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Packet-Scheduling and Shared Channel Transmission

In wireless communication systems employing packet-scheduling, at least part of the
air-interface resources are assigned dynamically to different users (mobile stations - MS
or user equipments - UE). Those dynamically allocated resources are typically mapped
to at least one Physical Uplink or Downlink Shared CHannel (PUSCH or PDSCH). A
PUSCH or PDSCH may for example have one of the following configurations:

- One or multiple codes in a CDMA (Code Division Multiple Access) system are

dynamically shared between multiple MS.

- One or multiple subcarriers (subbands) in an OFDMA (Orthogonal Frequency Division

Multiple Access) system are dynamically shared between multiple MS.

- Combinations of the above in an OFCDMA (Orthogonal Frequency Code Division
Multiplex Access) or a MC-CDMA (Multi Carrier-Code Division Multiple Access)

system are dynamically shared between multiple MS.

Fig. 1 shows a packet-scheduling system on a shared channel for systems with a single
shared data channel. A sub-frame (also referred to as a time slot) reflects the smallest
interval at which the scheduler (e.g. the Physical Layer or MAC Layer Scheduler)
performs the dynamic resource allocation (DRA). In Fig. 1, a TTI (transmission time
interval) equal to one sub-frame is assumed. Generally a TTI may span over multiple

sub-frames.
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fading, at a given time instant the scheduler can assign available resources (codes in
case of CDMA, subcarriers/subbands in case of OFDMA) to users having good channel

conditions in time domain scheduling.

Specifics of DRA and Shared Channel Transmission in OFDMA

Additionally to exploiting multi-user diversity in time domain by Time Domain Scheduling
(TDS), in OFDMA multi-user diversity can also be exploited in frequency domain by
Frequency Domain Scheduling (FDS). This is because the OFDM signal is in frequency
domain constructed out of multiple narrowband subcarriers (typically grouped into
subbands), which can be assigned dynamically to different users. By this, the frequency
selective channel properties due to multi-path propagation can be exploited to schedule
users on frequencies (subcarriers/subbands) on which they have a good channel quality

(multi-user diversity in frequency domain).

For practical reasons in an OFDMA system the bandwidth is divided into multiple
subbands, which consist out of multiple subcarriers. 1.e. the smallest unit on which a user
may be allocated would have a bandwidth of one subband and a duration of one slot or
one sub-frame (which may correspond to one or multiple OFDM symbols), which is
denoted as a resource block (RB). Typically, a subband consists of consecutive
subcarriers. However, in some cases it is desired to form a subband out of distributed
non-consecutive subcarriers. A scheduler may also allocate a user over multiple

consecutive or non-consecutive subbands and/or sub-frames.
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transmission, such as a Precoding Patrix Indicator (PMI) and a Rank Indicator (RI). Such
CQl, PMI, RI therefore should represent the conditions that are applicable to the

downlink transmission, i.e. from a base station to at least one terminal.

An example for a localized mode channel structure is shown in Fig. 2. In this example
neighboring resource blocks are assigned to four mobile stations (MS1 to MS4) in the
time domain and frequency domain. Each resource block consists of a portion for
carrying Layer 1 and/or Layer 2 control signaling (L1/L2 control signaling) and a portion
carrying the user data for the mobile stations.

Alternatively, the users may be allocated in a distributed mode (DM) as shown in Fig. 3.
In this configuration, a user (mobile station) is allocated on multiple resource blocks,
which are distributed over a range of resource blocks. In distributed mode a number of
different implementation options are possible. In the example shown in Fig. 3, a pair of
users (MSs 1/2 and MSs 3/4) shares the same resource blocks. Several further possible
exemplary implementation options may be found in 3GPP RAN WG#1 Tdoc R1-062089,
"Comparison between RB-level and Sub-carrier-level Distributed Transmission for
Shared Data Channel in E-UTRA Downlink", August 2006 (available at
http://www.3gpp.org and incorporated herein by reference).
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mechanisms for downlink and uplink data transmission are discussed below.
Downlink Data Transmission

Along with the downlink packet data transmission, in existing implementations using a
shared downlink channel, such as 3GPP-based High Speed Downlink Packet Access
(HSDPA), L1/L2 control signaling is typically transmitted on a separate physical (control)

channel.

This L1/L2 control signaling typically contains information on the physical resource(s) on
which the downlink data is transmitted (e.g. subcarriers or subcarrier blocks in case of
OFDM, codes in case of CDMA). This information allows the mobile station (receiver) to
identify the resources on which the data is transmitted. Another parameter in the control
signaling is the transport format used for the transmission of the downlink data.

Typically, there are several possibilities to indicate the transport format. For example, the
transport block (TB) size of the data (payload size, information bits size), the Modulation
and Coding Scheme (MCS) level, the Spectral Efficiency, the code rate, etc. may be
signaled to indicate the transport format (TF). This information (usually together with the
resource allocation) allows the mobile station (receiver) to identify the number of

information bits, the modulation scheme and the code rate in order to start the
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The table below (Table 1) illustrates an example of a L1/L2 control channel signal
structure for downlink scheduling as known from 3GPP TR 25.814 (see section 7.1.1.2.3
— FFS = for further study):

Field Size | Comment

Indicates the UE (or group of UEs)

ID (UE or group specific) [8-9] | for which the data transmission is
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S Indicates which (virtual) resource
S . . .
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- 2 Resource assignment FFS o
% 3 layer transmission) the UE(s) shall
© %’ demodulate.
(¢}
(22}
& The duration for which the
) ] assignment is valid, could also be
Duration of assignment 2-3

used to control the TTI or persistent
scheduling.




part of the L1/L2 signaling. This HARQ information typically indicates the

HARQ pr ocess

ARQ procews 200/18k87¢h the data i s nmapped,

i ndi cat or,
new
ver sijon. The
nobi ||e static
mat chi ng) ang
for denodul at
the UE | denti

nunber,

and-a
A

rl:u:\C\l an Inr const al | at

which allows the nobile station to identify the Hybrid

t he sequence npoipaPr2e/00292 dat a
allowing the mobile statioa to identify if the transmssionis a

PeroiceT

&t{kﬂ"? ﬁ%r?%dundancy

/,@fbrmlgu&h nmodul ati on con
ion). A further
ty (IIFID)fnr Ld

L1/ L2 control
used [t o k
signglinggdn
i nforfmadi @.

controlucltan

si gnal i ng. I n typical i
t ¢ redundang
&?ﬁ%"%d‘(% VEht ot her m
The table beI ow (Table 1
el signal structure for

si on and/ or

par arret e [

consg

ﬂ@ﬁa

int

mpl ene
Ly gheg
pbi T e
illu
Hownl i

A AL A L%} ATTU7T U1

Epntant gaperdsservthe el | s t he
DI M®/HS&H- f&lrn%ﬂa'sﬁﬁ%n%gr der

'on version is used (requir
neeletRQ i nformation is typid
bil ; :

NQRSK IS QA s64AAM: imcasmof
F’)é’tltpo ngﬁaﬁ%ﬁgloﬁoﬂﬁﬁtfﬂle

0O rea

nk thpduling as_known from

5 instdnees amayeb@nguiredf a L1/ 1

i on

at e-
ed
ally
he

2
3GPP

TR 25. 814%86
Uplink Datea T
signglingss
i nform t hem d
L1/ L2 control
trans
UE sh
of OF
shoul

ould tra

m Ssi ons.

e section 7.1 . 1 .2.3 -
ransm ssion Simlarly, a
provi ded on the downli nk
n the paranmeters for the
Raydoatksizei gnal is partl

It typically indicates
nsmt the data (e.g. sub
s in case of CDMA) and a

r uplink transm ssion Fu
rl ARO

riron hri

FFS =

to th
uplin
y sPm
the ph
carrief
trans
ther

so for

frderpretatibre cowld uid:p)end ableeg.1

iRl s BPRE ARURS o

Kntmdepof asvigied reseercei ulitsy

f d | Kk
5 HEOPRL Beess s MO ket
fraR$mRMARTUliRTle Mstarcesi N ¢

bort format the nobile stati
m?é/ h_elvqgﬂ"é@nt r oI i nf or mat i

L1/

2
t he

ch the
ase
on
on

may
nunbe

Cat. 3
(HARQ)

I_\I\\( I III UI ||u.l.

hEYDEAMNRSR n

process

Lh/
—T—SC ||yu||

equence num

If number

e\ dat al |
3

I O0€€eSsSSs

|u1 catt "ﬁye hybnd Aﬁb process

the current transmission is

addressing.

asynchronous
hybrid ARQ is
adopted

Redundancy

version

To support incremental
redundancy.

