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OBTAINING CHANNEL QUALITY
INFORMATION IN A WIRELESS

COMMUNICATION NETWORK

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Umted Kingdom
patent application number 0319567 .4, filed Aug. 20, 2003,
which 1s incorporated by reference 1n 1ts entirety herein.

FIELD OF THE INVENTION

This mmvention relates to code division multiple access
(CDMA) systems, and particularly (though not exclusively)
to wireless CDMA systems such as 3’ Generation Partner-

ship Project (3GPP) systems utilising packet data services
and employing High Speed Downlink Packet Access (HS-

DPA).

BACKGROUND OF THE INVENTION

There has been a growth in demand for packet switched
wireless data services due to the growth 1n internet applica-
tions. A typical channel over which these data services are
delivered 1s a radio channel. There are available radio chan-
nels 1n an increasing number of frequency bands. A frequency
band of particular interest 1s the IMT-2000 frequency band (at
a frequency of about 2 GHz). This frequency band 1s used for
delivery of data services using wideband code division mul-
tiple access (WCDMA) techniques. Two WCDMA tech-
niques that may be used 1n this frequency band are frequency
division duplex (FDD) techmques and time division duplex
(TDD) techniques.

A well known feature of radio channels 1s multipath propa-
gation. Radio waves from a transmitter may take several paths
simultaneously to areceiver: these multiple paths are possible
due to the radio waves reflecting oil various objects in the
surroundings. The objects that cause these reflections can
cither be stationary or mobile (for example, the radio waves
may retlect oif moving vehicles). Indeed the recerver may be
either stationary or mobile. These radio waves combine at the
receiver (by the laws of superposition). The combination can
be either constructive or destructive. Destructive combination
leads to a smaller signal at the recerver whereas constructive
combination leads to a larger signal at the receiver.

When either the recerver moves or the surroundings of the
receiver move, the recetver will progressively enter zones of
constructive and destructive interference. In such a way, the
signal strength at the recerver will fade up and down. This
fading can be a problem for transmission of mobile data.

There are various strategies for overcoming the problems
of fading. It 1s possible to employ forward error correction to
correct errors that occur during a fade. Generally forward
error correction requires the errors to be uniformly distrib-
uted. This can be achieved using interleaving. The depth of
the interleaver 1s a function of the channel: for fast channels,
a small interleaving depth may be employed, for slow chan-
nels, a larger interleaving depth 1s required. For slow chan-
nels, the latency associated with a large interleaving depth
prohibits its use.
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It 1s possible for the transmitter to base 1t’s transmit power
assuming a worst case fade depth. This strategy 1s wasteful of
transmit power.

A strategy that 1s useful when packet data services are
transmitted across a fading radio channel 1s to exploit multi-
user diversity. Multi-user diversity may be employed when
there are multiple users that are all requesting service concur-
rently. If the transmitter knows the channel conditions that are
being experienced by the recervers that 1t 1s serving, 1t may
schedule those users that are experiencing favourable channel
conditions 1n preference to those experiencing unfavourable
channel conditions. Furthermore, the scheduler may wish to
use less error correcting coding or transmit using a higher
order modulation when transmitting to users with the best
channel conditions (such techniques will increase the instan-
taneous throughput to those users).

In the HSDPA system that 1s specified by 3GPP, the trans-
mitter 1s the Node B (a “base station™) and the recerver 1s the
UE (user equipment, 1.e., a “remote station”). The HSDPA
system that 1s specified by 3GPP exploits multi-user diversity
in several ways:

the amount of error correcting coding and modulation

applied may be varied between transmissions (adaptive
modulation and coding: AMC).

the scheduling function is located in the Node B: this

network element has a shorter round trip delay to the UE
than the RNC (Radio Network Controller) which 1s
where the scheduling function 1s classically located. The
Node B may attempt to always choose users to schedule
that are experiencing favourable channel conditions.

the UE reports channel quality directly to the Node B,

allowing the Node B to make scheduling decisions based
on channel quality.

3GPP have specified HSDPA both for the FDD (Frequency
Division Duplex) and for the TDD (Time Division Duplex)
modes. In both modes of operation, there 1s a mechanism by
which channel quality estimates are fed back from the UE to
the Node B.

In FDD, a dedicated channel exists that runs continuously
in the uplink and the downlink. The UE makes measurements
on the downlink channel and reports these measurements
continuously in the uplink (where the reporting period 1is
specified by the network). This system has the advantage that
the Node B 1s continuously updated with channel quality
information from the UE. The disadvantage with this system
1s that these dedicated channels need to be maintained: these
dedicated channels consume scarce power and code
resources.

In'TDD, there 1s no requirement for a dedicated channel (1n
the sense that any dedicated channel that 1s maintained by the
network serves no purpose in the functioning of HSDPA and
may be configured to consume an insignificant amount of

physical resources 1n any case). When data-bearing resources
(HS-DSCH: High Speed Downlink Shared Channel) are allo-

cated in TDD HSDPA, a shared uplink channel (HS-SICH:
High Speed Shared Information Channel) 1s automatically
allocated. This uplink channel carries an acknowledgement
of the HS-DSCH and a channel quality indication. The advan-
tage of this system 1s that a resource-consuming dedicated
channel does not need to be maintained. The disadvantage 1s
that channel quality information 1s received by the scheduler
in the Node B only infrequently.

The TDD method of channel quality information reporting,
can work well with certain tratfic models and allocation strat-
egies. Namely, when a streaming traific model 1s used, each
UE will be continually allocated with a resource (and the
Node B will continually recerve channel quality reports).
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However, a streaming traffic model 1s not 1deally suited to
exploitation of multi-user diversity (since a mimimum “drip-
feed” of allocation i1s required in order to maintain the
stream).

A strategy that could be adopted by the Node B to gain
channel quality information 1s for the Node B to explicitly
request a channel quality report from the UE. This channel
quality request message may be small and thus have an 1nsig-
nificant impact on overall system throughput. The Node B
may use the returned channel quality reports to gain multi-
user diversity benelits by employing adaptive modulation and
coding, fast scheduling and other techniques previously
referred to.

Methods for explicitly requesting channel quality informa-
tion reports from the UE have been proposed. However, these
methods of requesting channel quality information require
amendments to the 3GPP standards and do not propose how
these channel quality information requests would be sched-
uled by the Node B or how the UE would derive the channel
quality information that 1s to be returned to the UE.

A need therefore exists for HSDPA communication
wherein the abovementioned disadvantage(s) may be allevi-
ated.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention
there 1s provided a method for HSDPA communication.

In accordance with a second aspect of the present invention
there 1s provided a base station for HSDPA communication.

In accordance with a third aspect of the present invention
there 1s provided a remote station for HSDPA communica-
tion.

In accordance with a fourth aspect of the present invention
there 1s provided a system for HSDPA communication.

In accordance with a fifth aspect of the present invention
there 1s provided a method for determiming channel propaga-
tion information.

In accordance with a sixth aspect of the present invention
there 1s provided an apparatus for determining channel propa-
gation mformation.

