107 may accordingly not assign any PUCCH
resources to the UE 101.

PCT/US2008/067063
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If the PUSCH is also currently persistently scheduled, the UE 101 may transmit data
in allocated subframes regardless of whether any other data is transmitted. If the
PUSCH is not persistently scheduled, the CQI data may only be transmitted if other
data is also transmitted in the given subframe. In this case, CQI feedback may only
be allowed with other uplink data transmissions and thus no PUCCH needs to be

assigned.

In some embodiments the number of bits used for each CQI indication is reduced if
persistent scheduling is used for the PDSCH. Thus, the number of bits could be
smaller than for a regular CQI report. For example, instead of a 5 bits CQI Value, a
2 bits relative value may be enough. As the persistent scheduling is much slower
than dynamic scheduling, it is significantly less sensitive to the precision of the CQI
feedback and therefore the reduced amount of bits does not lead to any significant

degradation.

Persistent scheduling may frequently be used when a voice communication is carried
over the PUSCH. For example, LTE envisages that VoIP communications will be
supported by PUSCH communications and it is expected that persistent scheduling
will be used for individual speech bursts. In such systems, the presence of uplink
control data in an allocated subframe which does not comprise any voice data may
be used as a silence indicator. The base station 103 can accordingly detect the end of
a speech burst in response to receiving uplink control data in a PUSCH subframe not
comprising any voice data. It will be appreciated that any suitable criterion for
determining that a speech burst has terminated from receiving uplink control data
only subframes can be used. For example, the base station 103 can determine that
the speech burst has ended if more than a given number N of consecutive allocated

PUSCH subframes has comprised uplink control data but no voice data.

In some embodiments, the shared channel scheduler 105 may also modify a
persistent scheduling interval in response to the detection of the end of the speech
burst. Specifically, when the end of the speech burst is detected the shared channel
scheduler 105 may continue to perform persistent scheduling for the UE 101 but
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may increase the interval between resource allocation updates. For example, the

persistent scheduling interval may be set to, say, 20 msecs during a speech burst and
to, say, 160 msecs during a pause. Increasing the interval will allow the less frequent
VolIP Silence Indications (SIDs) to be transmitted by the UE without wasting uplink

resource.

It will be appreciated that the described processors, scheduler, allocator, detector,
transmitter and receiver may be implemented in any suitable form. For example, the
processors, means, scheduler, detector and allocator may be implemented as an
executable routine implemented in a processing unit such as ¢.g. a micro-controller,
a digital signal processor and/or a central processing unit. Specifically, the
functionality of the processors and UE based means for may be implemented as a
subroutine executed on the same processing unit of a UE. Similarly, the scheduler
and allocator may be implemented as a subroutine executed on the same processing

unit of a base station.

Also, it will be appreciated that any of the functional units may include suitable
memory elements, such as solid state memory (ROM, RAM, Flash memory etc),

magneto and/or optical storage devices (hard disk, optical disc etc).

Indeed it will be appreciated that all processors, means, scheduler, detector and
allocator illustrated or described may be implemented as different unique sets of
programming instructions that are executed on a processor (or distributed over a
plurality of processors) of the UE or base station, or can each be electronic circuitry
such as a custom large scale integrated circuit state machine (or part of one). As
another example, the processors may be implemented partly or fully as neural

networks and/or fuzzy computing.

FIG. 4 illustrates a method of operation for a 3™ Generation Partnership Project,
3GPP, communication system in accordance with some embodiments of the

invention.
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The method initiates in step 401 wherein a communication resource is allocated to a
User Equipment. The communication resource is a communication resource of at
least one of a Physical Uplink Shared CHannel, PUSCH, and a Physical Downlink
Shared CHannel, PDSCH. The allocating of the communication resource is a
dynamic scheduling wherein a resource allocation for a single frame is provided to
the UE or a persistent scheduling wherein a resource allocation for a plurality of

frames is provided to the UE.

Step 401 is followed by step 403 wherein resource of a Physical Uplink Control
CHannel, PUCCH, is assigned to the User Equipment dependent on whether

dynamic scheduling or persistent scheduling is performed for the User Equipment.

It will be appreciated that the above description for clarity has described
embodiments of the invention with reference to different means for, functional units
and processors. However, it will be apparent that any suitable distribution of
functionality between different functional units or processors may be used without
detracting from the invention. For example, functionality illustrated to be performed
by separate processors or controllers may be performed by the same processor or
controllers. Hence, references to specific functional units are only to be seen as
references to suitable means for providing the described functionality rather than

indicative of a strict logical or physical structure or organization.

The invention can be implemented in any suitable form including hardware,
software, firmware or any combination of these. The invention may optionally be
implemented at least partly as computer software running on one or more data
processors and/or digital signal processors. The elements and components of an
embodiment of the invention may be physically, functionally and logically
implemented in any suitable way. Indeed the functionality may be implemented in a
single unit, in a plurality of units or as part of other functional units. As such, the
invention may be implemented in a single unit or may be physically and functionally

distributed between different units and processors.
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Although the present invention has been described in connection with some
embodiments, it is not intended to be limited to the specific form set forth herein.
Rather, the scope of the present invention is limited only by the accompanying
claims. Additionally, although a feature may appear to be described in connection
with particular embodiments, one skilled in the art would recognize that various
features of the described embodiments may be combined in accordance with the
invention. In the claims, the term comprising does not exclude the presence of

other elements or steps.