New data
indicator

To handle soft buffer clearing.

If
synchronous
hybrid ARQ is
adopted

Retransmission
sequence

number

Used to derive redundancy version
(to support incremental
redundancy) and ‘new data
indicator’ (to handle soft buffer
clearing).

Table 1

Uplink Data Transmission

Similarly, also for uplink transmissions, L1/L2 signaling is provided on the downlink to the

transmitters in order to inform them on the parameters for the uplink transmission.

Essentially, the L1/L2 control channel signal is partly similar to the one for downlink

transmissions. It typically indicates the physical resource(s) on which the UE should

transmit the data (e.g. subcarriers or subcarrier blocks in case of OFDM, codes in case

of CDMA) and a transport format the mobile station should use for uplink transmission.
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Another variant may be to additionally include power control information in the control
signaling or MIMO (multiple input - multiple output) related control information, such as
e.g. pre-coding information. In case of multi-codeword MIMO transmission transport
format and/or HARQ information for multiple code words may be included.

In case of uplink data transmission, part or all of the information listed above may be
signaled on uplink, instead of on the downlink. For example, the base station may only
define the physical resource(s) on which a given mobile station shall transmit.
Accordingly, the mobile station may select and signal the transport format, modulation
scheme and/or HARQ parameters on the uplink. Which parts of the L1/L2 control
information is signaled on the uplink and which proportion is signaled on the downlink is
typically a design issue and depends on the view how much control should be carried out
by the network and how much autonomy should be left to the mobile station.

The table below (Table 2) illustrates an example of a L1/L2 control channel signal
structure for uplink scheduling as known from 3GPP TR 25.814 (see section 7.1.1.2.3 —
FFS = for further study):

Field Size Comment

ID (UE or group specific) 8-9] Indicates the UE (or group of UEs)
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Table 2

Another, more recent suggestion of a L1/L2 control signaling structure for uplink and
downlink transmission may be found in 3GPP TSG-RAN WG1 #50 Tdoc. R1-073870,
“Notes from offline discussions on PDCCH contents”, August 2007, available at

http://www.3gpp.org and incorporated herein by reference.

As indicated above, L1/L2 control signaling has been defined for systems that are
already deployed to in different countries, such as for example, 3GPP HSDPA. For
details on 3GPP HSDPA it is therefore referred to 3GPP TS 25.308, “High Speed
Downlink Packet Access (HSDPA); Overall description; Stage 2°, version 7.4.0,
September 2007 (available at http://www.3gpp.org) and Harri Holma and Antti Toskala,
“WCDMA for UMTS, Radio Access For Third Generation Mobile Communications”, Third
Edition, John Wiley & Sons, Ltd., 2004, chapters 11.1 to 11.5, for further reading.

As described in section 4.6 of 3GPP TS 25.212, “Multiplexing and Channel Coding
(FDD"), version 7.6.0, September 2007 (available at http://www.3gpp.org), in HSDPA the
“Transport Format” (TF) (Transport-block size information (6 bits)), the “Redundancy and
Constellation Version” (RV/CV) (2 bits) and the “New Data Indicator’ (NDI) (1 bit) are



The tinme and frequency resources that can be used by the UE to report CQ,
PM, and R are controlled by the eNodeB. For spatial nultiplexing, as
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modulation”, the UE shall determine a Ri corresponding to the number of useful

transmission layers. For transmit diversity as given in the above-mentioned technical

specifications, Rl is equal to one.

CQl, PMI, and RI reporting is periodic or aperiodic. A UE transmits CQl, PMI, and RI
reporting on a Physical Uplink Control CHannel (PUCCH) for sub-frames with no
Physical Uplink Shared CHannel (PUSCH) allocation. A UE transmits CQl, PMI, and Rl
reporting on a PUSCH for those sub-frames with PUSCH allocation for

a) scheduled PUSCH transmissions with or without an associated scheduling grant

or
b) PUSCH transmissions with no UL-SCH (Uplink Shared Channel).

The CQI transmissions on PUCCH and PUSCH for various scheduling modes are
summarized in the following Table 3, which shows the physical channels for aperiodic or

periodic CQI reporting:

Scheduling Mode Periodic CQl reporting | Aperiodic CQIl reporting

channels channel

Frequency non-selective PUCCH PUSCH




same for transmtter-receiver configurations with and w thout precoding. A
UE is sem-statically configured by higher |layers to feed back CQ and PM
and corr espanadi/ngs7®l on the same PUSCH usi ng one of t heptCuolEposuong4eEpOrti ng
nodes given in Table 4 and descri bed el ow. Tabl e 4 Channel quality
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reference period ending z SIots befpgglefdne start of the first sTot 1n which
the reported CQ index is transmtted) and for which the transport bl ock
error probability would not exceed 0.1 .Table 5 Precoding Matrix |ndicator
(PM ) laegasgibotihy Resindic @nd apgripdisgerpding yyould pecy iB thergame sudniranse ofhe UE
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report PM based on the feedback nbodes descri bed above. Each PM val ue

cor r esppedediciPeriedigFRURMIRI Bepgrting UsingRUICH. 3. 4. 2. 3-1 or Table
6.3.4.2.3-2 of 3GPP TS 36.21 1: "Evolved Universal Terrestrial Radio Access
(EUTRA); Physical channels and nodul ation". For open-|oop spati al
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(CQ indicator trigger signal. The aperiodic CQI report size and message format is given by
the RRC (Radio Resource Control protocol). The minimum reporting interval for aperiodic
reporting of CQI and PMI and Rl is 1 sub-frame. The sub-band size for CQl shall be the

same for transmitter-receiver configurations with and without precoding.

r
I

A UE is semi-statically configured by higher layers to feed back CQl and PMI and
corresponding RI on the same PUSCH using one of the following reporting modes given

in Table 4 and described below:

PMI Feedback Type
No PMI
Single PMI Multiple PMI
'3
= Wideband
2 ideban
e Mode 1-2
£ (wideband CQl)
3
w
_ UE Selected
8 Mode 2-0 Mode 2-1 Mode 2-2
5 (subband CQl)
7]
o
o
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dependgase o an tnrestricted observation interval in time and frequency, the UE shall report

the highest tabulated CQI index, for which a single PDSCH sub-frame could be received

in a 2-slot downlink sub-frame (aligned, reference period ending z slots before the start
of the first slot in which the reported CQl index is transmitted) and for which the transport

block error probability would not exceed 0.1.

CQl index | modulation coding rate x efficiency
1024

0 out of range

1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 1.9141




One main aspect of the invention is to use a selected transport format for
CQ report in a predeterm ned reporting node just in selected conditions.
Mor e genewel2by/i3zss7eont rol channel signal from a base st atirap200/08e4er M nal
i s defined, which conprises a selecterd transport format, which is to be
used by the termnal fog user 1%%?: transnission jo,L,phe bpse station. The
transport format is|selectefl so that|it has a m pinuminpact on the system
The interpretation pf_the sbhlected tiranspaort forbmt by the term nal depends
on a CQ trigger sipgnalconpri®4@Min the 8ntrol [ cRBIARel | signal. One

enbodi nent of the ipvention|provides|f a nethod fof provid|ng control
signalling in a conprunitgati pn és@asmeny conpd7 si ng|t 382zt eps perforned by a
base station of thel communi gcation sylstem of genefating alcontrol channel

si gnal conprising aftTaESPO T shGRWEL[ and geecTanmel 3@GeE 11y i ndi cat or
trigger signal for friggering a transm ssion of & channe| quality indicator
by at | east one terp-rat—tot+the-paserstattopr—ant—trans tting the
generated control channgl S gr?g?Wo at | east onewt é"rs?h@na , Wherein said
transport format is|a predetermned fornat for uger dataltransm ssion by
the at |east one tefm fal tp tA8ABase st aBion anfl $d1¥ cpntrol channel
signal indicates a predeterrined node for reporting the ghannel quality

i ndicator to the bape sibati pn,s4@lerel n t hesschannel s¢e4v 1 {y i ndi cator
transmission is to pe triggered by tlhe at |east opne ternnal based on the
channel quality indrcator—tTTgger st gmat —ATotter enpodient of the

i nvention provides a nmethod for use in a conmunication system said nethod
conprising the steps perforned by a term nal of the communication system of
receiving, froma base station of thableddmunication system a frame of
physi cal radio resources conprising a control channel signal destined to
the termnal, wherein the control channel signal conprises a predeterm ned
transport format and a channel quality indicator trigger signal for
triggering a transm ssion of a channel quality indicator by the termnal to
t he baReecuding Matrintedicators(®M) definitjport format is a

For closed-loop spatial multiplexing transmission, precoding feedback is used for
channel dependent codebook based precoding and relies on UEs reporting precoding
matrix indicator (PMI). A UE shall report PMI based on the feedback modes described
above. Each PMI value corresponds to a codebook index given in Table 6.3.4.2.3-1 or
Table 6.3.4.2.3-2 of 3GPP TS 36.211: “Evolved Universal Terrestrial Radio Access (E-
UTRA); Physical channels and modulation”. For open-loop spatial multiplexing

transmission, PMI reporting is not supported.