BRIEF DESCRIPTION OF THE DRAWINGS

One method, system, base station and remote station for
HSDPA scheduling 1n a communication system incorporat-
ing embodiments of the present mvention will now be
described, by way of example only, with reference to the
accompanying drawing(s), 1n which:

FIG. 1 shows a block schematic diagram illustrating a
3GPP radio communication system in which an embodiment
of the present invention may be used;

FIG. 2 shows a graph 1llustrating operation and multi-user
diversity and adaptive modulation and coding;;

FIG. 3 shows a block schematic diagram of the HSDPA
cycle;

FI1G. 4 shows a block schematic diagram of HSDPA opera-
tion in the time domain with 2 HARQ (Hybrid Automatic
Re-transmission reQQuest) processes;

FIG. 5 shows a block schematic diagram of HSDPA opera-
tion where data 1s not transmitted 1n consecutive frames:

FIG. 6 shows a block schematic diagram of higher level
architectural operation of HSDPA ;

FIG. 7 shows a block schematic diagram illustrating
HARQ buifer memory partitioning in accordance with an
embodiment of the present invention;
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FIG. 8 shows a block schematic diagram illustrating prior
art HARQ bufier memory partitioning;

FIG. 9 shows a block schematic diagram illustrating a
Node B procedure, incorporating an embodiment of the
present invention, for requesting a channel quality report;

FIG. 10 shows a block schematic diagram 1llustrating the
format of data packet that may be used 1n the procedure of
FI1G. 9; and

FIG. 11 shows a block schematic diagram illustrating a
Node B sequence of actions that may be performed as a
superset of the procedure of FIG. 9, with prior scheduling
functions being additionally performed.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Referring firstly to FIG. 1, atypical, standard UMTS Radio
Access Network (UTRAN) system 100 1s conveniently con-
sidered as comprising: a terminal/user equipment domain

110; a UMTS Terrestrial Radio Access Network domain 120;

and an mirastructure domain 130.

In the terminal/user equipment domain 110, terminal
equipment (TE) 112 1s connected to mobile equipment (ME)
114 via the wired or wireless R interface. The ME 114 1s also
connected to a user service 1dentity module (USIM) 116; the
ME 114 and the USIM 116 together are considered as a user
equipment (UE) 118. The UE 118 communicates data with a
Node B (base station) 122 1n the radio access network domain
(120) via the wireless Uu interface. Within the radio access
network domain 120, the Node B 122 communicates with a
radio network controller (RNC) 124 via the lub interface. The
RNC 124 communicates with other RNC’s (not shown) via
the Iur interface. The Node B 122 and the RNC 124 together
form the UTRAN 126. The RNC 124 communicates with a
serving GPRS service node (SGSN) 132 1n the core network
domain 130 via the Iu interface. Within the core network
domain 130, the SGSN 132 communicates with a gateway
GPRS support node 134 via the Gn interface; the SGSN 132
and the GGSN 134 communicate with a home location reg-
ister (HLR) server 136 via the Gr interface and the Ge inter-
face respectively. The GGSN 134 communicates with public
data network 138 via the G1 interface.

Thus, the elements RNC 124, SGSN 132 and GGSN 134
are conventionally provided as discrete and separate units (on
their own respective soltware/hardware platforms) divided
across the radio access network domain (120) and the core

network domain (130), as shown FIG. 1.

The RNC 124 1s the UTRAN element responsible for the
control and allocation of resources for numerous Node B’s
122; typically 50 to 100 Node B’s may be controlled by one
RNC. The RNC also provides reliable delivery of user tratfic
over the air interfaces. RNC’s communicate with each other
(via the Iur interface).

The SGSN 132 1s the UMTS Core Network element
responsible for Session Control and interface to the HLR. The
SGSN keeps track of the location of an individual UE and
performs security functions and access control. The SGSN 1s
a large centralised controller for many RNC:s.

The GGSN 134 1s the UMTS Core Network element
responsible for concentrating and tunnelling user data within
the core packet network to the ultimate destination (e.g.,
internet service provider—ISP).

Such a UTRAN system and 1ts operation are described
more fully 1in the 3rd Generation Partnership Project technical
specification documents 3GPP TS 25.401, 3GPP TS 23.060,

and related documents (all incorporated by reference herein),
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available from the 3GPP website at www.3gpp.org, and need
not be described herein 1n more detail.

A strategy that 1s useful when packet data services are
transmitted across a fading radio channel is to exploit multi-
user diversity. Multi-user diversity may be employed when
there are multiple users that are all requesting service concur-
rently. If the transmitter knows the channel conditions that are
being experienced by the recervers that 1t 1s serving, 1t may
schedule those users that are experiencing favourable channel
conditions 1n preference to those experiencing unfavourable
channel conditions. Furthermore, the scheduler may wish to
use less error correcting coding or transmit using a higher
order modulation when transmitting to users with the best
channel conditions (such techniques will increase the instan-

taneous throughput to those users).
In the HSDPA system that 1s specified by 3GPP, the trans-

mitter 1s the Node B and the receiver 1s the UE. The HSDPA
system that 1s specified by 3GPP exploits multiuser diversity
in several ways:
the amount of error correcting coding and modulation
applied may be varied between transmissions (adaptive
modulation and coding: AMC).
the scheduling function 1s located in the Node B: this
network element has a shorter round trip delay to the UE
than the RNC which 1s where the scheduling function 1s
classically located. The Node B may attempt to always
choose users to schedule that are experiencing favour-
able channel conditions.
the UE reports channel quality directly to the Node B,
allowing the Node B to make scheduling decisions based
on channel quality.
The principle of operation of multi-user diversity and adap-
tive modulation and coding are shown in FIG. 2. In this figure,

the following are shown: the signal strengths 210 and 220 at
two UEs (UE1 and UE2) respectively, the Node B choice of

which UE to serve and the eflective data rate that the Node B
1s able to serve the chosen UE with (it will be noted that the
Node B varies this data rate by varying the modulation and
coding to the UE).

It will be noted that in general there will be many UEs that
the Node B may potentially service and the Node B may
schedule several of these many UEs at anyone time 1nstant.
However, the principle of operation will remain: the Node B
will attempt to service those UEs with the most favourable
channel conditions and will attempt to service UEs with the
greatest possible data rate.

3GPP have specified HSDPA both for the FDD and for the

TDD mode. In both modes of operation, there 1s a mechanism

by which channel quality estimates are fed back from the UE
to the Node B.

In FDD, a dedicated channel exists that runs continuously
in the uplink and the downlink. The UE makes measurements
on the downlink channel and reports these measurements
continuously in the uplink (where the reporting period 1s
specified by the network). This system has the advantage that
the Node B 1s continuously updated with channel quality so
information from the UE. The disadvantage with this system
1s that these dedicated channels need to be maintained: these
dedicated channels consume scarce power and code
resources.

In TDD, there 1s no requirement for a dedicated channel (in
the sense that any dedicated channel that 1s maintained by the
network serves no purpose in the functioning of HSDPA and
may be configured to consume an insignificant amount of

physical resources 1n any case). When data-bearing resources
(HS-DSCH) are allocated in TDD HSDPA, a shared uplink

channel (HS-SICH) 1s automatically allocated. This uplink
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channel carries an acknowledgement of the HS-DSCH and a
channel quality indication. The advantage of this system 1s
that a resource-consuming dedicated channel does not need to
be maintained. The disadvantage 1s that channel quality infor-
mation 1s recerved by the scheduler in the Node B only inire-
quently.

The TDD method of channel quality information reporting,
can work well with certain tratfic models and allocation strat-
egies. Namely, when a streaming traific model 1s used, each
UE will be continually allocated with a resource (and the
Node B will continually recerve channel quality reports).
However, 1t should be noted that a streaming traific model 1s
not ideally suited to exploitation of multi-user diversity (since
a minimum “drip-feed” of allocation 1s required in order to
maintain the stream).

