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TITLE

5 Adaptive transport format uplink signaling for data-non-

associated feedback control signals
BACKGROUND OF THE INVENTION
10 1.Technical Field

The invention relates to improving uplink feedback

signaling.

15 2. Discussion of Related Art

Abbreviations

3GPP Third generation partnership program
A/N ACK/NACK

ACK Acknowledgement

BER Bit Error Ratio

BLER Block Error Ratio

BPSK Binary Phase 3Shift Keving

CM Cubic Metric

DL Downlink

CQI Channel Quality Indicator

CRC Cyclic Redundancy Check

ECR Effective Coding Rate

EDCH Enhanced Dedicated Channel

ENSR Estimated Signal to Noise Ratio
FB Feedback

HARQ Hybrid Automatic Repeat Request

LTE Long Term Evolution



LTELong Term Evol uti on MCSMbdul ati on and Codi ng Schene M MOMuUl ti pl e-1 nput
Mul ti pl e- Qut put NACKNegati ve ACK PAPRPeak to Average Power Ratio
PARPeak-t o- average rati o PUSCHPhysi cal Uplink Shared Channel QAMQuadrative
Amplitude Modul ati on QoSQuality of Service QPSKQuadrative Phase-Shift

Keyi ng RRCRadi 0 Resource Control RUResource Unit SDMASpace Division

Mul tiple Access SIMXSI ngle-Input Miultiple-Qutput SINRSignal-to-Interference
and Noi se Rati o SNRSi gnal -to-Noi se Rati o TDMIi nme Division Miltiplexing

TFCl Tr anspor&cgor mat Col\r,ircpciiunlat i.on | ngi Eat or T&gﬁ ansport Format Conbi nation

ation an oding eme
MIMO Multiple-Input Multiple-Cutput
NACK Negative ACK
PAPR Peak to Average Power Ratio
PAR Peak-tc—average ratio
PUSCH Physical Uplink Shared Channel
QAM Quadrative Amplitude Modulation
Qos Quality of Service
QFSK Quadrative Phase-Shift Keying
RRC Radio Resource Control
RU Resource Unit
SDMA Space Division Multiple Access
SIMO Single-Input Multiple-Cutput
SINR Signal-to—-Interference and Noise Ratio
SNR Signal-to—-Noise Ratio
TBM Time Division Multiplexing
TFCT Transport Format Combination Indicator
TFC Transport Format Combination
TTI Transmission Time Interval
UL Uplink
UTRAN Universal Terrestrial Radio Access Network
VoIP Voice over Internet Protocol

This invention arose in the context of developments
underway in the UL part of UTRAN long term eveclution
5 {(LTE) often referred as 3.9G but is not limited to that

context.

For UMTS, multicodes are used for both the control and
data channels and such is not available in LTE due to bad
10 PAPR. The signaling has toc be transmitted as inband

signaling with the data transmission.



TTlI Transm ssion Time Interval ULUplink UTRANUni versal Terrestrial Radio
Access Network Vol PVoice over Internet Protocol This invention arose in the
context of devel opnments underway in the UL part of UTRAN |long term
evolution 5 (LTE) often referred as 3.9G but is not limted to that

context. For UMIS, nulticodes are used for both the control and data
channel s and such is not available in LTE due to bad 10 PAPE.. The
signaling has to be transnmitted as inband signaling with the data

transmssmnM QK55%6¥U i-GY arkﬁe lﬁg%ﬁgpgﬁﬂ€§8g6a§9§fn€yring consi deration
ofr 0

of resource a ocatlon at aassoci ated contr ignals transmtted
with UL dat acensidrraisSoHotPrpsPente UplliatketSiear édr Chammddta- These control 5

signal s incl 5@@0%%@6n@'§%1t 9@&%5&%&}&%@ Qieaneh, e o gROT i ng whi ch
can be either_ periodic or schedu #46bis, 1t has been agreed t hat

data non- assbBf R HpiENIRi€8At PRI 18k giteny Chaneelbe ThAxd soakeal10 with

UL data wethstgnzlimisher mk?m&@&&m t(oTleMe pbet ahh e OpQJrakhans have not
been di scussed_yet in 3GPP, 3 ested above,  although the invention is

not limted B! t?ﬁ?%ﬁﬁ%ﬂQWWPlEBnFé § P Aiech PRE 18708 0T | $oN599d&8ds 15 from

consi deration of the basic problemof how to divide the avail abl e physi cal

resources (i.e. pace. an transnlss owe bet ween
data-non-ass%%i%%%% ééﬁffolgaﬂas A T gﬁﬁg E%%%Lﬂp%ystenl | nf or mat i on
about the syﬂbabcsmaﬂdeﬂumklonnhnsl digrEdngnaent at bdatdl tendexeti 20 t he
radio i per.tar e Lh /de ching' and
%ecoa&qdﬁf &a%a %J:B gdcﬁJf 1510%[ %8%%§tf '{?ﬁd .

encodi ng I ng operations eren gh not Iimted
to such a sc@ﬁb@lkﬁd|QPan§tn9nedh@%%InQH1hﬁ@@ EIECWNﬁe@yxﬂuﬂmn.BﬁéPeNode-B
(base station) has to be in charge of the 25 resource split between the
control and data parts and signaling this information to the UE. This is
mai nly due t8StHeEIHRUEWRREVENI AgshouDattdeadsgenated tdmatoll igiigadling is

not supportedoufhé@ééliflzh%ﬁ{@ﬁ@ HE wanmoti tshgpat, t ranshidegkor mat 30
i ndi cati the eNode B.  Blind detection i s_not feasible in UL, not only

fron1the?§ec F R rCTHHEIRERI L M pBF nt RO EWPBEPLEMsBT t BRY P | iwdd8ccount the
fact that CREheeyvaiatathe gwgkhabl ersgoddiese (iSenp Bamislyl cdddRr an on whi ch

to base the egﬁg%fgglon power) beitween data-non—associated control

and data channels in LTE UL system. Informatien about the
symbol space division must be pre-known at both ends of

20 the radio link in order to perform correct rate
matching/de-matching and encoding/decoding operations for
different channels. Although not limited to such a
scenario, it is noted that in the LTE UL system, the
eNode-B (base station) has to be in charge of the

25 resource split between the control and data parts and
signaling this information to the UE. This is mainly due
to the following things:
. Data-associated control signaling is not supported
in LTE UL. Therefore UE cannot signal transport format

30 indication to the eNode B.
. Blind detection is not feasible in UL, not only from
the receiver complexity point of view but alsoc taking
into account the fact that CRC may not be available so

there is no handy criterion on which to base the decision

3



3 which of multiple possible formats was actually transmtted. A second
problemis how to optim ze the perfornmance of 5 data-non-associated control
signaling. It is noted that power control will set the SINR target of PUSCH
according to the data channel. Therefore, the control channel has to adapt
to the SINR operation point set for data. Control signals have typically
much tighter delay 10 requirenents. Furthernore, control signaling benefits
neither fromthe fast |ink adapt ation nor the HARQ Therefore the coding
for data-non cj,at r I eds .t pne with somewhat
nore margin. w%%%% %ﬁlrﬁgl%?%% gmslg%g?gl facti;ljgellglpct%oqﬁisf gg?é‘%g %erfor mance

requi rement s “&RNEPLHERE and control signals. ACK/ NACK BER shoul d be about
0.1% (no HARQ Cal BLER should typically be less than 10% (no HARQ 20
BLER of UL data channel varies usually between 10% and 30% (dependi ng on
t he HARQ opefafFERMPdikit le“‘cﬁé ey t9 orfiisitze f8caparfepragesdur ces

bet ween cent Eial:aaﬂﬁlndaﬁés'iacﬂ@tb@ b@nt.@oﬁp@ighdlhlfnf;er%t1§0:\{\§t{ec9ftfh%%t val ues 25
for them There are two H"&gl i sadvant aﬂ]]es re this power offset
b

met hod: PARPBF“SBl‘é‘?Ht’ﬁl &&h Shown' Th 1R eé??ﬁzﬁTS%aﬁcq@ml%d CM are
i ncreased when hhghestpaemnnies .contéigises, froe control swddes: than for data.
[ R1- 072224] C S t the control Jo houl d be limted not to
exceed the d%gag%ﬁedﬁ %Slret %g?qﬁo?geraifl? oltn p8§§ 8?5 %3 ncrease the Tx
p_ovver of conf?potrgl gradnialg, halventyhecdBy sutahansahterngeldyt h ful | power
(i.e.. | 962t edaat - Lt £LELLRALRN S0 DAL BSE CRAT kS Spdfetdcient i
provi di ng adequate quality in several cases in rac et 5% al so not ed
t hat from re86iéiEker utidn e daspol btk ofdagtewioponer teeUARDN i s not too

econom ¢ Si NgBerefore the coding for data-non-associated control

signaling needs to be done with somewhat more margin.