As has been described above, the Physical Uplink Shared CHannel (PUSCH) may be
used to transmit an aperiodic CQI report, which may be triggered by a special bit (CQl
trigger) in the Physical Downlink Command Channel (PDCCH) grant. Usually, in case a
data buffer at the UE is non-empty, user data and CQI are multiplexed with each other.
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pr edet er mvoedoomasz4f or reporting the channel quality i ndicTatpesostoosbhe base
station, said nethod further conprisimg transmtting a channel quality
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12 4 434 1.69535 | Average Efficiency 0.42382813

13 4 490 1.9141 | from CQI table 0.47851563

14 4 553 2.1602 Average Efficiency 0.54003906

15 4 616 2.4063 | from CQlI table 0.6015625

16 4 658 2.5684 Average Efficiency 0.64257813

17 6 438 2.5684 | overlap 0.42773438

18 6 466 2.7305 | from CQI table 0.45507813

19 6 517 3.0264 Average Efficiency 0.50488281

20 6 567 3.3223 | from CQl table 0.55371094

21 6 616 3.6123 Average Efficiency 0.6015625

22 6 666 3.9023 | from CQl table 0.65039063

23 6 719 4.21285 | Average Efficiency 0.70214844

24 6 772 4.5234 | from CQI table 0.75390625

25 3 822 4.8193 | Average Efficiency 0.80273438

26 6 873 5.1152 | from CQI table 0.85253906

27 6 910 533495 | Average Efficiency 0.88867188

28 6 948 5.5547 | from CQI table 0.92578125

29 DL.: Implicit TBS signaling with QPSK  UL: Transmission using RV1

30 DL: Implicit TBS signaling with 160AM UL : Transmission using RV2

31 DL: Implicit TBS signaling with 64QAM UL: Transmission using RV3

In the Table 6 represented above, the MCS indexes 0 to 28 require an extra 2 bits for the
coding of the Redundancy Version (RV) on the Downlink (DL). For the Uplink (UL), the
RV parameter having the value 0 (RVO0) is implicitly used.

It is desirable to define a control signalling scheme, which allows to request a terminal to

transmit an aperiodic CQI report to a base station, wherein the report only contains CQI

information, i.e. without muitiplexing the CQI information with Uplink Shared CHannel

data, even in case the data buffer at the terminal is non-empty. In this way, the base
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embodi nent o e Invention provides a terminal, conprising receiving means
f or relegninahgre toraenpravidade station, a frane of phyS| cal radio resources
conpri si ng a control channel Si gnal desti ned to the termnal, wherein the
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predetermined reporting mode just in selected conditions. More generally, a control
channel signal from a base station to a terminal is defined, which comprises a selected
transport format, which is to be used by the terminal for user data transmission to the
base station. The transport format is selected so that it has a minimum impact on the
system. The interpretation of the selected transport format by the terminal depends on a

CQl trigger signal comprised in the control channel signal.

One embodiment of the invention provides a method for providing control signalling in a
communication system, comprising the steps performed by a base station of the
communication system of generating a control channel signal comprising a transport
format and a channel quality indicator trigger signal for triggering a transmission of a
channel quality indicator by at least one terminal to the base station, and transmitting the
generated control channel signal to at least one terminal, wherein said transport format is
a predetermined format for user data transmission by the at least one terminal to the
base station and said control channel signal indicates a predetermined mode for
reporting the channel quality indicator to the base station, wherein the channel quality
indicator transmission is to be triggered by the at least one terminal based on the
channel quality indicator trigger signal.
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data transmission.

According to a preferred embodiment of the invention, the indicated predetermined mode
for reporting the channel quality indicator is an aperiodic channel quality indicator
reporting mode, wherein the aperiodic channel quality indicator is to be transmitted by
the at least one terminal to the base station without multiplexing with user data.

According to an embodiment of the invention, the predetermined transport format
indicates a redundancy version parameter of a user data retransmission by the at least
one terminal, wherein the channel quality indicator transmission is to be triggered by the
at least one terminal for a predetermined value of the redundancy version parameter.

Preferentially, the predetermined value of the redundancy version parameter

corresponds to a redundancy version that is infrequently used for data retransmission.

According to another embodiment of the invention, the predetermined transport format is
selected among a plurality of transport formats having a same spectral efficiency.
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Another embodiment of the invention provides a base station, comprising generating
means for generating a control channel signal comprising a transport format and a
channel quality indicator trigger signal for triggering a transmission of a channel quality
indicator by at least one terminal to the base station, and transmitting means for
transmitting the generated control channel signal to at least one terminal, wherein said
transport format is a predetermined format for user data transmission by the at least one
terminal to the base station and said control channel signal indicates a predetermined
mode for reporting the channel quality indicator to the base station, wherein the channel
quality indicator transmission is to be triggered by the at least one terminal based on the
channel quality indicator trigger signal.

Another embodiment of the invention provides a terminal, comprising receiving means
for receiving, from a base station, a frame of physical radio resources comprising a
control channel signal destined to the terminal, wherein the control channel signal
comprises a predetermined transport format and a channel quality indicator trigger signal
for triggering a transmission of a channel quality indicator by the terminal to the base
station, wherein said transport format is a predetermined format for user data
transmission by the at least one terminal to the base station and said control channel
signal indicates a predetermined mode for reporting the channel quality indicator to the
base station, said terminal further comprising transmitting means for transmitting a
channel quality indicator to the base station using the indicated predetermined mode,
wherein the channel quality indicator transmission is triggered based on the channel

quality indicator trigger signal.
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assunedestipetieo the terminal, wherein the control channel signal comprlses a predetermlned
transport format and a channel quality indicator trigger signal for triggering a
transmission of a channel quality indicator by the terminal to the base station, wherein
said transport format is a predetermined format for user data transmission by the at least
one terminal to the base station and said control channel signal indicates a
predetermined mode for reporting the channel quality indicator to the base station, and
transmit a channel quality indicator to the base station using the indicated predetermined
mode, wherein the channel quality indicator transmission is triggered based on the

channel quality indicator trigger signal.

BRIEF DESCRIPTION OF THE FIGURES

In the following, the invention is described in more detail in reference to the attached
figures and drawings. Similar or corresponding details in the figures are marked with the

same reference numerals.

Fig. 1 shows an exemplary data transmission to users in an OFDMA system in
localized mode (LM) having a distributed mapping of L1/L2 control

signaling,
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under st andi ng. The actual content of the redundancy version may differ from

the The following paragraphs will describe various embodiments of the invention. For
exemplary purposes only, most of the embodiments are outlined in relation to an
(evolved) UMTS communication system according to the SAE/LTE discussed in the
Technical Background section above. It should be noted that the invention may be
advantageously used for example in connection with a mobile communication system
such as the SAE/LTE communication system previously described or in connection with
multi-carrier systems such as OFDM-based systems, but the invention is not limited to its
use in this particular exemplary communication network. In particular, the invention can
be implemented in any type of communication system comprising a base station and a
terminal, not necessarily a mobile terminal. For instance, a desktop PC with a UMTS/LTE
card may serve as a terminal. Alternatively, the terminal may be collocated within an

access station (static) for the last mile transmission using other than UMTS/LTE system.

Before discussing the various embodiments of the invention in further detail below, the
following paragraphs will give a brief overview on the meaning of several terms

frequently used herein and their interrelation and dependencies.