A strategy that could be adopted by the Node B to gain
channel quality information 1s for the Node B to explicitly
request a channel quality report from the UE. This channel
quality request message may be small and thus have an insig-
nificant impact on overall system throughput. The Node B
may use the returned channel quality reports to gain multi-
user diversity benelits by employing adaptive modulation and
coding, fast scheduling and other techniques previously
referred to.

The TDD HSDPA cycle 1s 1llustrated in FIG. 3. This figure
shows the relationship between the channels that are used 1n
the TDD HSDPA cycle: HS-SCCH (High Speed Shared Con-
trol Channel), HS-DSCH (High Speed Downlink Shared
Channel) and HS-SICH (High Speed Shared Information
Channel). The Node B transmits an HS-SCCH packet 310
containing allocation information such as number of codes
and timeslots, modulation scheme, HARQ process 1D etc.
The Node B subsequently transmits an HS-DSCH packet 320
consisting of one or more physical channels; these physical
channels carry user data 1n the form of higher layer, or MAC-

hs (Medium Access Control for HS-DSCH), SDUs (Service
Data Units). The UE responds to the HS-DSCH transmission
with an HS-SICH packet 330. The HS-SICH carries an indi-
cation of the success, or otherwise, of the HS-DSCH trans-
mission and a channel quality report. The Node B uses the
information returned in the HS-SICH for the purposes of
scheduling for the following HSDPA cycle beginning with a
subsequent HS-SCCH packet 340.

An HSDPA UE contains memory for the implementation
of hybrid ARQ (where retransmissions are combined with
initial transmissions). This memory 1s commonly referred to
as HARQ buffer memory. The total amount of memory that is
implemented by the UE 1s signalled by the UE to the network
as a UE capability. The network can signal the UE to partition
this memory between a number of hybrid AR(Q processes.
The network may wish to partition this memory to allow
pipelining of data transmissions to the UE (the implementa-
tion of multiple HARQ processes 1s a well known technique
in HSDPA to those skilled 1n the art). The memory may be
partitioned into equal or unequal amounts. The Node B sig-
nals to the UE whether data should be added mto this memory
or whether data should overwrite this memory. Data 1s nor-
mally added into the memory when there 1s a retransmaission.
Data normally overwrites this memory when either a data
block 1s correctly recerved or the Node B aborts a transmis-
s1on (for example, 1f a maximum number of attempts at send-
ing a data block has been reached or exceeded).

FI1G. 4 shows pipelined operation using 2 HARQ processes
in the time domain 1n the case where the Node B schedules the
UE 1n consecutive frames. Two transmission frames 410 and
420 are shown 1n this figure, but 1t will be understood that
HSDPA operation 1s continuous and frames will be transmiut-
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ted both before and after the frames illustrated 1n this figure.
As shown 1n this figure, the Node B sends allocation infor-

mation to the UE 1n the HS-SCCH. An HS-DSCH 1s subse-
quently sent to the UE. An ACK/NACK (ACKnowledge/No
ACKnowledge) report 1s sent 1n the HS-SICH report related
to the aforementioned HS-SCCH. The channel quality infor-
mation (CQI) transmitted in the HSSICH 1s based on the
HS-DSCH resource that occurred just prior to the HS-SICH.
The detailed timing and rules relating HS-SCCH, HS-DSCH
and HS-SICH will be understood by those skilled 1n the art. It
1s to be noted that this figure shows “classical” HSDPA opera-
tion where UE HARQ builer memory 1s partitioned equally
into several HARQ processes (in this case two) and these
HARQ processes are used for transmission of user data.

FIG. 5 shows HSDPA operation when there 1s not data to be
transmitted 1n consecutive frames. A single HARQ process
510 1s shown 1n this figure. It should be noted that 1n the case
that there are not consecutive HS-DSCH allocations and
when there are two HARQ processes active, the channel
quality information returned 1n the HS-SICH packet relates to
an earlier HS-DSCH than that shown in FIG. 4. The timing
relationships between HS-SCCH, HS-DSCH and HS-SICH
will be well understood by those skilled 1n the art.

FIG. 6 shows the higher level architectural operation of
HSDPA. This figure shows the network side and UE side
entities (610 and 620 respectively). The network consists of
an RNC 630 and a Node B 640. The RNC 630 has Radio
Resource Control (RRC), Radio Link Control (RLC) and
Medium Access Control (MAC) layers. The RNC 630 and
Node B 640 are connected by an interface. The RNC 630
controls operation of the Node B 640 and UE 620 with control
information. Control information 1s sent to the Node B 630
using the known ‘Node B application part” (NBAP) protocol.
Control information 1s sent to the UE using the known ‘Radio
Resource Control” (RRC) protocol. The RNC 630 sends
MAC-hs SDDs to the Node B 640. The MAChs 6350 1n the
Node B recetves MAC-hs SDDs, schedules UEs, chooses
modulation and coding for HS-DSCH and transmits MAC-hs
PDDs (protocol data units) to the UE 620 via the HS-DSCH.
The Node B 640 also transmits allocation information to the
UE 620 with the HS-SCCH (shared control channel for HS-
DSCH) and receives channel quality information and suc-
cess/Tailure (ACK/NACK) reports from the UE on the HS-
SICH (shared information channel for HS-DSCH). The UE
receives HS-DSCH transmissions 1n the HARQ process (660
or 670) that was specified by the HS-SCCH. The recerved
data 1s transmitted as a set of MAC-hs SDUs to higher layers
in the UE: Medium Access Control (MAC), Radio Link Con-
trol (RLC) and Radio Resource Control (RRC). Following,
higher layer processing, the user data in the MAC-hs SDUSs 1s
sent to an application that may either be internal or external to
the UE. Note that 1n general, the user data referred to above
may consist of application data, upper layer control data or
other data.

Methods for explicitly requesting channel quality informa-
tion reports from the UE have been previously proposed.
However, these previously proposed methods of requesting
channel quality information require amendments to the 3GPP
standards and do not propose how these channel quality infor-
mation requests would be scheduled by the Node B or how the
UE would derive the channel quality information that is to be
returned to the UE.

As will be explained 1n further detail below, some embodi-
ments of the present invention may provide a scheme
whereby channel quality information requests may be made
by the Node B scheduler 1n a standards compliant manner and
may provide procedures that the Node B scheduler can use to
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schedule these channel quality information requests. In this
scheme the Node B scheduler implements requests for chan-
nel quality information from the UE by transmission of an
allocation message that signals an amount of physical
resource and subsequent transmission of that physical
resource; zero information bits are transmitted on the physi-
cal resource. There are various methods of implementing this
functionality within the scope of the invention and some of
these are described below as methods 1, 2, 3, 4 and 5 regard-
ing partitioning of the UE HARQ buffer memory, signalling
of the allocation message and transmission of zero informa-
tion bits. Common aspects are described initially. Subse-
quently, the unique aspects of methods 1, 2, 3, 4 and 5 are
described.

Aspects of embodiments of the invention relating specifi-
cally to scheduling are described 1n the Scheduling Aspects
section below.

Common Aspects

Referring now to FIG. 7, in the embodiment the network
partitions the UE HARQ buflfer memory 710 into a set of
partitions 720 and 730 for transmission of user data and a
partition 740 for channel quality information requests. This
contrasts with the prior art scheme, shown in FIG. 8, 1n which
UE HARQ builer memory 810 1s partitioned only between a
set of partitions 820 and 830 for transmission of user data. In
FIG. 7 the amount of UE buffer memory 710 that 1s required
for CQI requests 1s small compared to the amount of buffer
memory that 1s used for user data partitions 720 and 730. It
will be understood that, i1 desired, more than one partition
could be used for channel quality information requests.