15
A third problem is relates to different performance
requirements of UL data and control signals.
. ACK/NACK BER should be about 0.1% (no HARQ)
. CQI BLER should typically be less than 10% {no HARQ)
20 . BLER of UL data channel (s} varies usually between

10% and 30% (depending on the HARQ operation point).

One way to adjust the available resources between control
and data parts is to apply different power offset values
25 for them. There are two main disadvantages regarding this
power offset method:
. PAR problem: It has been shown in [R1-072224] that
PAR and CM are increased when higher power is cohfigured
for control rather than for data. [R1-072224] recommends
30 that the control power should be limited not to exceed
the data power. Furthermore, it is not possible to
increase the Tx power of control signaling, when the UE

is transmitting with full power (i.e., located at the



5 all the avail able power resources won't be utilized any nore. This is
equi valent to a waste of capacity. R1-071000 presents another prior art
techni que, where the synbol space of data-non-associated control channels
is 10 tied to the data nodul ation used by UL data channel. This is sinply a
consequence of the fact that the nunmber of bits that is conveyed with a
synbol depends on the data nodul ation: QPSK, 16QAM and 64 QAM carry 2, 4
and 6 bits respectively, therefore the nunber of synbols needed to 15 carry

a,Jiven nunbec, of obil s, eomcadi ngc el gata nonasseclat ed, Ayl sl anal i ng

depends on the no ation ed ‘synbo orrespo ing to
di fferent daﬁdeﬁnemﬁeﬂuaﬁ¥§ﬂ snsﬁgner$EdC¢&£alm@ UEabqu@ans of higher |ayer

signal l1ng (RHO skgnal |4ng) no2Qul-REODLESR nlatedot o Ll spd gghni que i's that

it is unable to guarantee th he dat a- non-associ at ed control
si gnal i ng. IPOF§tn%¥eﬁ“ﬂhaP°Wﬁé BEERCE ROy eltS Gttt heo URCoRRl ¢ lfdmsel nay vary

quite a lot, adependi Hg ORPIRNYoRer| S88Esrand w@@rferrséeuelllia& fgfent
services will have dlfferent S requi renents anyway (e.g., delay

per f or mance, "BEER) TR i dreffoie Vai 8Nt sEpropiasihg iod Fép??%FXhe synbol space of
dat a- non- associ ated control channel only for the MCS used 30 by UL data.

Per f or mance -non-associ ated control signall depends not only on
the S NR but S 05 (0 HRARRE Sofh RURSEI Tt A or SPCLR it o wHEHe TRt T bason,
the synmbol spabel atpasatedd dhor-hbe-gonbeioltechannekos holdithe/ar ytsal SO
aCCQrdlng%;EF%QS gﬁqu(géta mOdEéggbggiégg% b&o gggtcﬂ%%ughaqgﬁ quite

rapidly. Irgnaling ma ese cthanges f'ast 5
;enough. Feaskbsimply of CtomsgqnenhedOQetpiwc@ca:l $babnth¢slenmjl_1bdibAR@ schene

(adaptive Vsbl@Q”EﬁQ?%é %%VEE}SHG&%E’ a i gynﬂb%ld dH::Eﬁg%t?E Qi Q3!

sufficient quality 10 for con IT th space o%’data non-
associ at ed c@ﬁﬂ?b¥t4gﬁtlQ&§K@nﬂ§Qﬂ% @ﬁ@ %bdﬂﬂ%ﬂﬁéﬁYaﬁd tothhe ddivsme (MCS)

used by UL datapedts dliySClaswbeothatnd ohlows Qﬁ%?nﬂ%i@ tdanspert format
sel ection of data-non-associated control signals 15 transmtted with UL

data. Al & ngﬁF%s%d;ﬁF%‘§8ﬁPe§p%E|%&tsrﬁﬁ?W iR PAGOE a9 TIOt T anspor t
format sel echbsciptedcidiralt EAGRAL 554 Oepends on the modulation

used. The applied symbol space corresponding to different
data modulations is signalled to the UE by means of
higher layer signalling {(RRC signalling).

20
A problem related to this technique is that it is unable
to guarantee the QoS of the data-non-associated control
signaling. It is noted that the BLER target of the UL
data channel may vary guite a lot, depending on many

25 issues and parameters:
. Different services will have different QoS
requirements anyway (e.g., delay performance, BLER).
Therefore, it is problematic to tie the symbol space of
data-non-associated control channel only for the MCS used

30 by UL data.
. Performance of data-non-associated control
signalling depends not only on the SINR but also the
number of RUs allocated for UL data. For that reason, the



SUMVARY OF THE | NVENTI ON 20 According to a first aspect of the present
invention, a nethod is provided conprising dynamcally selecting a synbol
space for data-non-associated uplink feedback control signaling, and
sendi ng the sel ected uplink 25 feedback control signaling using the

sel ected synbol space. According to a second aspect of the present

i nvention, user equipnent is provided, conprising a decoder, 30 responsive
to a dynamc transport format control signal froma base station indicative

of a dynam cal | el ected.tran rt farmt, for_ decodi ng said command
ol gnal Tor peoUbal e Gedoaea hghat 1ol eAF0a ErodaTE SO cal Ty
sel ected tramgporéldoramtorkidnguse time datralwicithassoci ated 6 uplink feedback

cont rol SignalingPr€§%§é¥1d%n%89§£°“%5%PQ&§j%%ﬁégﬁiﬁ%%?%§%%§%§§5ignal’ for

encodi ng feedback | mati on according to sai I"'ect ed
transport foRRatsigralimnawivsspbnbt calthe tsaderaskathore Schigigeg tthetsel ect ed
transportsfopfBignAccording to the third aspect of the present invention, a
base station is provided, conprising an encoder, responsive to dynamically
sel ect ed transporite3diidtlty0oé ohpdbh et RaPrePsndadat 8o LHathe Sikgnal , for

encodi ng sai dakhanepaid (QLERL vE0ePONSH-Siaprake)and said data signal for
providing a dynam c transport format control signal for transm ssion from

sai d base station to user equipnent, said control signal indicative of a 15
dynam cal | y sekeefefk t rianspodnt tfocomt forpdatiaenenassetded eghauphkiynk

si gnaling,used by said user ui pment, and a decoder, responsive to said

data-non?%ssggfag%ﬂF{J iﬁ%@ngﬁgné i WS ?%ﬁ&maeggaFﬁgOFe%ﬁﬁﬁﬁﬂ?q_nfornation

raccordi ng t oasacdighmramicsalrby $el ecé@drinanspahe hodnbitiR0 abgicording to a

fourth aspect gf , h&a&&%§%ﬁh§kHM§Q&i&gwn?d3€§ﬁ”“is provi ded conpri sing
Ing to the's

user equi pment accor eco aspect of the invention and a base
st ati on accofbg¢ngisolatwere ihpd asprews ofealte Winpehtaospots format

selection of data-non-associated control signals
15 transmitted with UL data. Alsc disclosed are some
special, non-limiting cases of transport format selection

for UL data transmission.