In general, the transport format (TF) in 3GPP defines the modulation and coding scheme
(MCS) and/or the transport block (TB) size, which is applied for the transmission of a
transport block and is, therefore, required for appropriate (de)modulation and (de)coding.
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station to a term nal ef1 ned, which conprises the predetermned
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trigger signal for triggering a

It should be also noted that in some embodiments of the invention, for retransmissions
the transport block size is typically known from the initial transmission. Therefore, the
transport format (MCS and/or TBS) information (even if the modulation and coding
scheme changes between transmissions) does not have to be signaled in
retransmissions, since the modulation and coding scheme can be determined from the
transport block size and the resource allocation size, which can be determined from the

resource allocation field.

A redundancy version denotes a set of encoded bits generated from a given transport
block, as shown in Fig. 4. In systems, where the code rate for the data transmission is
generated by a fixed rate encoder and a rate matching unit (e.g. in HSDPA of UMTS or
LTE systems), different redundancy versions are generated for a single transport block
(or protocol data unit) by selecting different sets of available encoded bits, where the set
size (number of selected bits) depends on the actual code rate (CR) for the data
transmission. In case the actual code rate for a transmission (or retransmission) is higher
than the encoder rate, a redundancy version is constructed out of a subset of encoded
bits. In case the actual code rate for a transmission (or retransmission) is lower than the
encoder rate, a redundancy version is typically constructed out of all encoded bits with
selected bits being repeated. It should be noted that the figure is simplified for easier
understanding. The actual content of the redundancy version may differ from the
depicted case. For example, RVO may contain only part of or all systematic bits as well



transm ssion of a CQ by the termnal. The interpretation of the selected
transport format by the term nal depends on the status of one or nore CQ
trigger bwO=0éwm3site CQ trigger signal conprised in thePcomre@b/octannel
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the T ol|wsRobd¥icdifaEpretbing o use for good exploitation of the physical resource, and
a CQI suggests basically an MCS or TBS as mentioned previously to the same end.
Therefore, it should be obvious to those skilled in the art that any following description of
the invention with respect to CQI can be easily adapted mutatis mutandis to be used for
PMI, or combinations thereof or with other information.

A main idea of the invention relies on using a predetermined transport format for
signalizing the CQl-only reporting mode only in selected conditions. Accordingly, a
control channel signal from a base station to a terminal is defined, which comprises the

predetermined transport format.

The control channel signal further comprises a CQIl trigger signal for triggering a
transmission of a CQI by the terminal. The interpretation of the selected transport format
by the terminal depends on the status of one or more CQI trigger bits in the CQlI trigger
signal comprised in the control channel signal. In case the CQI trigger signal indicates to
the terminal to transmit a CQIl report and the value of transport format parameter
corresponds to the predetermined value, the terminal interprets this combination as a
command to transmit such CQl in the predetermined mode, i.e. here the CQI-only mode,
to the base station. If, on the other hand, the value of transport format parameter does
not correspond to the predetermined value, even if CQI trigger is set, the terminal will

interpret the CQI trigger as well as the transport format parameter in their usual meaning.
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reporting mode, wherein the aperiodic channel quality indicator is to be transmitted by
the terminal to the base station without multiplexing with user data. This thus allows for

signalling to the terminal to transmit a so-called “CQl-only” report to the base station.

A preferred embodiment of the invention will be described in the following by referring to

the MCS entries illustrated in the example of Table 6.

Since the CQI report is present in uplink only, the MCS table entries 29-31 shown in Fig.
6 are used for signalling the redundancy version (RV) of a retransmission. Usually,
without a grant for a retransmission, the ordered sequence of RV parameters for
transmissions is established to achieve the best decoding performance using the least
number of transmissions. For LTE/SAE, said ordered sequence has been established as
RV = {0, 2, 3, 1}, since the use of the RV parameters 2 and 3 before using the RV
parameter 1 has a better performance. As a result, the RV parameter 1 is usually the
least frequently used RV value, and consequently RV1 is the least frequently used

redundancy version.
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trigger signal is signalled and the RVis set to 1 (corresponding to MCS

i ndex ViikUe soimn?dtizednd thé follaving Madle Pf whesd theepredessmined transpart tanmtal | er
t han or ual to 10 In case the nunber of assigned resource blocks is

I argersqlﬁaﬁd 1~°Otheé\0§§ qniryt CQ trigger signal is signalled, the terninal
will not transmt a CQ-only but will transmt the CQ report along with

mul ti pl exed data, using, for exanple, the redundancy version paraneter
having a val ue.of 1 Furthermore a UE experijenci ng good channel
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UL with CQI Trigger: CQl-only transmission (=no data)
UL without CQI Trigger: Transmission using RV1

DL: Implicit TBS signaling with 16QAM UL: Transmission using RV2
DL.: Implicit TBS signaling with 64QAM UL: Transmission using RV3

30
31

Table 7

The basic idea of the invention is further extensible by using other conditional parameter
values additionally to the transport format (e.g. MCS index) and CQI trigger. This enables

even higher efficiency of resource utilization.
A further embodiment of the invention will now be described in the following.

The control channel signal contains information on resource blocks used for the
transmission from the terminal to the base station on the PUCCH. The transmission of
the channel quality indicator CQl using the predetermined mode defined above is to be
triggered by the terminal only in case the information on the resource blocks indicates a
number of resource blocks that is smaller or equal to a predetermined resource block

number.

Indeed, the signalling of CQl-only mode is advantageous for small resource block
assignments, since the coding rate for large resource block assignments CQl-only would
become unnecessarily low. Hence, according to this embodiment of the invention, the
terminal shall transmit a CQI without multiplexing with user data only for a small number

of resource block assignments.



flexibility for those cases by interpreting such a signal as neaning
CQ -only. Consequently, it may be preferable to use the cases where a
nunber ofwBeseuss®4Bl ocks are allocated to a term nal greatereoovheriza
predeterm ned threshold Resource Bl oc val ue and an MCS value that is

oi 11 ci Bhcerae ERE Bisanieronc ooy for BRI BARIBE Ry AR afEihar  ve
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two traRsRRy bthef VaREould Se chbsen iRg@18S Signalizing the nodul ation and
codi ng conbl nation, in the exanple of Table 9, that have an identical
spectral efficiency. Table 9As apparent from Table 9, the MCS entries 9 and
10 have an identical spectral efficiency of 1.3262. Further, the MCS
entries 16 and 17 each have the sane spectral efficiency of 2.5684. Such
overl apprMgsRIET{ES (T TErME Of SPECT Tmdkprémaenl CI ENCY) _al € 10T €5€€en,] Si nce a
hi gher mdfdé?tlm SCh?UE Ls_Iore b%geﬁafom(meriBﬁ. -a_frequency-selectiv
envi ronfrent 4{ see 'IRANTY obhi s R 1-0731 05 "Downlink Link
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PR B o e s oy e Ao
transm $si on of AL windegeITdgyst: T@EMissoepsgRVW t hout nultiplexed data js nore
advant ageoudP f or | sirmhplicit rEsSALHISitIs0ak uasSsdngiaEeNkisgRvaher e t he channel is
rather {lat 31 Henggy. ki MeSigRilghwin 484N @B EthiniGorausiki @B er - or der nodul af i on
schene with the sane spectral efficiency as an MCS entry representing a
| ower spectral efficiency should be replaced. For exanple, with respect to
Tabl e 6, the respective "upper” MCS entry, i.e. 10 or 17, should be
repl aced. The transm ssion of a CQT%EHOO#t with nmultiplexed data costs
Upl i nk data redundancy. In order to N pl ex data and CQ, sone redundancy
that is added for the data part by

As apparent from Table 8, the transmission of a CQl-only is triggered by the terminal
only when the CQI trigger signal is signalled and the RV is set to 1 (corresponding to
MCS index value of 29) and if the number of assigned resource blocks is smaller than or
equal to 10. In case the number of assigned resource blocks is larger than 10, even if the
CQl trigger signal is signalled, the terminal will not transmit a CQIl-only but will transmit
the CQI report along with multiplexed data, using, for example, the redundancy version

parameter having a value of 1.