Furthermore, although individually listed, a plurality of means, elements or method
steps may be implemented by e.g. a single unit or processor. Additionally, although
individual features may be included in different claims, these may possibly be
advantageously combined, and the inclusion in different claims does not imply that a
combination of features is not feasible and/or advantageous. Also the inclusion of a
feature in one category of claims does not imply a limitation to this category but
rather indicates that the feature is equally applicable to other claim categories as
appropriate. Furthermore, the order of features in the claims does not imply any
specific order in which the features must be worked and in particular the order of
individual steps in a method claim does not imply that the steps must be performed

in this order. Rather, the steps may be performed in any suitable order.
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CLAIMS

1. A 3" Generation Partnership Project, 3GPP, communication system
comprising:

a scheduler for allocating communication resource to a User Equipment, UE,
the communication resource being a communication resource of at least one of a
Physical Uplink Shared CHannel, PUSCH, and a Physical Downlink Shared
CHannel, PDSCH, the scheduler being operable to perform one or more of a
dynamic scheduling wherein a resource allocation for a single frame is provided to
the UE and a persistent scheduling wherein a resource allocation for a plurality of
frames is provided to the UE;

a resource allocator for assigning resource of a Physical Uplink Control
CHannel, PUCCH, to the UE, the assignment of the PUCCH resource to the UE
being dependent on whether dynamic scheduling or persistent scheduling is

performed by the scheduler for the UE.

2. The 3GPP communication system of claim 1 further comprising the UE and
wherein the UE comprises a transmitter for transmitting uplink control data to a base
station on a physical uplink channel and a processor for selecting the physical uplink
channel as the PUCCH or the PUSCH in response to whether persistent scheduling
1s used for the UE.

3. The 3GPP communication system of claim 2 wherein the UE is arranged to
select the PUSCH in all subframes for which the UE has received a resource

allocation by persistent scheduling.

4. The 3GPP communication system of claim 3 wherein the UE is arranged to
select between the PUCCH and the PUSCH for a subframe when dynamic
scheduling is used for the UE dependent on whether other uplink data is transmitted
on the PUSCH in the subframe.

PCT/US2008/067063
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5. The 3GPP communication system of claim 2 wherein the scheduler is

arranged to allocate the communication resource to a speech burst of a voice

communication from the UE, and the communication system furthermore comprises:
a detector for detecting the end of a speech burst in response to receiving

uplink control data in a PUSCH subframe not comprising any voice data.

6. The 3GPP communication system of claim 5 wherein the scheduler is
arranged to modify a persistent scheduling interval in response to the detection of

the end of the speech burst.

7. The 3GPP communication system of claim 2 wherein the uplink control data
comprises one or more of Channel Quality Indicator, CQI, data, retransmission

acknowledgement data, and Precoding Matrix Index, PMI, data.

8. The 3GPP communication system of claim 1 wherein the scheduler is
furthermore arranged to align PUSCH resource allocations of a persistent scheduling

and reporting times of the uplink control data.

9. The 3GPP communication system of claim 1 wherein the scheduler is
furthermore arranged to align PUSCH resource allocations and PDSCH resource
allocations for persistent schedulings of both the PUSCH and PDSCH such that
transmission times of acknowledgement data corresponding to PDSCH resource

allocations coincide with PUSCH resource allocations.

10. The 3GPP communication system of claim 1 further comprising means for
reducing an amount of Channel Quality Indicator, CQI, data transmitted from the

UE if persistent scheduling is used for the PDSCH.

11. The 3GPP communication system of claim 10 wherein CQI data is

transmitted only on the PUSCH.

PCT/US2008/067063
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12. A base station for a 3" Generation Partnership Project, 3GPP,
communication system, the base station comprising:

a scheduler for allocating communication resource to a User Equipment, UE,
the communication resource being a communication resource of at least one of a
Physical Uplink Shared CHannel, PUSCH, and a Physical Downlink Shared
CHannel, PDSCH, the scheduler being operable to perform a dynamic scheduling
wherein a resource allocation for a single frame is provided to the UE or a persistent
scheduling wherein a resource allocation for a plurality of frames is provided to the
UE;

a resource allocator for assigning resource of a Physical Uplink Control
CHannel, PUCCH, to the UE, the assignment of the PUCCH resource to the UE
being dependent on whether dynamic scheduling or persistent scheduling is

performed by the scheduler for the UE.

13. A User Equipment, UE, for a 3 Generation Partnership Project, 3GPP,
communication system including a scheduler for allocating communication resource
to the UE, the communication resource being a communication resource of at least
one of a Physical Uplink Shared CHannel, PUSCH, and a Physical Downlink Shared
CHannel, PDSCH, the scheduler being operable to perform a dynamic scheduling
wherein a resource allocation for a single frame is provided to the UE or a persistent
scheduling wherein a resource allocation for a plurality of frames is provided to the
UE; the UE comprising;:

a transmitter for transmitting uplink control data to a base station on a
physical uplink channel; and

a processor for selecting the uplink communication channel as a Physical
Uplink Control CHannel, PUCCH, or the PUSCH in response to whether persistent
scheduling is used for the UE.

14. A method of operation for a 3" Generation Partnership Project, 3GPP,
communication system comprising:
allocating communication resource to a User Equipment, UE, the

communication resource being a communication resource of at least one of a
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Physical Uplink Shared CHannel, PUSCH, and a Physical Downlink Shared
CHannel, PDSCH, the allocating of the communication resource being a dynamic
scheduling wherein a resource allocation for a single frame is provided to the UE or
a persistent scheduling wherein a resource allocation for a plurality of frames is
provided to the UE; and

assigning resource of a Physical Uplink Control CHannel, PUCCH, to the
UE dependent on whether dynamic scheduling or persistent scheduling is performed

for the UE.
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