SUMMARY OF THE INVENTION

20
According to a first aspect of the present invention, a
method is provided comprising dynamically seiecting a
symbol space for data-non-associated uplink feedback
control signaling, and sending the selected uplink

25 feedback control signaling using the selected symbol

space.

According to a second aspect of the present invention,
user equipment is provided, comprising a decoder,

30 responsive to a dynamic transport format control signal
from a base station indicative of a dynamically selected
transport format, for decoding said command signal for
providing a deccded signal indicative ¢of said dynamically
selected transport format for use in data-non-—-associated

6



According to a fifth aspect of the present invention, a conputer program
product is provided in which a programcode is stored in a conputer
readabl e nedium said program code realizing the foll ow ng when executed by
a 30 processor (a) dynam cally selecting a synbol space for

dat a- non- associ ated uplink feedback control signaling, and (b) sending the
sel ected uplink feedback control signaling using the sel ected synbol space.
According to a sixth aspect of the present invention, apparatus is provided
conpri sing o] 1 cal | electi as ol space for

dat a- non- asggl%iqg{l{éd%% 1{%& f%éﬁ%ggks%%%??o g’si%nglainnﬁ, C%ﬁ%lr'rreans f or
sendi ng t he Zesebreied wupldaikl deedBadks tomY,olfsi grabilhgg ubiatipbadke sel ect ed
synbol space.; i Nt i . met.ho sel ecting the
transport foﬁﬁgpgﬁg%%?ﬁg%F%n 5iécggoggg%ﬁgﬁgw%éggéglseigé%?gnsnitted W th
UL data (PUSEHpRsPerhl Sorrtovicdes ranspymal 9thg sdthenbace support the current
transport sf oLgAhgSehecid Q-dmt hodnsht ral 59-pIovi des sone met hods to control
the transport format used by a shared data channel. 15 The invention
teaches to select the coding and in particular the anount of synbols used

for coding ohcthbedinpans wenthakqi RELEFBLI O RN prRs@nr BnTASGH ] 0 achi eve a
targeted BLEE for s%%nal%gﬁ and data which are typically 20 different. By

means of the fRVeRtTolCSigh&5CHg e  r efREF 1Y & "nPRFRERT1 evel . It is to be
under st ood t hatpahbips esentyedirexenpl; asyl erbativrenisporay raksa be used in any

sui t abl e ;gomi Lon. 25 Advant ages:_ The mai.n advantage of this invention
is that p ygiggglsg?fm% esslo({Jnragé‘ss a(r:@ng e Wit fé@qaﬂ'a%%rﬁn%‘?‘ﬁ%‘q &t ay. This
:30 i s due totrhespact fdatati fcompbyesensigialts areconbidl disa aviajriaabl e
overhead causgd By.§ala; y o] i.gnal | ing, cannot. be

optim zed too acgu?até?;_%?ﬁgﬁéggbgﬁﬁgﬁiggh{ﬁ%H%%%t?8 £E§Euﬁ% "Fesour ces
are confi gur 87| hranh $iway frembeabd ldre sHfad isindée imeterms of QoS of

control si Qnéghﬁﬁgeﬁﬂ,hissailc?%%tgrglhgg@ﬁél oMefiheadke. U§i§9 the scheme
di scl osed in detail below,_ the QoS of  datanon-associated control signalling
transnitted WPATLE2HSE SLETEE BapusRed Ayt iferzéatamnen{l exi bl e, fast

S5 and effici eBbo¥@¥sed uplink signaling used by said user equipment,
and a decoder, responsive to said data-non-associated
uplink signaling, for decoding feedback information

according to said dynamically selected transport format.

20
According to a fourth aspect of the present invention, a
system is provided comprising user equipment according to
the second aspect of the invention and a base station
according to the third aspect of the invention.

25

According to a fifth aspect of the present invention, a
computer program product is provided in which a program
code is stored in a computer readable medium, said
program code realizing the following when executed by a
30 processor (a) dynamically selecting a symbol space for
data-non-associated uplink feedback control signaling,
and (b) sending the selected uplink feedback control

signaling using the selected symbol space.



It is noted that in different scenarios, there are also other reasons than
just the QoS aspect to change the format of data-non-associated control
signalling 10 dynam cally. TFClI bit(s) can be used in nany ways: They can
be used to sel ect between optim zed SIMO and M MO configurations They can
be used to select sone kind of "air-bag" configuration for data-non-
15associ ated control signalling (which has the best possible quality). Such
a configuration can be selected e.g. by the base station, if there is risk

that cruci al ( i.nformatj.on i t1] 20l ost _in.,UL and that woul d
conpr oni se Dﬁ%%gr ?glru%r‘..&@n%:ear gsagx.t%dﬁgg?%gi#su T & koM UGB the UL
channel qual i¥Pparsgeh tasexvmiedoconpr f oinglatenzurtsts dahteicaane tine of

inactivity, isk100+¢y Ak, 12 a b S done dyri he ti.ne.of
i nactivity in or der Wsave plq\%gégED%gPt%% g{?}% g“%isﬁgg’a% (g Wicth&nge, the
base stati onfRgslaektFrtap tsd 9dalénknowedigarenyforpsendbouttitche DL nor t he

UL channeb 3Qauabtéy. ufNGa: NRWHALR 8kt V& &iGnahQhgDhsihd di: essential to
qui ckly get reliable CQ. to be able to schedul%enat hese aét%ﬂe iciently.

However, becdGS8°tRE VIMRHarfméiCequal ity is not known as well, it 9 s
desirable to select a configuration for the UL control information that is

on the safe sr'hge. This may waste sone, UL capacity, but allows to achieve a
better 5DL capacPty°Hhd Hﬁ’eﬁqtﬁﬁr"o?rg‘é}‘?ﬁ’%é mephadt EaR pRlededa bhe
dynani cal |y $ekespobetivwentdidoheteat i6Q (Foesf( poatabl osajed f or certain

O reponbl g, 360RBIeq St RA8ELL" ARELHNANGRS LD PLORAGRI] O
) signaling scheme to support the current transport format
selection method. It alsc provides some methods to
contreol the transport format used by a shared data
channel.
15
The invention teaches to select the coding and in
particular the amount of symbols used for coding of the
inband control information on, e.g., a PUSCH to achieve a
targeted BLER for signaling and data which are typically
20 different. By means of the invention signaling is reduced

to a minimum level.

It is to be understood that all presented exemplary
embodiments may alsc be used in any suitable combination.
25

Advantages:

The main advantage of this invention is that rhysical UL

resources can be utilized in a more efficient way. This
30 is due to the fact that if only semi-static control is

available overhead caused by data-non-associated control

signalling cannot be optimized too accurately. Instead of

that, the control channel resources are configured in

such a way to be on the safe side, in terms of QoS of

8



These advantages are not exhaustive of the possible advantages of the
present invention. 15 D sadvantages: Additional signalling burden (1-3
bits) related to UL allocation grant signalling O her objects and features
of the present invention will 20 beconme apparent fromthe follow ng

detail ed description considered in conjunction wth the acconpanying
drawings. It is to be understood, however, that the draw ngs are desi gned
solely for purposes of iIIustration and not as a definition of the limts

of the inven &g{]rddbe furltl%hlngS( Srel tEBOHkﬁhgf J%Q%ea%)thﬁs%?&e”ded

clains. It s erstoo at 't drawi ngs are n drawn to
scal e and t halte tdehens digelebgdi n etded 1t bedorcepradldsy Qﬂ Kaserate the

structures aimalnm@g&q%%a gSﬁ@féP%cﬁ@l@hﬂg 8088 i JEGRLPHLON OF THE

FIGURES Fig. lis a flowhart illustrating a process that may be «carried
out in user & ﬁ%?éhtbe 4C63BPEPAPRIO I PrESent & Aititde, ERGt 2 is a
flowcharts il hsste@tiidiand Reocess that may be Scarried out in a base
station, according to the present invention. Fig. 3 illustrates a general
pur pose signal processor which nay be used in the user equipnent to carry

out the pr OCBtSSli)fnd'_tie@ thaer 1hndiflﬁeﬂ3ﬁﬁ:es&bahirﬂdjlslaﬂiéﬂéara&yé @ukot he process
whi ch t he

of Fig. 2, or_both 4 shows a X scenario i
present i nveRtion rr%?foglg 5%?09/%%3%{% grrg Sﬁggcgt%ﬁ "§ndffcal |y deci des
the synbol spaceat @ibeausedobyasserisgui poehtol nsidmsalleegpback 15si gnaling

gcgtﬁgemE@w'am hahcd! S0 | 0F! e URLEAK; §3] 4, RETAILED DESCRIPTI CN

They can be used to select between

optimized SIMO and MIMO configurations

¢ They can be used to select some kind of
“air-bag” configuration for data-non-

15 associated control signalling (which has
the best possible quality). Such a
configuration can be selected e.g. by the
base station, if there is risk that
crucial contrel information is getting

20 lost in UL and that would compromise DL
performance e.g. due to insufficient
knowledge of the UL channel quality. Such
cases may occur for date bursts after some
time of inactivity, if no dummy data

25 exchange is done during the time of
inactivity in order to save power. Due to
the missing data exchange, the base
station has neither up to date knowledge
any more about the DL nor the UL channel

30 quality. Once new data arrive e.g. for DL.
it is essential to quickly get reliable
COI to be able to schedule these data
efficiently. However, because the UL

channel quality is not known as well, it
2



20 Figure 1 is a flowhart illustrating a process that nmay be carried out

i n user equipnent, according to the present invention. The process nay be
carried out by any kind of signal processing. After entering in a step 100,
a step 104 is executed to dynam cally sel ect synbol space 25 to be used for
uplink signaling such as for data-nonassoci ated uplink feedback control
signaling. In a step 106, the process 100 then causes the user equipnent to
send the uplink feedback control signaling using the selected synbol space.
The process then returns iQsadéE?Pa§QQQ§jsﬁj%ct2 SQ?%E& J%§§§§§O%OO t hat
may be carried out in a base station, accor&ing fo egﬁ}esent invention.
After entering in a step 20Re HLstept204 infogretivediha idymamtbeal |y sel ect
a symbol space to be used fQr.upl 5ok §l ANQLiNG SUChs Gfe TR

dat a- non-associ ated uplink feedback control “signaling. In a step 210, the
process 200 then causes t h€2paset¥t dftorrtlevsSera tRRI®Y? inkdtéedback 5
control sggnaling to the usgr -ggtkPPRMnd R 1dewnbEnke 0 LOMmand it to use
t he sel ected synbol space. Not shown is a step where the base station nay
store the sel ected synbot Fpagectnrbe¢ urzade tretignenteawersglesdi vi ng t he
uplink signaling fromthe U PREO o nThe 1P S 1 rns in a
step 220. Thus, although tﬁg%gfgg %84 ofHEiggllgggﬁgdu%%a§gg% ggggy t he
user equi pment on its own, IPrgce2tahpisll HaPorhengyapetnspace 9el ecti on may
actually be commanded to thesda Hg8{desHAy®Ntn BropRgLcasi ng signaling
step 210 by the base station. .In that case, the step 104 of Fig. 1
represent$ the UE sel ecti nG™FAEORYABOI space in response to the control
signaling sent in the preceding step 210 of Fig. 2. 20 Fig. 3 illustrates a
gener al purpgﬁe si% al processor which may be used in the user equipnent to
carry out thePprocEEerteEest 2EFgnCY. © 3 Vhr 8CekBorPittiRifes a CPU, RAM
ROM an i nputdosattpadespaift tha ekes&nt antva2fy iinscel | aneous ot her conponents
all interconnected by data, address and control lines and nay al so be used
in the base station to carry out the process 200 of Fig. 2. If software is
used to tarrpisadvarntmgesocess 100 or the process 200, it may be in the form
of coded instructions 30 enhadied in a conmputer. readable pedium It should
be under st ood however thétgggfhé?n%r ot or "PhBYE %?o&£§£§§¢f60, 200 may

i nstead be carried out by ethetedli bdsUbfalgrcaeessor gramel sidjrmeg 1wy not
limted to dedi cated hardware such as an integrated circuit. Fig. 4 shows
a non-limting exanple of a scenario in which the present invention may be
enpl oyed whePehear bdxedtsakindnf48Rudynan ddld preekett snydye symhadlilspace to

be 20 become apparent from the following detailed description

considered in conjunction with the accompanying drawings.
It is to be understood, however, that the drawings are
designed solely for purposes of illustration and not as a
definition of the limits of the invention, for which

25 reference should be made to the appended claims. It
should be further understood that the drawings are not
drawn to scale and that they are merely intended to
conceptually illustrate the structures and procedures
described herein.

30
BRIEF DESCRIPTION OF THE FIGURES
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5 used by user equipnment 404 in its feedback signaling included in an
uplink 406 that also includes uplink data. Such signaling is carried on a
so-cal | ed data-non- associated control or signaling channel of the uplink
406. A selector (not shown but that may take the formof 10 the processor
of Fig. 3) in the base station dynamcally selects the synbol space
(according to step 204 of Fig. 2) to be used along with sone rel ated o
paranmeters to be commanded to the user equipnent for the user equipnent to
use in connegtjon, wt. h j Si ' .chann e | {nk 406.
Such m ght iﬁ%{gbdj}a folraL itangtlgﬁ%fégg% il%gﬁéters%gzlggs?g‘ﬁ%?g%nslgqtﬁtanggglg(? an
encodi ng schene si gnalargiaed piheldIBenseandriests, aasyrisbings sacéhsi gnal on a
line 414. Such signals.caeeePtQyviged, as shown generally on a line 416 to an
encoder al ong_with data on a line 418 to an 20 encoder 420. In carrying out
step 220 of Fig: 2, tifeaefhiéoderaplt ot laes mat 160t pubrFffaltie &ari Re 421 in
which thesdata is comifiedawbhh thes SipraldtRgida0, adddsdidld thokne

transm ssion via an antenna on a downlink 422 to the user equi pnent 404.
Upon reception by anPaftERhata%8 1t he 25 user equi pnent, a received

downl i nk si grag. oh a illiinec42des sa prendad ghapasdesogiesl 42@daasbire UE 404.
It decodes the data prhevihousl y encodcfd oncht he line 418 and provides a
decoded data signal SR&" 'RE AS8"§SF U5 UFRE TRUIWIEISTHE §8&6der al so
provi des a sensed si gnal tbr aprbcaes 3 £3@;.i ndiecatnviehofbddwe sgpaaliohy of the
downl i nk,, A measur enment thereof e [ . ure conponent 432
t hat theF10 provi des g%c%hé:%ﬁg? gﬂ%n ?/blfrnocnﬁe%gst 8?5 ?flggg’accﬁn%s%}télﬁal on a line
434 to an enEdder4 43GhcFeadecnarplead 26t @ seeprovpdes whicomied signal on a

line 438 to the encodgr. 436 tﬂgyé&?igrpfnﬁ i Sgﬁpgg%@imet hergisa at | east

i ndi cative of the synbol space inform _ romthe base station and
possi bly al so the ot FéRtiARoAHBRTBPR BNt HTEGSoRNE heY T e SPEGS TRe 5

encoder then carries ui;sstieps 184y JAbierfl dn 1cborslvsymical Iy sel ect and
use the synbol space for data-nonassoci ated :‘Jlg)l ink signaling. If the