Furthermore, a UE experiencing good channel conditions, i.e. being assigned a large
MCS, is likely to be allocated a lot of Resource Blocks, so that it is preferable to not lose
flexibility for those cases by interpreting such a signal as meaning CQl-only.
Consequently, it may be preferable to use the cases where a number of Resource
Blocks are allocated to a terminal greater than a predetermined threshold Resource
Block value and an MCS value that is representing a spectral efficiency below a
predetermined MCS or spectral efficiency threshold value to signal a CQIl-only

transmission.



means of forward error correction coding has to be taken out to nake room
for the CQ. Qobviously, the nore redundancy is added, the easier and |ess
not abl e iwoi200913537ake out a few bits for the to-be-nmult ipprereeGid422 The
“upper” entries have nore redundancy Mo offer than the "lower", so it is

| ess || keI

vlLawer [y _can. SUppor | tinl exi wth
data € E\éé'?ﬁql"ﬁ emhmgmer“ér?zqhﬁéag‘?"%ﬁe&@d’a‘%"&rBf%ﬁ[F%&ﬁ%&& g}ecﬁvgovﬁ&oég'coul d
be Smiiéfémng hemanlead, whichginsteadrof using me%detbmmedm\a peeametewbtu'ephadi ng
cq coul ralse{')1 g{gsultln codln rate for Evge dat a above 1 Ir’%ﬁ [
not  suPteferalilv; her BiYdventan dTaPPeRR. fu4se et 9 $ta8 RO JOIMRtSr it Shas
to be Tn@@?é@glgngmufﬁg R hfbdufitidht arld) céding WoRiBMdtont imfeTeramplR dfTables,for
the data, sinCe recei ver cannot reconstruct he whol e data fromthe
recei vibat haveaamein@ﬁal spestrakeffieieneyy MCS entry that of fers nore redundancy
than another MCS entry is preferably replaced to be used for a CQ-only
transm ssion. Consequently, in relation to Table 6 the "l ower”™ MCS entries
9 or 16 can be advantageously replaced and used for the transm ssion of a

CQ report without nultiplexed data. Furthernore, the enbodi nent descri bed
Wi th respect to Table 8 can be applied and used in conbination with the

enbodi MM MESTHae PEO] W UIT T GoEGlatiohO_TaD! €] Yodine GFiali@ks _Prdridvkavy dex
val ue nmdy_be wsed inlconbination wih a O trigdep to si naol23t4he( -only
reportirngmndd As ahother example it mayl he heddficial | Oy 7acd an MCS
S Ai2 : - 18 0377 y gk
entry assacpaLedAM_Ln_a_uer_)Ls;;é-Ll—spasi—Lai—eu-péls-%n%& e 3 I ndex O
I n Tabl g—6— ri contpetton W a—set— SO rtoget st omal—ogtEgTgoe] a .
CQ -onl yfyTeporst. I pUCT @ Case, SINCE a VEry snakb spect|alo.&ddal cijency i s
replaced, _theeéloss fpr the systemin ternsl of how4tnich dafa ¢87not
transnitlted dince there is noXata to befaultipbéled wit —EREEOH s
negli gi fre—gAfphrer—ptternatveerbodirentof th%ﬂ—nvem—l—mﬁm%ﬁ-w be
present goer@ct ITEh oD | OW g by TEferring to] Tabl €619, Whi c[i, 13wszead of
using th pm hed RV paraneter, and
9 (UL with CQl CQl-only transmission (=no data)
trigger)
10 4 340 1.3262
11 4 378 1.4766
12 4 434 1.69535
13 4 490 1.9141
14 4 553 21602
15 4 616 2.4063
16 4 658 25684
17 6 438 2.5684
18 6 466 2.7305
19 6 517 3.0264
20 6 567 3.3223
21 6 616 3.6123
22 6 666 3.9023
23 6 719 421285
24 6 772 45234
25 6 822 48193
26 6 873 51152
27 6 910 533495
28 6 948 55547
29 DL: Implicit TBS signaling with QPSK
UL: Transmission using RV 1
30 DL: Implicit TBS signaling with 16QAM
UL: Transmission using RV2
31 DL: Implicit TBS signaling with 64QAM
UL: Transmission using RV3

Table 9



preferentially the RV1 entry, proposes to select a predeterm ned transport
format that is associated with a high code rate. Table 10l nstead of using

t he predevenmwess7RV paraneter, and preferentially the RUI/EPRa00pP2425
described in the enbodi nent above aresSMCS entry associ ated with a high code

Fapor tRp AposrenEG fole el hel MR TR RTESls AR5 hEFE ap eHiceP o irRielty
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expensive as already nentioned herein before. Conseq uentl\% Iaccordl n
&

this edBBHi RAN ?etme49k?1§§11r%$ﬂ 0%anDeealini Link Adapiation and Related ¢RMHP code

rate sg@lﬂamﬁ 3¢ e qetdiky 28 in Table 6 can be advantageously replaced and
used fo tra smtting a % report only without multiplexing with data.

Furthernore, the enbodi nent described wth rg@gect to Table 8 can be
appl i etherrtcanssussiom efoani independentt & Ql heeporh sdthavhimultplexed «dptaj ishmasgpect

to Tab h i @n,
par et Syariagrcls YGE ShEACSpttck BB oREARns WAL M8, ot REPUREE fat. e
pr ef erldanmea,léry MCe eritgnaalplreseg\tlo’g arlmghudqnéerdmmdu@ﬁbnrmneme \Mﬂhahmpl sEnef
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anot here Rﬂ:lédmibﬁéxampleawmﬁ hespeiOTaBRIB, thé rdsRective SuppePanNCSnentnhee. 10
S|gnalled g% usi ng mJItlpIe signals, e.g. in tinme or frequency domain. For

exanpl &, 1TesheridPe 1eRlaser tri gger in two consecutive sub-frames coul d
trigger a CQ-only report. As another exanple, assigning an MCS entry

23 E I gpgﬂ% gmtggneglo%fsaneq: r@poreWiithGhempexé @ datd e64ts WRlink HatPRERAUBAHE In
order to multiplex data and CQIl, some redundancy that is added for the data part by
means of forward error correction coding has to be taken out to make room for the CQlI.
Obviously, the more redundancy is added, the easier and less notable is it to take out a
few bits for the to-be-multiplexed CQI. The “upper”’ entries have more redundancy to
offer than the “lower”, so it is less likely that a “lower” entry can support multiplexing a
CQl report with data efficiently. In extreme cases, the added redundancy for the data
could be smaller than what is necessary for a CQl. In such a case, multiplexing CQl
could raise the resulting coding rate for the data above 1, since it is not sufficient to
remove added redundancy, but systematic information has to be removed. This would
result in an automatic transmission failure for the data, since the receiver cannot
reconstruct the whole data from the received information. Therefore, an MCS entry that
offers more redundancy than another MCS entry is preferably replaced to be used for a
CQl-only transmission. Consequently, in relation to Table 6 the “lower” MCS entries 9 or
16 can be advantageously replaced and used for the transmission of a CQl report
without multiplexed data.

Furthermore, the embodiment described with respect to Table 8 can be applied and used
in combination with the embodiment described with respect to Table 9.



used to trigger a CQ-only report. In another enbodinent, the MCS entry
replaced to trigger a CQ-only report in conjunction wwth a set CQ trigger
si gnal i sweehexisdt4dependi ng on different term nal capalpicirigpyomioesises.
General ly, a communi cation system supsorts different classes of term nal

capabi]ities. For | e ogne _term nal.s nma t S t.h r Mm.ssi on
of e el 4 VS TRk s aak BEsedss coRbitkba A ca i fifoqy 8 Vidhat
associ gheedQivohly Rportihg moden A%Chnmmwéxé}ﬂp@w mylml@bhyfdmml replatesan
Therefore, for such termnals a set trjgger signal 'ﬁg:rgc nct i n W th
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are preferably enployin of the ot hér enbodi nents described herein.In
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val ue CQatis negliggigjet i at ed bet ween both ends e.g. by other control

signalling. In the follow ng, the amendnents to the Hybrid Automatic Repeat

G+ onar Anotherles AR BB R ey o iR b BrstenlftFinihE 0Bl By
Erl ggefdfé‘rﬁn@ftoaT% tmlwhlbﬁ,pbfstg[afﬁf emetnfg tHeep%dSGﬂn‘flmedTﬁMmragameted find dat a
i ot PEIRSHAhE RLT BBk HERGSTIe OB STt sEH FARSHET forduat thal s

sumrég&@,at@ﬁﬂh adiigReBaé pste HARQ prot ocol operation according to the
i nvention will be deScribed. A Physical HARQ I ndi cator CHannel (PHI CH)

carrying ACK/ NACK messages for an Uplink data transm ssion may be

transmitt FO MESTRNESAE I TE mbadaiity Sl Cal__ IPOwdilin ke tiomeman]_oienrmey  |PDCCH
for the shnme tefmnal .| Wth such2similtaneofs transh ssion,] th@3¢ernj nal
foll ows what_thé PDCCH asks the Perminal toldo—i b57 nerfor nrso-3057
2 o2 T T T g3 P 0.377
3 2 251 0.4893
4 2 308 0.6016
5 2 379 0.7393
6 2 449 0.877
7 2 526 1.0264
8 2 602 1.1758
9 2 679 1.3262
10 4 340 1.3262
11 4 378 1.4766
12 4 434 1.69535
13 4 490 1.9141
14 4 553 2.1602
15 4 616 2.4063
16 4 658 2.5684
17 6 438 2.5684
18 6 466 2.7305
19 6 517 3.0264
20 6 567 3.3223
21 6 616 3.6123
22 6 666 3.9023
23 6 719 4.21285
24 6 772 4.5234
25 6 822 4.8193
26 6 873 5.1152
27 6 910 5.33495
28 (DL) 6 948 5.5547
28 (UL without 6 948 5.5547
CQl trigger)
28 (UL with CQl-only transmission (=no data)
cQl trigger)
29 DL: Implicit TBS signaling with QPSK
UL: Transmission using RV1
30 DL: Implicit TBS signaling with 16QAM
UL: Transmission using RV2
31 DL: Implicit TBS signaling with 64QAM
UL: Transmission using RV3