In the scheme of an embodiment of the invention, when the
network requires a channel quality information report, it
sends a resource allocation for a traffic data message. Spe-
cifically, a Node B sends an allocation message that signals
the UE to use the small HARQ butler memory partition 740.
The base station subsequently sends the traiffic data message
which may be an empty data block. The empty data block that
1s subsequently transmitted by the Node B 1s stored tempo-
rarily by the UE 1n this small partition 740. The UE responds
with a channel quality information report and an ACK/NACK
report on the transmitted block (1indicating whether the empty
data block was received correctly or not). Thus, the UE trans-
mits a channel quality information message in response to
receiving the traffic data message. In the new scheme, the
Node B then aborts transmission of the data block into the
small HARQ) partition. The Node B uses the channel quality
information report and may use the state of the ACK/NACK
field for the purposes of scheduling future transmissions into
the larger UE memory partitions 720 and 730.

The steps undertaken by the Node B 1n order to request a
channel quality report in accordance with an embodiment of
the invention are 1llustrated 1n FIG. 9. At step 910, a MAC-hs
header 1s created, and a transport block 1s filled with data or
padding. At step 920, the Node B signals to the UE that the
existing CQI request process (that occupies the CQI request
partition described previously) 1s to be aborted when the UE
receives the HSSCCH, by toggling the new data indicator
(NDI) bit which (as will be appreciated by one of ordinary
skill 1n this art) 1s transmitted 1n the HS-SCCH. Abortion of
the existing CQI request process ensures that the CQI request
that 1s being scheduled by the Node B overwrites the CQI
request partition rather than combines into the CQI request
partition. At step 930, the HS-SCCH packet 1s transmitted
indicating the physical resource to be used for CQI measure-
ment. At step 940, the HS-DSCH packet1s encoded according
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to parameters transmitted in the HSSCCH. At step 950, the
HS-SICH packet 1s recetved and the CQI 1s decoded there-
from.

If channel conditions are poor (since the UE 1s 1n a fade), 1t
1s possible that the allocation message (transmitted on the
HS-SCCH) may not be received by the UE. In this case, the
UE will not respond to the Node B with a channel quality
information and ACK/NACK report (on the HS-SICH chan-
nel). The Node B treats the case where an HS-SICH 1s not
returned by the UE as an indication of poor channel quality at
the UE (and may thus elect to not schedule data transmissions
to the UE).

In the described embodiments, a data traffic message 1s
transmitted on the HS-DSCH which causes the UE to trans-
mita CQI message. However, in accordance with the embodi-
ments the HS-DSCH message does not have data which
should be delivered to the higher layers. Thus, 1n contrast to
the prior art, where HS-DSCH messages carry data for higher
layers, the HS-DSCH message of the herein described
embodiments does not cause the UE to deliver any data to the
higher layers. This may be achieved 1n a number of different
ways including methods 1 to 5 as described below. Specifi-
cally, an indication that substantially no data should be deliv-
ered to a higher layer by the UE may be transmitted to the UE.
This imndication may be an explicit indication or may be an
implicit indication. Thus the indication may explicit data of a
message indicating that no data should be delivered to a
higher layer or may for example be a characteristic or feature
of the HS-DSCH ftraffic data message and/or the HS-SCCH
allocation message which directly or indirectly results i no
data being delivered to higher layers from the physical layer.

In some embodiments, higher layers may be layers above
the physical layer. In some embodiments, higher layers may
be layers higher than the MAC layer (the layer comprising the
MAC functionality). In some embodiments, higher layers
may e.g. be the MAC layer and layers above the MAC layer.

Specific methods of transmitting indications that substan-
tially no data should be delivered to a higher layer are
described in the following.

Method 1

In Method 1, the allocation message (on HS-SCCH {for the
case of HSDPA) relates to physical resource (HS-DSCH 1n
the case of HSDPA) that 1s subsequently transmaitted.

The header for the data packet transmitted on the physical
resource (1n the case of HSDPA, the MAC-hs header in the
HS-DSCH transport block) indicates that no higher layer
packets are to be transmitted in the data packet (in the case of
HSDPA, no MAC-hs SDUs are to be transmitted 1in the MAC-
hs PDU). This 1s done 1n order to ensure that higher layer data
packets are not forwarded to higher layers as a consequence
of CQI requests. Hence, in accordance with this exemplary
method, a specific an explicit indication 1s transmuitted.

FIG. 10 shows the format of the data packet 1010 trans-
mitted 1 a Method 1 CQI request (it will be understood by
those skilled 1n the art that this figure relates to the portion of
the transmit transport channel processing chain prior to chan-
nel coding). It will be understood that fields of the data packet
1010 are those normally used in 3GPP HSDPA ; however, 1n
the presently described embodiment of the invention 1t should
be noted that the N field (the number of MAC-d PDUs) 1020
indicates ‘0’. This 1s included in the MAC-hs header.
Method 2

In Method 2, the allocation message (on HS-SCCH for the
case ol HSDPA) relates to physical resource (HS-DSCH 1n
the case of HSDPA) that 1s subsequently transmitted. In con-
trast to Method 1, 1n Method 2 an incorrect CRC 1s always
transmitted. The data packet may either contain data or pad-
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ding: 1n either case, the incorrect CRC will ensure that any
data packets that are transmitted are not forwarded to higher
layers. An 1mcorrect CRC may be ensured by addition of a
constant to the correct CRC or by a multiplicity of other
means that are well understood by those skilled 1n the art.
Hence, 1 accordance with this exemplary embodiment,
incorrect verification data 1s transmitted. This causes an error
condition 1n the physical layer of the UE which results 1n data
of the data packet not being fed to a higher layer.

Method 3

In Method 3, the allocation message (on HS-SCCH for the
case of HSDPA) relates to physical resource (HS-DSCH 1n
the case of HSDPA) that 1s subsequently transmitted. In con-
trast to Method 1 and Method 2, the coding rate that 1s applied
on the physical resource (HS-DSCH 1n the case of HSDPA) 1s
greater than unity. This coding rate 1s signalled either implic-
itly or explicitly by the allocation message (in HSDPA, the
coding rate 1s implicitly signalled by the transport block size,
amount ol physical resource and modulation that are sig-
nalled on the HS-SCCH). Either padding or valid data may be
transmitted on the physical resource (in either case, the pay-
load of the physical resource will never be sent up to higher
layers since a coding rate of greater than unity always leads to
a CRC decoding error at the recerver [even 11 the CRC 1s not
corrupted at the transmitter as per method 2]).
Method 4

In Method 4, the allocation message (on HS-SCCH for the
case of HSDPA) relates to physical resource (HS-DSCH 1n
the case of HSDPA) that 1s subsequently transmitted. In con-
trast to Methods 1, 2 and 3, the allocation message signals a
memory partition with an identifier that 1s greater than the
maximum configured by the network. In this method, the
network does not utilize a small memory partition as per
methods 1, 2 and 3 and described in the “common aspects™,
however the procedure of FIG. 9 1s implemented. In this case,
the UE will not store the recerved HS-DSCH signals within its
HARQ butier memory (however a channel quality indication
and ACK/NACK report will still be generated by the UE).
Method 5

In Method 3, the allocation message (on HS-SCCH for the
case of HSDPA) relates to physical resource (HS-DSCH 1n
the case of HSDPA) that 1s subsequently transmitted. In con-
trast to Methods 1, 2, 3 and 4, the HS-SCCH explicitly signals
a CQI request message. Such signaling can be achieved by the
use of a previously unused (not previously assigned, 1.¢.,
standardized by 3GPP) HS-SCCH message. An example cod-
ing of “CQI request” 1n the HSSCCH message 1s to code the
“transport block size” i the HS-SCCH message as NULL
(the ‘all zero’ codeword). When the UE receives an HS-
SCCH with a transport block size of NULL, 1t will respond
with a channel quality indication 1n an HS-SICH. The channel
quality indication 1s based on the HS-DSCH resource sig-
nalled on the HS-SCCH. Alternatively, the channel quality
report may be based on the HS-SCCH or the beacon function.
The resource to which the channel quality indication relates
will be known a prioni between the Node B and the UE.