decoded #ata on the 1547824289 §n¢EeYd &8 PRLENY, ERAF A Signal is sent
to the encoder 436 onrichedksnepd#kdk dAtherw se, a NACK may be 10 sent.
Signal data intended for the uplink is provided on a line 442 to the
encoder 436 and conbined with the CQ and ARQ information for output on a
| i ne 450 fr oRETAELENCUHERIZ23GON00RNTBMT BXWENITIION t ransm ssi on on the uplink
406 to the base station. A decoder 456 in the base 15 station uses the
uplink CQ signal 434 to help carry out step 204 for the next dynam c

sel ecti of0 of Fi@ersyhbicl asfacwchartt hbluittzeinoy asvoeirased gl insly f eedback

control signglidg 0P Msed Q8-theqypbhdit 4Q6.co28:iA5anspaLd format
sel ection schene
present invention. The process may be carried out by any

kind of signal processing. After entering in a step 100,

a step 104 is executed to dynamically select symbol space
25 to be used for uplink signaling such as for data-non-

associated uplink feedback control signaling. In a step

106, the process 100 then causes the user equipment to

send the uplink feedback control signaling using the

selected symbol space. The process then returns in a step
30 108.

Fig. 2 shows a process 200 that may be carried cut in a
base station, according to the present invention. After
entering in a step 202, a step 204 is executed to

11



In the illustrated enbodi nent, the transport format configuration of

dat a- non- associ ated control channels 434, 440 transmtted with UL data 442
is divided into two 25 parts, (1) a sem -static part and (2) a dynam c
part. Sem -static part The semi -static part is used to configure possible
30 transport formats for data-non-associated control channels. It is
possible to configure TFCs in such a way that different control signal s

(e.g., CQ) have di fferent synbol space allocation (i.e. nunber of output
bi ts of encoder A3 Wi Lo 1dLEr 8T eftniF G acdi Lhenent ’E*%;%r fihRput bits
(i.e., CQ 56%2‘.%& ng \gc heme) wth di ffgijgr?t TFCs. S&lys al élg ;l)osm ble to

confi gure suthdzgifr@ |Sr§1CWnﬁ§hf%>ﬁedm f}?élsslégéciét%tuﬁlrléﬁsr?ﬁ?ﬂéacbt al |

(zero CQ bitsderdD NPRATHEGCORL Ol stRY 210y NRRE CH P AIB RS LARR USed to
sel ect one of several pre- defined transport format conbi nations for each

MCS for dat acﬁ‘b?ﬁ%égﬁclbﬁgds%%’t?%lt%lw §Der BRS M tiRPMPCk UL 15 dat a.
Tr ansportsfowfaﬁrcsplsﬂ@tnlaqnng to the td’tféri lelqus bah edi @ edivie bk @blode B
sel ector selects C? act ual . tra ort forﬁﬁaﬁ conbi nati on based

Servi ce requf? e Cat'8f F%eli SRy tRAGE . NSICEBPGBRY é?l on
poi nt) Bandai sitdp ar}Hea@at:henbaée Uit ataitoan elagneebréi tigse ,sdl@wra@Eny resour ce

units) 25 Measured (L, Q3L SENR BLER 432 & BMNEL coiving the
uplink signaling from the user equipment. The process

10 then returns in a step 220.

Thus, although the step 104 ¢of Fig. 1 could be decided by
the user equipment on its own, Fig. 2 shows that the
symbol space selection may actually be commanded to the

15 user equipment in a preceding signaling step 210 by the
base station. In that case, the step 104 of Fig. i
represents the UE selecting the symbol space in response
to the control signaling sent in the preceding step 210
of Fig. 2.

20
Fig. 3 illustrates a general purpose signal processor
which may be used in the user equipment to carry out the
process 100 of Fig. 1. Such a processor includes a CPU,
RAM, ROM, an input/output port, a clock, and

25 miscellanecus other components all interconnected by
data, address and control lines and may also be used in
the base station to carry out the process 200 of Fig. 2.
If software is used to carry out the process 100 or the
process 200, it may be in the form of coded instructions

30 embodied in a computer readable medium. It should be
understood however that either or both of these processes
100, 200 may instead be carried out by other kinds of
processors including but not limited to dedicated
hardware such as an integrated circuit.

12



performance) Possible M MO node (UL/DL) o Virtual-M MO in UL: Transport
format conbi nations can be optim zed separately for 30use in SI MO and
virtual M MO nodes (the sel ected node changes dynam cally according to UL
schedul er decisions). Virtual M MO would benefit from bl ock spreadi ng
applied for nultiple control streans whereas in case of SIMO the signaling
is optim zed when spreading is not applied. o DL SIMJY M MO transm ssi on-
Nunber of feedback 5(FB) bits varies between SIMO and different M MO nodes.
Transport format conbination can be optim zed separately for use in SI MO
and different M MO nodes. Rate matching operation of UL data channel (s) is
based on 10 ¥He t¥ &A9psr & PeRnbintoiis sEemphesef eeteebfasriot he dat a-

non- associ at ggh @O0k reRanpel svofioloLXAPLE. Rl &ydmtghi g scan.be used for
the UL data channel (s) to fit the data to use those synbols available for

transmi ssi on3E3NAR Ve dHBempeahl bsilGréd FBF 8¥FRQhotRass66i Bted 15
control s gnassd bht aiRspoetuf pramt Aignal g sebepE-iH gheralliayer signaling
is used to conf]ia re.the agg&)l ed tranrsllport format caqnbi nations for

dat a- non- asstet ‘%uée(ﬁi 36 EBntPornsi YHadatr anshi LR IR FRIL P Hafat2 - Nunber of
TFCs confi gusech ligmahighets| ayerisham d kbe-thabié@dddim-aonel atively smal |
nunber to av%);)é:lo exctessi ve._ Si gngl in .den,.in

. ciatéd corn r ST nb rlrl a ng ré.ll: Ct l aru rlon Imt the
nunber of bits nécessary 5Y6 i gn atLLnegTEEI to ge used iH-a %artl cul ar

406. A selector (not shown but that may take the form of

10 the processor of Fig. 3) in the base station dynamically
selects the symbol space (according to step 204 of Fig,.
2) to be used along with some related parameters to be
commanded to the user equipment for the user egquipment to
use in connection with the uplink signaling channel on

15 the uplink 406. Such might include for instance an input
size signal on a line 410, an encoding scheme signal on a
line 412, as well as a symbol space signal on a line 414,
Such signals are provided as shown generally on a line
416 to an encoder along with data on & line 418 to an

20 encoder 420, In carrying out step 220 of Fig. 2, the
encoder provides an output signal on a line 421 in which
the data is combined with the signaling 410, 412, 414 for
transmission via an antenna on a downlink 422 to the user
equipment 404. Upon reception by an antenna 423 in the

25 user equipment, a received downlink signal on a line 424
is provided to a decoder 426 in the UE 404. It decodes
the data previously encoded on the line 418 and provides
a decoded data signal on a line 428 for use in the UE
404. The decoder also provides a sensed signal on a line

30 430 indicative of the quality of the downlink. 2
measurement thereof may be made in a measurement
component 432 that then provides a channel quality
indicator (feedback) signal on a line 434 to an encoder