Table 10



a transmssion or a retransmssion (referred to as adaptive

retransm ssion), regardless of the PH CH content. When no PDCCH for the
term nal we @issi7ed, the PH CH content dictates the HARQrimebawioozp2 of the
termnal, which is sunmarized in the ¥70l | owi ng. NACK: the term nal perforns

a non-ad lve retransm ssion, | retransm ssion o | i nk
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nonadayith e Nigdt FeARs FAtEstush earthetM ﬁn'"t plle @ rant b aﬁ&ﬁé\?ﬂ&ﬂ\‘s'}ﬁf a

CQ - onjep|fRdtdM Gt ira érhm{g%ldm b56rt iyl Vitrldb rRARBReIAY with ddta ACK on the
PHI CH ve\ﬁbt hout a PDCCH. rT?le anended | P{Q prgt ocol operat)}q@% at thae t erm nal

is sunmarized in the follow ng Table 12: Table_12Next, the operation of t he

t r ansnt vithermere ithe esshadinentdnaenbed withHaspert ¢ Tablep £an ba@ppiied Apd used

in combination with the embodiment described with respect to Table 10.

In accordance with the present invention, also another parameter can be additionally set
to signal the desired CQlI reporting mode, preferentially the signalling of an independent
CQl report. Examples of other possible parameters could be, among others, an antenna
parameter (MIMO), a HARQ process number, a Constellation Number of a Modulation or

another parameter.

In another embodiment, a CQIl-only report may be signalled by using multiple signals,
e.g. in time or frequency domain. For example, setting the CQI trigger in two consecutive
sub-frames could trigger a CQl-only report. As another example, assigning an MCS entry
assigned with a low spectral efficiency to a terminal in consecutive sub-frames can be

used to trigger a CQl-only report.

In another embodiment, the MCS entry replaced to trigger a CQl-only report in
conjunction with a set CQlI trigger signal is selected depending on different terminal
capability classes. Generally, a communication system supports different classes of
terminal capabilities. For example, some terminals may not support the transmission of
64-QAM in the uplink. Consequently, for such terminals any MCS associated with a
modulation scheme of 64-QAM is usually meaningless. Therefore, for such terminals a
set CQI trigger signal in conjunction with an MCS entry which is not within the scope of
the terminal’'s capability can be used to trigger a CQl-only report. Terminals that support
the full scope are preferably employing any of the other embodiments described herein.



vari ous enbodi nents described herein and the receiver thereof wll be
described in further detail, thereby exenplarily relating to the case of
downl i nk weateow13ss73m ssi on. For exenpl ary purposes a nolpCirEPR@bIN0I4R2 as
exerrpl ified in Fig. 5 may be assuned.28The nobi|l e conmuni cati on system of

east Bride etels Eiporipatint sl Rl ARk E ol o AREEREhAA Muda o
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al so i di o Access
et wor & JXUNERRoRe SReRISatPRLo A AR ah S Coardintes Bateen LB SRS, by
functi QRar stiRSIREIRY. GGSN (Gat eway GPRS Support Node) and SGSN ( Serving
GPRS Support Nodg I n"today's 3G networks and RAN functions as for exanple

radi o resource control (RRC), header conpression, ciphering/inteqgri
pr ot ecni the. foflRwingasthe samendmenisatas dhe HybirideAutamatic Bﬁahéegi‘e%n&%‘%éb Node

Bs = ¢ Stlcﬁf)ndmd e d@ﬁﬁ\ﬂ%h g:gsthéscgn(?f I%@Hﬁélemgnallmg according to the

segnenta concat erati on l'ing an | 'ocat1 on of” resources,
mul ti piheekmtmg: witl berprgsentad. | ayer functi ons, but al so RRC functions, such as
outer ARQ For exenpl ary purposes only, the eNodeBs are illustrat ed to

contro . ' | d/ or
ot ner T EER e, FRBeFAE S o llonfy oSk uctts, P FARSCH U Pl 7 st

I (r)]gl caﬂlrarrsmnisgonehl the Usua hvay, ethenttdA&Q/ orpetartmnkgamﬂbenm} aseweb. Einst; dble dat a
channel .may be use muni.cat.i on .of user data _(.in r

dat a uffin e%ﬂ°tﬂ%ﬁ"f't9kﬂ§ﬁf§8Pe%\%H|'PrﬂP"8k VY'EE’ a?‘f'mmﬁg'ﬁq -@Qe eatr\/é@%%ﬁ%%l | e
st at i onARQRDIocHN Spdrasien stadidigsto(tadlirmleRsidn wilhbe deberited. channel may be for
exarrpl e a Physical Uplink or Downlink Shared CHannel (PUSCH or PDSCH) as

o R i SUEE, e Bane] TRl RETRG Sl Aok eRbag ol

layer pBRAUESESrATsNHSSBR rhady bk drandnilftediall thed same time as a Physical Downlink
Command CHannel PDCCH for the same terminal. With such simultaneous
transmission, the terminal follows what the PDCCH asks the terminal to do, i.e. performs
a transmission or a retransmission (referred to as adaptive retransmission), regardless of
the PHICH content. When no PDCCH for the terminal is detected, the PHICH content
dictates the HARQ behaviour of the terminal, which is summarized in the following.

NACK: the terminal performs a non-adaptive retransmission, i.e. a retransmission on the

same uplink resource as previously used by the same process

ACK: the terminal does not perform any Uplink (re)transmission and keeps the data in
the HARQ buffer for that HARQ process. A further transmission for that HARQ process
needs to be explicitly scheduled by a subsequent grant by PDCCH. Until the reception of

such grant, the terminal is in a “Suspension state”.

This is illustrated in the following Table 11:



The control channel signals/information may be transmtted on separate
(physical) control channels that are nmapped into the sane subfrane to which
t he assoowetzed@/mssem data (protocol data units) are nappedTmpre@poiae?
alternatively sent in a subframe precwding the one containing the

associ ated information. In one exanple, the nobile comunication systemis
a 3CGPP LTE system and the control channel signal is L1/L2 control channel
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part of a downli n contro (seiiveetransiissiel) nent of t he

i nvention rel ates to the i rrpl enent at i on o (elfansaiseion keppdele iNdB®Qvarli ous
enbodi ment's usi ng H¥dwar e |and é‘B?‘T war e bl’ffer?’?arpé)&gar'ﬁ'E%‘Hed[tﬂé??””ﬂ%e vari ous

retransms
ClL 1 .Ul III;‘U UDI II

I + b o H H =
enbodi nents o the ACIKCIIL HoH ||D|.)N uc P lﬂ cigpf“ve retraHsmlsg_grl ﬂﬂﬂﬂﬂﬂ

COITpUti ng deviees (PFOo€eSSofS o; r\ CGn’pU lllg teviCce—or—ptrocessor—may f or
exanpl e be general purpose processalra% qhgltal si gnal processors (DSP),
application specific integrated ci rénes (ASIC), field programmabl e gate
arrays (FPGA) or other programmble | ogic devices, etc. The various
enbodi Tﬁbeltlspl'mk HARQ rpretucobbetrayioat smrrbepcpmiirhg)rtueﬂheorecmﬂﬁodi efdab?D&ECH
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executed by a processor or directly in hardware. Al so a conbination of
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CD- ROVas Q}(@\C}@taﬁd stlhfﬂ ‘@%?enélén shiter. dheeaetfinafdbéahot perférat BRy IRk nal ,

nobi | e term nal and
(re)transmlssmn from the MAC point of view and keeps the data in the HARQ buffer, if

any data is pending for retransmission. A PDCCH at the next occurrence of the HARQ
process is then required to perform a retransmission or initial transmission, i.e. a non-
adaptive retransmission cannot follow. In this way, the behaviour of a CQl-only on the
PDCCH is treated by the UE in the same way as an ACK on the PHICH without a
PDCCH.