It will be understood that the Methods 1, 2, 3,4 and 5 may
be combined 1n various permutations (for instance method 1
can be combined with method 2 such that no higher layer data
1s transmitted on the physical resource and an incorrect CRC
1s carried on the physical resource).
Scheduling Aspects

There are two sets of scheduling decisions that the Node B
may make 1n the above described embodiments. Firstly, the
Node B may schedule channel quality information requests
(there must be an algorithm to decide to which UEs channel

quality information requests are to be sent). There may also be
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an algorithm to decide on which UEs to schedule based on
channel quality information returned from the UEs and other
information (such as amount of pending data for each UE).
There are various algorithms that may be used to schedule
CQI requests. Example algorithms for CQI requests are:
round robin: the Node B prionitises UEs according to time
since last CQI report (those UEs from which a CQI
report has not been received recently are prioritised over
those that have recently reported CQI).
round robin for UEs with data pending: round robin CQI
request scheduling 1s performed only for those UEs that
have pending data to transmut.

proportional fair scheduling: the Node B prioritises UEs to

schedule for CQI requests based on a metric that 1s a
function of multiple parameters. As an example, a pro-
portional fair metric can be derived based on time since
last CQI request, amount of data pending and result of
previous CQI request.

channel: the Node B prioritises CQI requests to UEs that

experience a channel that the Node B can exploit for
multi-user diversity purposes. For example, the Node B
can prioritise CQI requests to UEs that are in pedestrian
channels over UEs that are either in static or high speed
channels (the Node B can track the fading profile of a
pedestrian channel but not that of a high speed channel,
thus there 1s more utility 1n the Node B gaining channel
quality information from UEs 1n pedestrian channels).

response to multi-user diversity techniques: the Node B

prioritises CQI requests to UEs that have been shown to
benefit from multi-user diversity techmiques (for
instance, the Node B can monitor the throughput
achieved to a UE when scheduling decisions are made
based on mstantaneous CQI reports and when decisions
are made on averaged CQI reports and those UEs that
show a greater throughput when instantaneous CQI
reports are used can be prioritised for CQI requests over
UEs that show no throughput increase when 1nstanta-
neous CQI reports are used).

mixed: a mixture of the above CQI request scheduling

algorithms (for example, UEs are prioritised for CQI
requests according to a round robin with data pending
algorithm; UEs 1n pedestrian channels are priontised
over UEs 1n non-fading or high speed channels).

The Node B may use the channel quality mmformation
solely to decide on when to schedule certain UEs in prefer-
ence to other UEs. In this case, the Node B may make a
conservative allocation to the UE when transmaitting user data
(to ensure that the user data1s correctly recerved). Subsequent
allocations based on CQI indications on user data may be
more aggressive. The Node B may elect to adopt this strategy
when the CQI requests are performed on physical resources
other than the physical resources actually used to transmit the
user data.

Alternatively, the UE may use the channel quality infor-
mation to decide on when to schedule certain UEs and to
make aggressive allocations to those UEs. The Node B may
clect to adopt this strategy when either the CQI request 1s
performed on physical resources that are used for transmis-
sion of user data or when the Node B believes that the inter-
ference on each physical resource 1s not correlated to the
timeslot or code of that physical resource.

The sequence of steps that the Node B may take when
scheduling UEs 1s shown 1n FIG. 11. At step 1110, the Node

B first schedules UEs that are to carry user data (this sched-

[ 1

uling may be based on earlier CQI reports from the UE
received by the Node B). At step 1120, the Node B then

schedules other UEs with CQI requests. At step 1130, based
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on scheduling decisions, the Node B transmits the allocation
information to each allocated UE via the HS~SCCH chan-
nels. At step 1140, the Node B subsequently transmits HS-
DSCH resources to the UEs as signalled 1n the HS-SCCH
channels. These HS-DSCH resources either carry headers
and user data or headers and padding (according to which of
methods 1, 2,3, 4 and 5 are employed by the Node B). The UE
responds to the Node B with a channel quality indication and
an ACK/NACK result on the HS-SICH channel, and at step
1150 the Node B receives the HS-SICH and decodes the
channel quality information and ACK/NACK field. The Node
B subsequently uses the channel quality information for sub-
sequent scheduling decisions (1.e. the process continues at the
top of the figure).

Embodiments

In practice an embodiment of the mvention may be based
on a 3G (3" Generation) TDD Node B. This Node B forms
part of a 3G cellular network and services multiple UEs. The
Node B transmits and receives signals from one or several
antennas to which 1t 1s attached. The Node B 1s positioned at
a cell site.

The Node B implements the TDD HSDPA feature as speci-
fied by 3GPP. The Node B schedules UEs in priority order

according to a proportional fair scheduling algorithm. The
proportional fair scheduling metric 1s a function of the
amount of data pending for transmission to that UE, a list of
times that the UE has been scheduled at previously and the
channel quality at the UE.

The Node B gains channel quality information on the
HSSICH channel. Channel quality information 1s thus
returned to the Node B either as a consequence of allocation
of user-data bearing HS-DSCH resources or as a consequence
of the Node B sending a CQI request to the UE.

The Node B partitions the UE HARQ builer memory to
provide large partitions for HARQ processes that shall
receive transmissions containing user data and a small parti-
tion for HARQ processes that are to be used for CQI requests
functionality.

The Node B sends CQI requests to UEs by sending an
HSSCCH indicating that no higher layer transport blocks are
to be transmitted to the UE 1n the HS-DSCH and 1ndicating
that the small HARQ builer memory partition is to be used.

Each time that the Node B sends a channel quality request to
a UE on the small HARQ buifer memory partition, 1t toggles
the state of the new data indicator bit for that UE (a new data
indicator bit 1s maintained for each HARQ process for each
UE). This new data indicator bit 1s toggled in order to abort
previous CQI requests.

The Node B forms a MAC-hs PDD consisting of a MAC-hs
header and padding. This MAC-hs PDU 1s transmitted on the
HS-DSCH physical resources that were indicated in the pre-
vious HS-SCCH. The Node B ensures an incorrect CRC on
the HS-DSCH by firstly forming the correct CRC and then
inverting the logical sense of each CRC bit on the HS-DSCH.
The mverted CRC 1s transmitted as opposed to the correct
CRC.

I1 the Node B does not receive an HS-SICH 1n response to
the HS-SCCH/HS-DSCH paitr, it notes that the channel qual-
ity for that UE 1s poor. If the Node B receives an HS-SICH, 1t
stores the channel quality report from that UE for the pur-
poses of future scheduling.

The Node B schedules CQI requests to UEs that are 1n low
speed channels. UEs are scheduled for CQI requests 1n a
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round robin fashion. Only those UEs with pending data for
transmission and in low speed channels are scheduled for CQI
requests.