436. The decoder 426 also provides a command signal on a

13



TTI. It seens that four quantization | evels would be enough in practice.
The exact relation between the TFClI bits and the 30content of TFC is
configurable (RRC signaling). TFCl signaling can be further optim zed by
reconfiguring the TFC set on the fly while the UE noves e.g., from cel
center to cell edge. As suggested above, dynam c control signaling may be
used to select the actual transport format used for data-nonassoci ated
control signaling. Such signaling nay be transmtted on the downlink 422

in/with U allocalion o5 aLahosianalidhavabl) JPEL S U A JQEalpshance be
needed to configure 4(2) different transpor or mat conbi nati ons for
dat a- non- assbee et et atoRrersk s isfgpall ivey ofSbh addbe} onmcedynani ¢ signal i ng

bits may be vhewethia®n BERAMEEod RGle palQ kbathoh Sakh rgadyaonienpl ated to

include a signaling bit into the UL allocation grant signaling to inform
whet her the B rddpondPAgrPRtAPT oeitivmegr At thas! trarfsifi-t 88 or not (and

consequerg | yeadoKINAGKRedSss t Subestaiangant t eds 15r asi fatjargon- associ at ed
controls signalin such_coul d be adapted for_purposes of_ the present

g)., h d d
i nvention asd¥@ﬁW¥qulﬁ §eﬁSFEda?¢wHS9u£ﬁen§y§b8?t§P$ﬁ%é?Vé@aF8FnP%Ts
i ndi cati on cesddmiedesi Ubl1DyRasigndFGg. Weukdenakeoddd phssi bhethe utilize
these bits ip, suc way that one si Lin 20(e.g..,, "00") corresponds
to the case aﬁg?énﬁgﬂfNﬁ ea%%@ ?ﬁﬁr%Q?%T aﬁggé%ss%%ﬁﬁ%éﬁhﬁﬁpﬁgtgignaling
words (' 01',thd(Ena@uegr 13%) coavhe epiresddil .t behsreesaf ACHORAGKyrBsour ce
when A i . At {t ' imzatjon. only qne_addi.tional bit on
top of t QA%A%%@%% Sge g%é%}géﬁaggﬁtoggt éép{flgglerﬁ%e]yso% the %&? Rack si gnal
in the prior2aking d43esdetihe oeheoddrt & 360 agidgnaib Bnell fidenheTECIs to be

used for thi s, AGHINAGKSERRbn +8y tdtHuknbar AB1E 00 yas sed cihndi vi dual Iy,

one additional bit could only indicaté two different TFCl's, causing a
si gni fi cant | B S EBR0300qRANRI LT CTELBENENE S S bffhetit &hicodPi Atk cat or

406 to the base station. A decoder 456 in the base

15 station uses the uplink CQI signal 434 to help carry out
step 204 for the next dynamic selection of the symbol
space for the data-non-assocociated uplink feedback control

signaling to be used on the uplink 406.
20 Transport format selection scheme

In the illustrated embodiment, the transport format
configuration of data-non-associated control channels
434, 440 transmitted with UL data 442 is divided into two

25 parts, (1) a semi-static part and (2) a dynamic part.
Semi-static part
The semi-static part is used to configure possible

30 transport formats for data-non-associated control

channels. It is possible to configure TFCs in such a way

that different contreol signals (e.g., CQI) have

14



"Explicit segnentation indicator" transmtted with dynam c resource
allocation signalling can be seen as an additional exanple of this
invention. This indicator could be used e.g., in a VolP application. 5 At
the cell edge it may not be possible to transmt a data packet (say Vol P
packet) in a single TTlI. Then the packet can be transmtted using tw HARQ
transm ssions, also called nom nal node, where the first 10transm ssion
fails with a high probability, and the desired Block Error Rate is achieved
after the second one. C% course, as_an alternative, one can always
subdi vi de the Vol P patkefeiFito MG iopRER®1 3 LR 1ORI S1wft | NY&STease t he
codi ng gai n significaaflyuthecause seacheptoddre qpanketisni ai shorder and t he
codi ng gain of turbo gpggs decreases significantly for sort packets (VolP
packets are not 20particularly big anyhow). It is also possible to use a

hi gher code rate for anitd@dnd maReErsskomand wmloways .eel yeon
retransn1$sion(s) but thqy,the standard rate natchingpapproaph woul d first

send 25alY the syst enBtTEHIT SCART nBAE BN RSy ThFEs. ITnts giso
undesirabl e as well aposfiblepresenhsigubadsidt er ligaven. whickase: of explicit
segnentation, i.e. ifC %rﬁég'waggog %h t SQ%ggnkgtkon is to be 30used is
included (e.g. via a Stgnalling Bict "8F bt HeF ™ neaiTsftt Al (AT f&dhi on can be

used to optim ze the d&fsiniti on of redundancy versions that are
specifically optimzed for this case. Then a redundancy 18 version can be
defined e.g., in such a way, that odd and even bits are transmtted on odd
and evenl®r aRe@iderontrpfl PAstfirst transni ssion happens to be on 5a odd
frame nunber (or TTlI nunber or subframe nunber, or another suitable
identification nunber of a specific packet) then only the odd bits are
transm tted. PYRTRL S EGAFPESFPy2randiRf to select one Of several pre-

defined transport format combinations for each MCS for
data-non-associated control signals transmitted with UL
15 data.

Transport format selection

In the illustrated embodiment, eNode-B selector selects
20 the actual transport format combination based on
® Service reguirements related to UL data channel
{e.g., BLER operation point)
e Bandwidth allocation of UL data channel (i.e.,
how many resource units)
25 ¢ Measured UL QoS (SINR, BLER, data channel
performance)
¢ Possible MIMO mode (UL/DL)
0 Virtuwal-MIMO in UL: Transport format
combinations can be optimized separately for
30 use in SIMO and virtual MIMO modes (the
selected mode changes dynamically according to
UL scheduler decisions). Virtual MIMO would
benefit from block spreading applied for

i5



10t hose bits that would be transmtted if twice as many bits were avail able
for transm ssion, only the odd bits are selected. This gives exactly the
nunber of bits available for transm ssion. For the 15next packet, which
will be on an even frane nunber (or respective nunber) the even bits are
sel ected. Thus after reception of both packets, the receiver has avail able
exactly those bits, that 20woul d have been avail able for a hypotheti cal
transm ssion that would have allowed transm ssion of twice as many bits as

actual |l y possible. The rat ' [ .0 rovi optima
selection 25(within p?gé?ﬁgéga%§$2%§? %;%?%ﬁgoﬂ% E%%?gylfgggaggiven nunmber
of bits. Therefore t héIfPopbsedgaomia Hm WPk imazhd etena sppradingal | y)
opti mal sel ection of Qgtgoﬁhggggggpjning two transm ssions. 30 According
to the state of the art, the Rate matching algorithmwould select a
redundancy version Ph&t RAYCHHEHP rarginisEd onf r Berkem pnitesEback however

this is pintless as tfe)fbist $4ANSMES@BnI §TMOr A6 iGFskyedeemed to fail
anyhow due to insufficient available transm ssion power, or because the

coding rate is even abgVtd T cor ARG CRERT | T2t iPRe C8R 0fDI ned

first and second transpcsmiesad Wit aieil ybeoirdeat . id nispar heul ar, due to the
prior art, the first %&@@SﬂlSSl@gﬁ uld contain exclusively or

predom nantly systematTC Bi %F &Y€ 'second one 10 woul d contain

predoni nant | §ator mtciisigvepgrpatant y biltls dabbvibasheyl (d)hiis basaatoa good
di stribujg on ol LNGRGMIOCKLALS Ol 100 LOPLND, TS, O0g, 2PPT 0ACh O

save one signalling bi case of segmentation 1s to not to reserve
~ACK/ NACK r esierit tas sssriiegspondiniigo t achaneeflisr. sEoT Téxqmhee,f iRege transni ssion

contains. al MstciAliAKAsABCREOE 44k SUEN ABEEaSOLIRIE s i kite use
(little information) 20in al nost al ways sendi ng the NA ol 'owi ng the
first transnfliGiyR tof ushchhess egmnlat Byaibrble sEqr dégemsmishenns accor di ng
to the presefiad Meeit iR, pb8e IRANNRG abrt ReL IR n-signalili-ag for

15 control signals.