The amended HARQ protocol operation at the terminal is summarized in the following

Table 12:
HARQ feedback
seen by the UE PDCCH UE behaviour
(PHICH) seen by the UE
ACK or NACK New Transmission | New transmission according to PDCCH
. iti i P H
ACK or NACK Retransmission g?jtar\irt‘i\s/r:':g?ara\:ﬁsi;iliga; o PDCC
No (re)transmission, keep data in HARQ
ACK None buffer and a PDDCH is required to resume
retransmissions
NACK None Non-adaptive retransmission
No (re)transmission, keep data in HARQ
ACK or NACK “CQl-Only” buffer and a PDDCH is required to resume
retransmissions

Table 12



station are used as synonyns herein. A user equipnment (UE) may be
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station of the commnication system _ ) )
handle functions as for example segmentation/concatenation, scheduling and allocation

of resources, multiplexing and physical layer functions, but also RRC functions, such as
outer ARQ. For exemplary purposes only, the eNodeBs are illustrated to control only one
radio cell. Obviously, using beam-forming antennae and/or other techniques the

eNodeBs may also control several radio cells or logical radio cells.

In this exemplary network architecture, a shared data channel may be used for
communication of user data (in form or protocol data units) on uplink and/or downlink on
the air interface between mobile stations (UEs) and base stations (eNodeBs). This
shared channel may be for example a Physical Uplink or Downlink Shared CHannel
(PUSCH or PDSCH) as know in LTE systems. However, it is also possible that the
shared data channel and the associated control channels are mapped to the physical

layer resources as shown in Fig. 2 or Fig. 3.
9

The control channel signals/information may be transmitted on separate (physical)
control channels that are mapped into the same subframe to which the associated user
data (protocol data units) are mapped or may be alternatively sent in a subframe
preceding the one containing the associated information. In one example, the mobile
communication system is a 3GPP LTE system, and the control channel signal is L1/L2
control channel information (e.g. information on the Physical Downlink Control CHannel -
PDCCH). Respective L1/L2 control channel information for the different users (or groups
of users) may be mapped into a specific part of the shared uplink or downlink channel, as



generating a control channel signal conprising a transport format and a

channel quality indicator trigger signal for triggering a transm ssion of a
channel qwel2nddy13s37di cator by at | east one terminal to tlreThERs@osdmb: on, and
transmtting the generat ed control channel signal to at | east one term nal,

tr ansriveDiaril sPORE tarig ahh 3, irBed BEnG S cffing JEPheldH of FE aif@ichy
cont r Qlsefd RMBppsd Wthk ﬂrstcbarmmammtrﬁmxbeﬂrammedome for reporting the

channel quality indicator to the base station, wherein the channel quality
i ndi cator, transm ssion is to
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channel | ty | C | st ergln said
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signal indicates edeterm ed nmo orting the channel quality

i ndi cRVFOrME tq{@"%ﬁgﬁ\e‘gp\él?l% IRaf|og ‘ﬁé{‘?\% ?ﬁ??%er conprising transmtting

a channel quality indicator to the base station usi ng the indicated

pr edet pidRdretherarious whoRimenth ®f eteinehtion may also be implemented by means of
software modules, which are executed by a processor or directly in hardware. Also a
combination of software modules and a hardware implementation may be possible. The
software modules may be stored on any kind of computer readable storage media, for
example RAM, EPROM, EEPROM, flash memory, registers, hard disks, CD-ROM, DVD,

etc.

Furthermore, it should be noted that the terms terminal, mobile terminal, MS and mobile
station are used as synonyms herein. A user equipment (UE) may be considered one
example for a mobile station and refers to a mobile terminal for use in 3GPP-based
networks, such as LTE. Moreover, the terminal is not limited to a mobile station, it can
be, e.g., a PC card or a fixed access point of another system.

In the previous paragraphs various embodiments of the invention and variations thereof
have been described. It would be appreciated by a person skilled in the art that
numerous variations and/or modifications may be made to the present invention as
shown in the specific embodiments without departing from the spirit or scope of the

invention as broadly described.

It should be further noted that most of the embodiments have been outlined in relation to
a 3GPP-based communication system and the terminology used in the previous sections
mainly relates to the 3GPP terminology. However, the terminology and the description of
the various embodiments with respect to 3GPP-based architectures is not intended to
limit the principles and ideas of the inventions to such systems.



quality indicator transm ssion is triggered based on the channel quality

i ndi cator trigger signal.3. The nethod according to claim?2, further

conpri si ngo 2009/G8ze data are to be transnmitted by the tecwmradootozsbhe base
station, buffering said data upon rec®ption of said control channel si gnal
and wajting f r a signal fromthe ba efore r

a0 e defaled ePRaRIRE LD, B e 1 6oRicA HFacRiue FERPTIabRNE ate 1 ¢ ne
i ndi cahthdpd ety Nesiereadf e meestyt I3EPR F@er&mnreabn@min exbbameag or i s
an aperiodic channel quality indicator reporting wherein the

aper i odgseribpd hHgEgin Gﬂﬁlﬁhpykji 'i*FHltt?a'#'Eﬁerﬁ@og@sﬂﬁn'f'i*&ﬁﬁd“t"ﬁﬁﬂpfbip thedescribedist
one te t t p g

The metusic, thEleheRABRS of YbObstl aRl!ufithdrsP i mbblie eerffpuiRaon 2,
trans pmtwoﬂoNeefenhal&ssathesmrmanlumuarwcoypasedshemﬁmpaanbetreadw applieddn theit a

retran S| b a it i p n ty

i ndi ca$f§b??91§’%§ r#’essgﬂgﬁé‘lir%kq ﬁ%%ﬁ)'ﬂ‘?l glgéef“lrig E]Eub”d %}E%'Oﬁ Eatggctn%(}%e eF%&%l lt for
a predeft teninverttionamag 98 alsbereadily ndaady tlwerl.é‘ iIEDRADNcamenity disGusSetebyehdrod
accor d#g to claim5, wherein the predeterm ned val ue of the redundancy

ver si o ggr aneter corresponds to a redundancy version that is infrequently
used for data retransm ssion. 7. The nethod according to one of clains 1 to
4, wherein the predeterm ned transport format is selected anong a plurality
of transport formats having a sane spectral efficiency. 8. The nethod
according to one of clains 1 to 4, wherein the predeterm ned transport
format is selected anong a plurality of transport formats such that the

sel ected predeterm ned transport fornmat is associated with a code rate



that is equal to or larger than a predeterm ned code rate. 9. The nethod
according to one of clains 1 to 8, wherein the control channel signal

cont ai ns wof200ams5357@an on resource bl ocks used for the traosmps@wom422 om t he
at least one termnal to the base staion, and the transm ssion of the
channeél_ggﬁéi ty indicator using the predetermned node is to be triggered
only i said information on the resource bl ocks indicates a nunber of
resource bl ocks that is smaller or equal to a predeterm ned resource bl ock

nunber, 10. A base,station, cqonprising: generating pmeans for ner.at,l a
cont rol- channel S f%n?ff’}"glr@g CQ"FEE%W'{“% cﬁnﬁt C%'HH"“Q"’&%@H@%%E%I ity

i ndi cator tri ggmhprigittathef dolidwinggetdpsy performsd mbysiaorbase atatiwmnnefl theal ity
i ndicator by at least gne termnal to the base station, and transmtting

means for t r arRORHNIGatiemaYYeMer at ed control channel signal to at |east one
termnal, wherein said transport format is a predeterm ned format for user

data transm Ssqaiarmq e cahtrd| EasdnrRNSsid il N"éompridify therapapert foahaoanang said
control channel signal indicates a predeternm ned node for reporting . the
channel qual i t§hanngl eaebly tndicater biggerssignalofor tiggednd a H@nsrussiRN Qudl ity
i ndicator tra 1 SS| S | - t t 1 nal
based on the c ar??%' nghuli:tif1n€d§ﬂ/:a?cﬁdtf%%t?g$§t?ﬁegégﬁlhgll %ﬁg{e%%is%rﬁg ﬁg(gne station
according to claim 10, wherein the base station is adapted to execute the
met hod steps ofansmitting the generated cotrol thannelisigndl txat leastngng termipalr ecei vi ng
means for receiving, froma base station, a franme of physical radio

wherein said transport format is a predetermined format for user data
transmission by the at least one terminal to the base station and said control
channel signal indicates a predetermined mode for reporting the channel
quality indicator to the base station, wherein the channel quality indicator
transmission is to be triggered by the at least one terminal based on the

channel quality indicator trigger signal.