The Node B schedules user data transmissions on HS-
DSCH to UEs on the basis of channel quality information
reports that are returned on HS-SICH. The Node Buses both
channel quality information reports that are associated with
user data on HS-DSCH and channel quality information
reports that are associated with CQI requests.

It will be understood that the scheme for HSDPA schedul-
ing 1n a communication system described above may provide
the following advantages singly or 1n any combination:

The base station 1s able to effectively exploit multi-user
diversity by scheduling users experiencing good chan-
nel conditions 1n preference to users with inferior chan-
nel conditions.

The base station 1s able to make optimal choices of modu-
lation and channel coding rate to apply to each UE based
on recent channel quality reports.

Cell throughput (the number of information bits that are
transmitted per second) 1s increased in heavily loaded
s1tuations.

Packet call throughput (the ratio of number of bits trans-
mitted to a UE 1n a packet call and the time taken to
transmit those bits) 1s increased when the base station
serves a given number of UEs.

The number of UEs that can be supported at a given packet
call throughput is increased.

The specific advantages of methods 1, 2, 3, 4 and 3 are:

Method 1 has the advantage that the UE may use the state
of the CRC (correct or incorrect) 1n order to adjust the
value of the CQI report that it generates as a function of
the block error rate.

Method 2 has the advantage that contents of MAC-hs
PDDs are not delivered to the main MAC entity in the
UE. This reduces the computational overhead in the UE
and ensures that complications do not arise due to UEs
that do not correctly handle reception of MAC-hs PDDs
that carry zero MAC-hs SDDs.

Method 3 has the advantage that contents of MAC-hs
PDDs are not delivered to the main MAC entity in the
UE (as per method 2) and that any closed-loop system 1n
the UE for mapping CQI report to block error rate 1s not
corrupted.

Method 4 has the advantage that all of the memory 1mple-

mented in the UE 1s available for reception and decoding
of user data.

Method 5 has the advantage that the CQI request 1s explicit,
but has the disadvantage that it 1s not backwards com-
patible with earlier generation UEs.

Methods 1, 2, 3 and 4 can be implemented solely 1n the base
station and do not require changes to the mobile equip-
ment. This allows base stations to be upgraded with the
CQI request functionality without an operator having to
upgrade mobile equipment previously deployed in the
field.

It will be appreciated that the scheme for HSDPA commu-
nication described above may be carried out in software run-
ning on processors (not shown) 1n a Node B and UF, and that
the software may be provided as computer program elements
carried on any suitable data carriers (also not shown) such as
magnetic or optical computer discs.

It will be also be appreciated that the scheme for HSDPA
communication described above may alternatively be carried
out in hardware, for example 1n the form of integrated circuits
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(not shown) such as FPGAs (Field Programmable Gate
Arrays) or ASICs (Application Specific Integrated Circuits)
in the Node B and UE.

It will further be understood that although the preferred
embodiments have been described above 1n the context of a
3GPP UTRA TDD wireless system, the invention 1s not lim-
ited to thus application and may be used in any suitable com-
munication system including any communication system
employing HSDPA.

Although the present invention has been described 1n con-
nection with specific embodiments, it 1s not imtended to be
limited to the specific form set forth herein. Rather, the scope
of the present invention 1s limited only by the accompanying
claims. 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 a feature may appear to be
described 1 connection with a particular embodiment, one
skilled 1n the art would recognize that various features of the
described embodiments may be combined 1n accordance with
the invention. It follows that although individual features may
be included in different claims, these may possibly be advan-
tageously combined, and the inclusion in different claims
does not 1imply that a combination of features 1s not feasible
and/or advantageous. Specifically, features included 1n
dependent claims to one independent claim may also be com-
bined with features of another independent claim. Also, fea-
tures of dependent claims to an independent claim of a first
claim category may also be combined with features and 1inde-
pendent claims of a different claim category. In addition,
singular references do not exclude a plurality. Thus refer-
ences to “a”, “an”, “first”, “second” etc do not preclude a
plurality.

What 1s claimed 1s:

1. A method for HSDPA communication between a base
station and a plurality of remote stations 1n a communication
system, the method comprising, at the base station:

transmitting a first message for allocating a resource to the

plurality of remote stations in order to receive channel
quality information therefrom, wherein at least one
remote station of the plurality of remote stations
includes a hybrid automatic retransmission request
buffer memory partitioned into a plurality of blocks of
which at least one 1s used to generate the channel quality
information;

transmitting a second message for the allocated resource,

the second message containing substantially no data that
1s to be delivered to communication layers higher than a
physical layer; and

using the recerved channel quality information, the channel

quality information based on the transmission of the
second message, to control the HSDPA communication.

2. The method of claim 1 wherein using the recerved chan-
nel quality information to control the FISDPA communica-
tion comprises at least one of a-c:

a. scheduling the HSDPA communication with the plural-

ity of remote stations,

b. determining channel coding for the HSDPA communi-

cation with the plurality of remote stations,

c. determining modulation to be applied to the HSDPA

communication with the plurality of remote stations.

3. The method of claim 1 wherein transmitting a first mes-
sage for allocating a resource comprises transmitting a data
packet to the remote stations, and

wherein the data packet contains no higher layer packets.




US RE44,662 E

15

4. The method of claim 3 wherein the data packet 1s a high
speed downlink shared channel packet.

5. The method of claim 1 wherein transmitting the first
message for allocating a resource comprises transmitting a
data packet to the remote stations, and wherein the data packet
includes an incorrect cyclic redundancy check.

6. The method of claim 1 wherein transmitting the first
message for allocating a resource comprises transmitting a
data packet to the remote stations, and wherein the coding rate
of the data packet 1s greater than unity.

7. The method of claim 1 wherein transmitting the first
message for allocating a resource comprises an invalid hybrid
automatic retransmission request process in an allocation
message to the remote stations.

8. The method of claim 1 wherein the channel quality
information 1s a response message comprising a high speed
shared information channel packet.

9. The method of claim 1 further comprising aborting
transmissions to the channel quality immformation message
partition.

10. The method of claim 1 further comprising determining
poor channel quality 11 there 1s no response from a remote
station after transmitting the second message.

11. The method of claim 1 wherein the first message to
allocate a resource to a remote stations 1s scheduled 1n order
to receive channel quality information therefrom.

12. The method of claim 11 wherein the first message 1s
scheduled 1n a round robin fashion.

13. The method of claim 12 wherein the first message 1s
scheduled 1n a round robin fashion only when the base station
has pending data to be transmitted to those remote stations.

14. The method of claim 11 wherein the first message 1s
scheduled using a proportional fair scheduling metric that
consists of a function of at least one of d-1:

d. time since last channel quality indication request,

¢. amount of pending data,

f. result of previous channel quality indication request.

15. The method of claim 11 wherein the first message 1s
scheduled based on known channel type at the remote sta-
tions.

16. The method of claim 11 wherein the first message 1s
scheduled based on priority to those remote stations that show
an 1increased throughput when instantaneous channel quality
reports are followed.

17. The method of claim 1 wherein allocating a resource
includes transmitting an allocation message 1n the form of a
channel quality indication request that has not previously
been standardized.

18. The method of claim 17 wherein the allocation message
contains a NULL transport block size.

19. The method of claim 18 wherein the channel quality
indication 1s a signal to noise ratio measurement.

20. The method of claim 18 wherein the channel quality
indication comprises at least one of transport block size and
modulation.