Transport format signaling scheme
Higher layer signaling is used to configure the applied
transport format combinations for data-non-associated
20 control signals transmitted with UL data.
¢ Number of TFCs configured by a higher layer
should be limited to a relatively small number
to avoid excessive signaling burden, in
particular to limit the number of bits necessary
25 to signal the TFC to be used in a particular
TTI.

* Tt seems that four quantization levels would be
enough in practice.
* The exact relation between the TFCI bits and the
30 content of TFC is coniigurable (RRC signaling).
TFCI signaling can be further optimized by
reconfiguring the TFC set on the fly while the

UE moves e.qg., from cell center to cell edge.
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25dat a- non- associ ated control signaling is redefined, because it is an
indication that there is a conparatively poor UL channel quality (at |east
too poor to transnmt a packet in a single shot). In 30general nore robust
TFCls will be associ ated, conpared to the case where the segnentation (or
nom nal node) is not indicated. Another use case for the dynam c indicator
is controlling of the transm ssion power used in HARQ retransm ssions. An
HARQ retransnission is used, if the first transm ssion was not successful.

For HARQ. s TSGRl RL TaeS. sl 5. hatl Lhe ELEst feqept ban,(Lbat had

fail ed when uall € Second”one, conventlona
ARQ woul d onty %ﬁkﬁﬁu§@eoﬁ0thelstm&nﬂpogmefOTN@tet@%@ foor ddsrRQnbypi cally the

retransni ssi 9. Gan.be sent st by Loverosetyr espretiyely) guer SR

Consequently nore synbols have to 10 e used at a- non- associ at ed
control si gnaFdmyridred epr ARsnilewi biig defparddith Vhiallscatigasnm ssions if

ot her w ses t hgr $Aes RAf-ANBLET 8 (8f & Usechighhe shacinthatica Ud apspkgsion is a
retransn155|on can_be derived frominformati on on the used redundancy

i nf or mat i on, tA5FERTENAL &7 oA RERIRE & RerPaat af PHER c ABPLPRALOPRdI cat es
tr alnzm' Issi O[l)f@zf‘ @Mo@aglsgbc@atid Ned ritfr o1 3f @ﬁqﬁ,tamﬂ% Byt c | ndhcat or

cou al so be indicate the situ t|on that there js a need to
poncture mor b TPy HEohe POIE e TR R Ront cchetde. Actually it
may be | ess tiwamemoie WpiCT”i.f all bits are collected into one conprehensive
r edundan version table such as done for EDCH 1In this case there are not
i ndividual bits for segnentation indicator and dynam c indicator, but

i nstead 25 alf ttheishiatlgecady pooted taget ter ingldedi nesiagmalidiockior into a

compr ehens! Vend AL 118k 168GL UAeSNOLh LhRaseagens ali Ak gdkeater and the

dynam c indicator or the segnentation 1ndicator and t I's table can
be predeflne%PQNCQﬁR$$QPPééﬂ§|ﬁ$|%ﬁ1QQ§QHﬂ@ gabhe Wﬁ%ItWﬁﬂﬁmy@taﬂready

descri bed fofo@sgnfd %toln@gqﬁgﬁtﬂyr@fmpm/m»c%aheédw th & thGenshableg 1-4 show

exanples of signaling schenmes accordi
as data-non-associated controls signaling), such could be

adapted for purpcses of the present invention as well. It
is noted that having 2 bits reserved for this indication
combined with Dynamic TFCI, would make it possible to
utilize these bits in such a way that one signaling word

20 {e.g., “00") corresponds to the case where ACK/NACK does
not exist whereas the remaining signaling words (‘017,
710" and 117} can represent the size of ACK/NACK
resource when ACK/NACK is present. With this optimization
only one additional bit on top of the bit which is used

25 to indicate presence of the ACK/NACK signal in the prior
art is needed to be able to signal 3 different TFCIs to
be used for this ACK/NACK signal. If this information was
used individually, one additional bit could only indicate
two different TFCIs, causing a significantly coarser

30 guantization.

Explicit segmentation indicator
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to the invention. Table 1 presents a signaling format 21 wth one-bit TFC
signaling. Table 2 shows anot her signaling exanple with one-bit TFC

si gnal i ng.

In Table 2 the size of the MCS domain is reduced fromb5 to 3 (as

conpared to Table 1). Table 3 shows an exanple where the 5 signaling is
based only on dynamic TFCI signaling with two bits. Table 4 shows an
exanpl e where the dynamc signaling is used to configure the nunber input
bits of CQ signaling. 10 Table 1. An exanple of a signalling formt

accordi ng to“ﬁﬁﬁﬁiéﬁﬁ”ﬁé@%@n ESQ" dJH%tQN"Cgkah@h eéJNY£%O| size (# of
Its bits Dy o]

input bits) 1 bits 10 bits

10

15

20

25

30

nam C
dynamic resource alilocation signalling can be seen as an

additional example of this invention. This indicator

could be used e.g., in a VoIP application.

e At the cell edge it may not be possible to
transmit a data packet (say VoIP packet)
in a single TTI. Then the packet can be
transmitted using two HARQ transmissions,
also called nominal mode, where the first
transmission fails with a high
probability, and the desired Block Error
Rate is achieved after the second one. Of
course, as an alternative, one c¢an always
subdivide the VoIP packet into two
packets, but this will decrease the coding
gain significantly because each of the
packets is shorter and the coding gain of
turbo codes decreases significantly for
sort packets (VoIP packets are not
particularly big anvhow). It is also
possible to use a higher code rate for
initial transmission and always rely on
retransmission(s) but then the standard
rate matching approach would first send
all the systematic bits and then only
parity bits. This is undesirable as well
as it represents a bad interleaver., In
case of explicit segmentation, i.e. if an
information that segmentation is to be
used is included (e.g. via a signalling
bit or other means) this information can
be used to optimize the definition of
redundancy versions that are specifically
optimized for this case. Then a redundancy

18



1 Synbol space of control channel as a function data channel MCS MCS1 1 5 2
8 MS2 4 8 al2 MS3 8 16 16 24

version can be defined e.g., in such a
way, that odd and even bits are
transmitted on odd and even frame numbers.
If the first transmission happens to be on
5 a odd frame number (or TTI number or
subframe number, or another suitable
identification number of a specific
packet} then only the odd bits are
Lransmitted. More specifically, among

10 those bits that would be transmitted if
twice as many bits were available for
transmission, only the odd bits are
selected. This gives exactly the number of
bits available for transmission. For the

15 next packet, which will be on an even
frame number {(or respective number) the
even bits are selected. Thus after
reception 0f both packets, the receiver
has available exactly those bits, that

20 would have been avallable for a
hypothetical transmission that would have
allowed transmission of twice as many bits
as actually possible. The rate matching is
designed te provide an optimal selection

25 (within practical limits, e.g. complexity)
for a given number of bits. Therefore the
proposed algorithm will achieve a
{(practically) optimal selection of bits
when combining two transmissions.