2. A method for use in a communication system, said method comprising the
following steps performed by a terminal of the communication system:

receiving, from a base station of the communication system, a frame of
physical radio resources comprising a control channel signal destined to the

terminal,

wherein the control channel signal comprises a predetermined transport
format and a channel quality indicator trigger signal for triggering a
transmission of a channel quality indicator by the terminal to the base station,
wherein said transport format is a predetermined format for user data
transmission by the at least one terminal to the base station and said control
channel signal indicates a predetermined mode for reporting the channel
quality indicator to the base station,

said method further comprising transmitting a channel quality indicator to the
base station using the indicated predetermined mode, wherein the channel
quality indicator ‘transmission is triggered based on the channel quality

indicator trigger signal.



resources conprising a control channel signal destined to the termnal,
wherein the control channel signal conprises a predeterm ned transport
format amsloaoohiasitel quality indicator trigger signal fecTirPRggerisny a
transm ssion of a channel quality indi4cator by the termnal to the base
station, wherepn said transport. for.mat s.a _predetermn r far.user
data tYansm s?h?)%"Wh?ci]gc%?rg‘ngat&a%'matzt E‘meﬁé’f’"}pé'sﬁ?e |rb§§%g ??g%hen%a‘% sai d
Cﬁnt ro: chalnnetkan?dngnedi deie:aémsingl v esetbakei statlomobefféring seidodaiangpoine
channel quality indicator to the base station, said. termnal further
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to the base stghfigperdrdfsuffing BEiCParniBsieAet erm ned node, wherein the
channel quality indicator transmssion is triggered based on the channel

quality indicator trigger si g_nal . 13. The term nal according to claim12,

whereif the tefhd MaethPd aergitiog 1o aneeofit@aiiife Tnde hdd Wheeps e Hiicaied
claims 3 to 9.JddgeRrmHEYhE4e g@gﬁggﬁgqﬁgb%ﬁﬁéﬁquﬁi lihdigatop & éh‘%f}éﬁ&ﬁct hat,

when executed on a processor > station, cause the base station to:
generate a conthavinet lypualityl ingiieptal repoerpng sinade a wheseispthe: aperipdic ahannel

channel quality indjcat 1 riqge | ot L ri : ] SH of a
channel qualit q“ﬁgnggctag#r '%Jbg{% {r%'iésrﬁ'ﬁghegyt @Frétdggat%@hegn%iaggég%éa??gﬁ, and
transmt the gstaggrawvithogtanditiplexinbawittelsexidatanl to at | east one termnal,
wherein said transport format is a predeterm ned format for user data

transnissi on the at | east.one term.nngl. to,the, base station d sai
controP- channe he.si”?ﬁl{g?d iaﬁ’&?r(géﬂgego Qnﬁr‘?afd‘g?'é‘?srﬁ1 n@d“’n’ﬁﬁgref"b?h? Qb%cfe??rﬁ@n?‘ﬁe
channel qual i tyardpdrcriremat imditdtes kasedFdahcp versibe rRiramebe ehanser dual ity
i ndicator transmssion is to be tri g?ered by the eﬁt] | east one term nal
based on the retransmission by the at least one terminal, wherein the channel quality
indicator transmission is to be triggered by the at least one terminal for a

predetermined value of the redundancy version parameter.

6. The method according to claim 5, wherein the predetermined value of the
redundancy version parameter corresponds to a redundancy version that is

infrequently used for data retransmission.

7. The method according to one of claims 1 to 4, wherein the predetermined
transport format is selected among a plurality of transport formats having a

same spectral efficiency.

8. The method according to one of claims 1 to 4, wherein the predetermined
transport format is selected among a plurality of transport formats such that
the selected predetermined transport format is associated with a code rate
that is equal to or larger than a predetermined code rate.

9. The method according to one of claims 1 to 8, wherein the control channel
signal contains information on resource blocks used for the transmission from
the at least one terminal to the base station, and the transmission of the
channel quality indicator using the predetermined mode is to be triggered only
in case said information on the resource blocks indicates a number of
resource blocks that is smaller or equal to a predetermined resource block

number.

10. A base station, comprising:



channel quality indicator trigger signal. 15. A conputer-readabl e nedium
for storing instructions that, when executed on a processor of a termnal,
cause t hewbenmwmai74t o: receive, froma base station, a Prameabopiigsi cal
radi o resources conprising a control ¥hannel signal destined to the

term nal, L@%&éﬁtﬁ}mgfrﬂ ér{so'f?rc(:d@ﬂ?ﬁ{nna QN Bhnt QMBI AmRS ﬁgrﬁ’éleggﬁmﬁﬁgb&eg

transport for anne i ndrcator “tT1 gger~ st gnia
triggering a ttramsporisformat ahd a dfmeehuaiuyallndrglatonﬁlggat signay fdriteiggexing aal to

t he base station, wherei ort, f t s predet.erm ned f or mat
for ueer data ERiaMRREE A BonpRLIAR BHsaRLRY atisatoBe e PARoGE 5288 aci on
and sai d contrghtighangel signal |nd| cates a predeterm ned node for
reporting the channel quality indicator to the base station, and transnit a

channel quality indicator to the base station using the i ndi cat ed
pr edet er m ned ittigemeans fodransayitiag ta%@PF?W‘?%8?'&%‘?'&“31’“‘%%9‘?%'5@&\ i s

triggered base@agtrb,{é“u@"gn%rrnel quality indicator trigger signal.

wherein said transport format is a predetermined format for user data
transmission by the at least one terminal to the base station and said control
channel signal indicates a predetermined mode for reporting the channel |
quality indicator to the base station, wherein the channel quality indicator
transmission is to be triggered by the at least one terminal based on the
channel quality indicator trigger signal.

11. The base station according to claim 10, wherein the base station is adapted
to execute the method steps of one of claims 3 to 9.

12. A terminal, comprising:

receiving means for receiving, from a base station, a frame of physical radio

resources comprising a control channel signal destined to the terminal,

wherein the control channel signal comprises a predetermined transport
format and a channel quality indicator trigger signal for triggering a
transmission of a channel quality indicator by the terminal to the base station,
wherein said transport format is a predetermined format for user data
transmission by the at least one terminal to the base station and said control
channel signal indicates a predetermined mode for reporting the channel
quality indicator to the base station,

said terminal further comprising transmitting means for transmitting a channel
quality indicator to the base station using the indicated predetermined mode,
wherein the channel quality indicator transmission is triggered based on the
channel quality indicator trigger signal.

13. The terminal according to claim 12, wherein the terminal is adapted to
execute the method steps of one of claims 3 to 9.



14.

15.
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A computer-readable medium for storing instructions that, when executed on
a processor of a base station, cause the base station to:

generate a control channel signal comprising a transport format and a
channel quality indicator trigger signal for triggering a transmission of a
channel quality indicator by at least one terminal to the base station, and

transmit the generated control channel signal to at least one terminal,

wherein said transport format is a predetermined format for user data
transmission by the at least one terminal to the base station and said control
channel signal indicates a predetermined mode for reporting the channel
quality indicator to the base station, wherein the channel quality indicator
transmission is to be triggered by the at least one terminal based on the
channel quality indicator trigger signal.

A computer-readable medium for storing instructions that, when executed on

a processor of a terminal, cause the terminal to:

receive, from a base station, a frame of physical radio resources comprising a

control channel signal destined to the terminal,

wherein the control channel signal comprises a predetermined transport
format and a channel quality indicator trigger signal for triggering a
transmission of a channel quality indicator by the terminal to the base station,
wherein said transport format is a predetermined format for user data
transmission by the at least one terminal to the base station and said control
channel signal indicates a predetermined mode for reporting the channel
quality indicator to the base station, and

transmit a channel quality indicator to the base station using the indicated
predetermined mode, wherein the channel quality indicator transmission is
triggered based on the channel quality indicator trigger signal.