21. The method of claim 20 wherein the channel quality
indication comprises at least one of transport block size and
modulation that could be supported on the physical resources
signaled 1n the allocation message.

22. The method of claim 17 wherein the channel quality
indication 1s based on physical resources signaled 1n the allo-
cation message.

23. The method of claim 17 wherein the channel quality
indication 1s based on channel quality experienced on the
physical resources carrying the allocation message.

24. The method of claim 17 wherein the channel quality
indication 1s based on a broadcast signal.
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25. The method of claim 17 wherein the channel quality
indication 1s based on a beacon signal.

26. The method of claim I wherein the system comprises a
3GPP UMTS system.

27. The method of claim 26 wherein the 3GPP UMTS

system comprises a TDD system.

28. A non-transitory computer-readable storage medium
encoded with program code for performing the method of
claim 1.

29. The non-transitory computer-readable storage medium
encoded with program code of claim 28 wherein using the
received channel quality information to control the HSDPA
communication of the method comprises at least one of a-c:

a. scheduling the HSUPA communication with the plural-

ity of remote stations,

b. determining channel coding for the HSDPA communi-

cation with the plurality of remote stations,

¢. determining modulation to be applied to the HSDPA

communication with the plurality of remote stations.

30. The non-transitory computer-readable storage medium
encoded with program code of claim 28 wherein allocating a
resource of the method comprises the base station transmit-
ting to the remote stations a data packet,

wherein the base station signals to the remote stations that

the data packet contains no higher layer packets.

31. The non-transitory computer-readable storage medium
encoded with program code of claim 28 wherein allocating a
resource of the method comprises the base station transmit-
ting to the remote stations a data packet, and wherein the data
packet includes an incorrect cyclic redundancy check.

32. The non-transitory computer-readable storage medium
encoded with program code of claim 28 wherein allocating a
resource of the method comprises the base station transmit-
ting to the remote stations a data packet, and the coding rate of
the data packet 1s greater than unity.

33. The non-transitory computer-readable storage medium
encoded with program code of claim 28 wherein allocating a
resource ol the method comprises the base station transmit-
ting to the remote stations an 1invalid hybrid automatic retrans-
mission request process in an allocation message.

34. The non-transitory computer-readable storage medium
encoded with program code of claim 28 wherein allocating a
resource of the method comprises the base station transmit-
ting to the remote stations an allocation message which
explicitly signals a channel quality indication request.

35. A base station for HSDPA communication with a plu-
rality of remote stations 1n a communication system, the base
station comprising;

means for transmitting a first message to the plurality of

remote stations for allocating a resource in order to
receive channel quality information therefrom, wherein
at least one remote station of the plurality of remote
stations 1ncludes a hybrid automatic retransmission
request buller memory partitioned into a plurality of
blocks of which one supports generation of the channel
quality information;

means for transmitting a second message for the allocated

resource, the second message containing substantially
no data that 1s to be delivered to communication layers
higher than a physical layer;

means for receiving channel quality information from the

remote stations, the channel quality information based
on the transmission of the second message; and

means for using the received channel quality information

to control the HSDPA communication.




US RE44,662 E

17

36. The remote station of claim 35 further comprising
means for aborting transmissions to the partitioned block
which supports the channel quality information.

37. A method of determining channel propagation infor-
mation associated with a communication service including a
base station and a plurality of remote stations 1n a cellular
communication system, the method comprising:

transmitting a resource allocation for a traffic data message

from a base station to a remote station, the tratfic data
message being operable to cause a channel quality infor-
mation message to be transmitted from the remote sta-
tion, wherein the remote station includes a hybrid auto-
matic retransmission request butfer memory partitioned
into a plurality of blocks of which one supports genera-
tion of the channel quality information;

transmitting the traific data message to the remote station;

receiving the channel quality information message from

the remote station; and

transmitting an indication that substantially no data should

be delivered to a layer higher than a physical layer by the
remote station in response to receiving the traific data
message.

38. The method claimed 1n claim 37 wherein transmitting,
the traific data message uses a retransmission request process;
and the method further comprises aborting the transmission

of the traflic data message.

39. The method claimed 1n claim 37 wherein the resource
allocation comprises the indication.

40. The method claimed 1n claim 37 wherein the commu-
nication service 1s an HSDPA communication service.

41. The method claimed 1n claim 40 wherein the tratfic data
message 1s a high speed downlink shared channel packet
traific data message.

42. The method claimed in claim 40 wherein the traffic data
message 1s an HSDPA resource allocation message.

43. The method claimed 1n claim 37 wherein the resource
allocation message comprises indication data indicating that
no data should be delivered to the higher layer.

44. The method chimed 1n claim 43 wherein the resource
allocation message comprises an indication of an invalid
retransmission request process.

45. The method claimed 1n claim 37 wherein the tratfic data
message comprises the indication.

46. The method claimed 1n claim 45 wherein the indication
1s a characteristic of the traflic data message which causes an
error condition 1n the physical layer of the UE.

47. The method claimed 1n claim 45 wherein the indication
comprises mcorrect verification data.

48. The method claimed 1n claim 45 wherein the indication
comprises a coding rate of the traffic data message higher than
unity.

49. The method claimed in claim 37 further comprising
scheduling a resource in response to the channel quality infor-
mation.

50. The method of claim 37 wherein the system comprises

a 3GPP UMTS system.

51. The method of claim 50 wherein the 3GPP UMTS
system comprises a TDD system.

52. An apparatus for determining channel propagation
information associated with a communication service in a
cellular communication system, the apparatus comprising:

an allocation controller for generating a resource allocation

for a traffic data message;

a traflic controller for generating the traflic data message

being operable to cause a channel quality information
message to be transmitted from a remote station;
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a transmitter for transmitting the resource allocation and
the traffic data message from a base station to a plurality
of remote stations, wherein at least one remote station of
the plurality of remote stations 1includes a hybrid auto-
matic retransmission request buffer memory partitioned
into a plurality of blocks of which at least one 1s used to
generate the channel quality information; and

a recerwver for recerving the channel quality information
message from at least one remote station of the plurality
of remote stations, wherein the transmitter 1s configured
to transmit an indication that substantially no data
should be delivered to a layer higher than a physical
layer by the remote station in response to recerving the
traffic data message.

53. A base station for downlink packet access communica-
tion with a plurality of remote stations on a downlink shared
channel in a communication system, the base station com-
prising:

a controller configured to generate a first message contain-
ing a resource allocation of traffic data to at least one
remote station of the plurality of remote stations,
whevrein the first message explicitly includes a non-pevi-
odic channel quality information vequest in ovder for the
at least one vemote station to generate channel gquality
information on a downlink channel providing packet
access communication between the base station and the
vemote station, the vemote station employing a hybrid
automatic retransmissSion;

a transmitter configured to transmit the first message and
an indication of data resource to be used for generation
of the channel gquality information, the data resource
containing substantially no data that is to be delivered to
communication layers higher than a physical layer; and

a receiver configured to receive a second message provid-
ing the channel guality information and an acknowledg-
ment report data based on the hybrid automatic vetrans-
mission using the same uplink channel transmission
from the at least one remote station, the channel guality
information being generated based on the data resource
in response to the non-periodic channel quality infor-
mation request, to control the downlink packet access
communication.

54. A base station as claimed in claim 53, wherein the first

message for allocating the vesource comprises a traffic data

message to the remote station, which contains no higher layer
packets.

55. A base station as claimed in claim 54, wherein the
traffic data is transmitted on a downlink shared channel.

56. A base station as claimed in claim 53, wherein the first
message for allocating a resource comprises a traffic data
message which includes an incorrect cyclic vedundancy
check.

57. A base station as claimed in claim 53, wherein the first
message for allocating a resource comprises a traffic data
message, the coding rvate of the traffic data being greater than
unity.

58. A base station as claimed in claim 53, wherein the first
message for allocating a resource comprises an invalid
hvbrid automatic retransmission request process in an allo-
cation message to the vemote stations.

59. A base station as claimed in claim 53, wherein the
channel quality information is a vesponse message compris-
ing sharved channel information.

60. A base station as claimed in claim 53, wherein the at
least one vemote station includes a hybrid automatic vetrans-
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mission rvepeat buffer memory partitioned into a plurality of

blocks of which at least one is used to genevate the channel
quality information.

61. A base station as claimed in claim 60, wherein the base
station is configured

to transmit the traffic data to the vemote station, which is

storved in the at least one partition which is used to
generate the channel guality information,

to veceive in vesponse to the transmission of the traffic data

message the acknowledgement indication, and

to abort the transmission of the data traffic to the channel

quality information message partition in vesponse to a
NACK indication provided by the acknowledgement.

62. A base station as claimed in claim 53, comprising
determining poor channel quality if there is no response from
a remote station after transmitting the second message.

63. A base station as claimed in claim 53, whevein the first
message to allocate a resource to the remote station is sched-
uled in order to receive channel quality information there-
from.

64. A base station as claimed in claim 63, wherein the first
message is scheduled in a vound vobin fashion.

65. A base station as claimed in claim 64, wherein the first
message is scheduled in a vound vobin fashion only when the
base station has pending data to be transmitted to those
remote stations.

66. A base station as claimed in claim 63, wherein the first
message is scheduled using a proportional fairv scheduling
metric that consists of a function of at least one of:

time since last channel quality indication request,

amount of pending data,

result of previous channel guality indication request.

67/. A base station as claimed in claim 63, wherein the first
message is scheduled based on known channel type at the
remote stations.

68. A base station as claimed in claim 63, wherein the first
message is scheduled based on priority to those remote sta-
tions that show an increased throughput when instantaneous
channel guality veports are followed.

69. A base station as claimed in claim 53, wherein the
allocation message contains a NULL transport block size.

70. A base station as claimed in claim 53, wherein the
channel quality indication is a signal to noise ratio measure-
ment.

71. A base station as claimed in claim 70, wherein the
channel quality indication comprises at least one of transport
block size and modulation.

72. A base station as claimed in claim 53, wherein the
channel quality indication comprises at least one of transport
block size and modulation that could be supported on the
phvysical resources signaled in the allocation message.

73. A base station as claimed in claim 72, wherein the
channel quality indication is based on the physical vesources
signalled in the allocation message.

74. A base station as claimed in claim 53, wherein the
channel quality indication is based on the channel quality
experienced onthe physical resources carvving the allocation
message.

75. A base station as claimed in claim 53, wherein the
channel quality indication is based on a broadcast signal.

76. A base station as claimed in claim 53, wherein the
channel quality indication is based on a beacon signal.

77. A method for downlink packet access communication
on a shared downlink channel between a vemote station and a
base station in a communication system, the method compris-
ing, at the remote station.
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receiving a first message containing a rvesource allocation
of traffic data to the vemote station from the base station,
whevrein the first message explicitly includes a non-pevi-
odic channel quality information vequest in ovder for the
remote station to generate channel guality information
on a downlink channel providing packet access commu-
nication between the base station and the remote station,
the remote station emploving a hybrid automatic
retransmission;

receiving an indication of a characteristic of data resource
to be used for generation of the channel gquality infor-
mation, the data resource containing substantially no
data that is to be delivered to communication layers
higher than a physical layer;,

generating the channel quality information based on the

data rvesource in response to the non-periodic channel
quality information rvequest; and

transmitting a second message providing the channel gual-

ity information and acknowledgment report data based
on the hybrid automatic rvetransmission using the same
uplink channel transmission in ovder to enable the base
station to control the downlink packet access communi-
cation based on the channel quality information and the
acknowledgement rveport.

78. A method as claimed in claim 77, wherein the trans-
mitting the first message for allocating a vesource comprises
transmitting the traffic data to the remote station, the traffic
data containing no higher layer packets.

79. A method as claimed in claim 78, wherein the traffic
data is transmitted on a downlink shared channel.

80. A method as claimed in claim 77, whervein the first
message for allocating a vesource comprises the traffic data
which includes an incorrect cyclic vedundancy check.

81. A method as claimed in claim 77, whervein the first
message for allocating a resource comprises the traffic data,
the coding rate of the traffic data being greater than unity.

82. A method as claimed in claim 77, whervein the first
message for allocating a rvesource comprises an invalid
hybrid automatic retransmission request process in an allo-
cation message to the remote stations.

83. A method as claimed in claim 77, wherein the channel
quality information is a vesponse message comprising shared
channel information channel.

84. A method as claimed in claim 77, wherein the at least
one rvemote station includes a hybrid automatic vetransmis-
sion repeat buffer memory partitioned into a plurality of
blocks of which at least one is used to genervate the channel
quality information.

85. A method as claimed in claim 84, the method compris-
Ing

storing the traffic data in the at least one partition which is

used to generate the channel quality information, and
receiving at the base station in vesponse to the transmission
of the traffic data the acknowledgement, and

aborting the transmission of the traffic data to the channel

quality information message partition in vesponse to the
acknowledgement providing a NACK indication.

86. A method as claimed in claim 77, comprising determin-
ing poor channel quality if theve is no vesponse from a remote
station after transmitting the second message.

87. A method as claimed in claim 77, whervein the first
message to allocate a resource to the remote station is sched-
uled in ovder to veceive channel quality information there-

65 from.

88. A method as claimed in claim 87, whervein the first
message is scheduled in a vound rvobin fashion.
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89. A method as claimed in claim 88, wherein the first
message is scheduled in a vound vobin fashion only when the
base station has pending data to be transmitted to those
remote stations.

90. A method as claimed in claim 88, wherein the first
message is scheduled using a proportional fair scheduling
metric that consists of a function of at least one of:

time since last channel quality indication request,

amount of pending data,

result of previous channel guality indication request.

91. A method as claimed in claim 87, whervein the first
message is scheduled based on known channel type at the
remote stations.

92. A method as claimed in claim 87, whervein the first
message is scheduled based on priority to those remote sta-
tions that show an increased throughput when instantaneous
channel quality reports are followed.

93. A method as claimed in claim 77, wherein the alloca-
tion message contains a NULL transport block size.
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94. A method as claimed in claim 77, wherein the channel
quality indication is a signal to noise ratio measurement.

95. A method as claimed in claim 94, wherein the channel
quality indication comprises at least one of transport block
size and modulation.

96. A method as claimed in claim 94, wherein the channel
quality indication comprises at least one of transport block
size and modulation that could be supported on the physical

resources signaled in the allocation message.
97. A method as claimed in claim 96, wherein the channel

quality indication is based on the physical resources signaled
in the allocation message.

98. A method as claimed in claim 77, the channel quality
indication is based on the channel quality experienced on the
physical resources carrying the allocation message.

99. A method as claimed in claim 77, wherein the channel
quality indication is based on a broadcast signal.

100. A method as claimed in claim 77, wherein the channel
quality indication is based on a beacon signal.
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