30 According to the state of the art, the
Rate matching algorithm would select a
redundancy version that was optimal for
the first transmission, however this is

pointliess as the first transmission is
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MCS4 12 24 24 36 MCS5 24 48 48 72 15 Table 2. Another exanple of a
signalling format according to the invention Control type AN CQ A/N CQ
Control size (# of input bits) 1 bits

practically deemed to fail anyhow due to
insufficient available transmission power,
or because the coding rate is even above
1. According to the prior art, the

5 combined first and second transmission
would not be ideal. In particular, due to
the prior art, the first transmission
would contain exclusively or predominantly
systematic bits, while the second one

10 would contain predominantly or exclusively
parity bits. Cbviously, this is not a good
distribution of these two kinds of bits on
the two TTIs.

e One approach to save one signalling bit in
15 case of segmentation 1s to not to reserve
ACK/NACK resource corresponding to the
first TTI (the first transmission contains
almost always an errcr in such case, so
there is little use (little information)
20 in almost always sending the NACK

following the first transmission)

e TIf such a segmentation bit is present,
then, according to the present invention,
the meaning of the TFCI signalling for

25 data-non-associated control signaling is
redefined, because i1t is an indication
that there is a comparatively poor UL
channel quality (at least too poor to
transmit a packet in a single shot). In

30 general more robust TFCIs will be
associated, compared to the case where the
segmentation (or nominal mode) is not

indicated.
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10 bits 1 bits 10 bits Dynamc o 1 SVinbol space of control channel as
function data channel MCS MCS1 2 5 12 24 MCS2 4 8 16 36 MCS3

10

15

20

25

30

Another use case for the dynamic indicator is controlling
of the transmission power used in HARQ retransmissions.
An HARQ retransmission is used, if the first transmission
was not successful. For HARQ, the receiver makes use of
both the first reception (that had failed when decoded
individually) and the second one, while conventional ARQ
would only make use of the second one. Therefore for BARQ
typically the retransmission can be sent with lower power
respectively lower SNR. Conseguently more symbols have to
be used for data-non-associated control signaling for
retransmissions compared to initial transmissions if
otherwise the same parameters are used. The fact that a
transmission is a retransmission can be derived from
information on the used redundancy information,
retransmission number a new data indicator that indicates

transmission of a new packet or similar information.

Dynamic indicator could also be used to indicate the
situation that there is a need to puncture more bits for
control than in a non-nominal mode. Actually it may be
less than one bit if all bits are colliected into one
comprehensive redundancy version table such as done for
EDCH. In this case there are not individual bits for
segmentation indicator and dynamic indicator, but instead
all the bits are pooled together to define an indicator
into a comprehensive table, that includes both the
segmentation indicator and the dynamic indicator or the
segmentation indicator and the TFC. This table can be
predefined or signalled similar to the table that was
already described for associating the dynamic indicator

with a TFC.

Tables 1-4 show examples of signaling schemes according
to the invention. Table 1 presents a signaling format

21



8 16 24 48 20 Table 3. Yet another exanple of signal

ing format according

I
to invention Control type ANGJ ANCQ ANCQ ANCQ Control size (#
of input bits) 1 bits 10 bits

10

15

20

with one-bkit TFCI signaling. Table 2 shows another
signaling example with one-bit TFCI signaling. In Table 2
the size of the MCS domain is reduced from 5 to 3 (as
compared to Table 1). Table 3 shows an example where the
signaling is based only on dynamic TFCI signaling with
two bits. Table 4 shows an example where the dynamic

signaling is used to configure the number input bits of

CQI signaling.

Table 1. An example of a signalling format according to

the invention

Control_tvpe AN cal AN Cal

Cantrol size (# of input bits) 1 bits { 10 bits | 1 bits | 10 bits

Dynamic TFI 0 1

Symbol space of controf channel MCS1 1 5 2 8

as a function data channel MCS MCS2 4 8 8 12
MCS3 8 16 16 24
MCS4 12 24 24 35
MCS5 24 48 43 72

Table 2. Another example of a signalling format according

to the invention

Control type AN CQl A/N CQl
Control size (# of input bits) 1 bits | 10 bits] 1 bits | 10 bits
Dynamic 0 1
Symbol space of control MCS1 2 5 12 24
channel as a function data MCS2 4 8 16 36
channel MCS MCS3 8 16 24 48

Table 3. Yet another example of signalling format

according to invention

Control type AN cQl AN cQl { AN CcQl | AN GQl
Control size (# of inpul bils) 1 bits {10 bits{ 1 bits § 10 bits{ 1 bits | 10 bits] 1 bits | 10 biis
Dynamic Q0 1 2 3
Byinbol space of conirol channel [MCS1 1 5 2 10 4 15 8 20
as a function data channel MCS [MCS2 12 24 16 32 20 40 24 48

22



1 bits 10 bits 1 bits 10 bits 1 bits 10 bits Dynamic 0 1 2 3 W nbol

of contro

10

15

20

25

30

channel ITMCS1 1 5 2 10 4 15 a 20

Table 4. Still another example of a signalling format

according to the invention

Control type AN CQl | AN cQl
Control size (# of input bits) 1 bits { 10 bits} 1 bits | 40 bits
Dynamic 0 1
Symbol space of control MCS1 2 5 12 20
channel as a function data MCS2 4 8 16 32
channel MCS MCS3 8 16 24 54

In the proposed signaling scheme configurable parameters

are

s COI (number of input bits of encoder) and
BACK/NACK sizes

* Number of output bits of encoder {encoeding
scheme for CQI)

®* FEncoding scheme

* Symbol space for data—non-—associated control
signaling

0 separately for different modulation and coding
schemes used by UL data channel

0 separately for different transport formats of

data-non-associated control channel

It is noted that the modulation and coding scheme applied
for the UL data channel can be mapped into different

transport formats in different wavs

* Modulation -specific approach

MCS1 ——- 64 QAM
MCS82 ~-— 16QAM
0 MCS3 --- QPSK

23

space



as a function data channel MCS I MC52 12 24 16 32 20 40 24 48 Table 4.
Still another exanple of a signalling format according to the invention 5
Control type NN CQ NN CQ Control size (# of input bits) 1 bits 10 bits

¢ Modulation and coding scheme -~ specific

approach
o MCS1 --- 16QAM, ECR> 2/3
0 MCS2 —-—- 16QAM, ECR< 2/3
5 0o MCS83 -—- QPSK, ECR>» 2/3
o MC34 —-—- QPSK, ECR< 2/3

In a further embodiment of the present invention, the TFC
to be used can be defined using algeorithmic

10 representations. In this approach, each MCS is associated
to an Estimated Signal to Noise Ratio(ESNR). The ESNR can
be computed in dependence of the coding rate and
modulation rate of the selected MCS. Coding rate is the
relation between the number of data bits and bits after

15 coding and rate matching. In a second step, the TFC of
the control signalling can then be derived in dependence
of the ESNR. At first sight, it may be considered to be
equivalent to define a direct asscciation bhetween MCS and
TFC or an indirect association between ESNR and TFC.

20 However, the latter approach lends itself easier to be
put into formulas. For example, for the derivation of the
number of symbols to be used for ACK/NACK signalling, the
known formula for BPSK BRit error rate performance can be
used to determine the required energy and conséquently

25 number of symbols to be used to reach a desired bit error
rate, Also the relation between MCS and ESNR can be
derived using a few explicit definitions for some MCS and
appropriate interpolation between these for other ones or
suitable approximations.

30
Note that the segmentation indicator can also be taken
into account for this derivation: Because the target

error rate is only achieved after the second
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1 bits 40 bits Dynamic 0 1 SVinbol space of control channel as a function
data channel MCS MCS1 2 5 12 20 MCS2 4 8 16 32 MCS3 8

transmission, the coding rate to be used in the

calculation can be set to half the actual coding rate.

Alsd further transmission parameters can be taken into

5 account in a similar way as the segmentation indicator:
Depending on specific transmission parameters, the rule
to derive the ESNR from the MCS can be changed. Either an
offset to the MCS can be defined (in a similar way as for
the segmentation indicator) or an offset can be applied

10  to the ESNR directly. For example, some information may
be available about the intended QoS (Quality of service)
of a packet (or more precisely the service to which the
data that are carried by that packet belongs}). This QoS
will determine the optimum BLER (Block Error Ratio) of

15 the packet and this will affect the required SNR. So
consequently this information can be also used to get an
optimized setting of the ESNR. Further such parameters
inciude but are not limited to usage of $IMO or MIMO for
transmission. For MIMQ, even for s¢ called virtual MIMO,

20 alsc called SDMA (Space Division Multiple Access) two
streams are transmitted, this will typically cause some
inter stream interference. This inter stream interference
can be removed by interference cancellation techniques
including successive interference cancellation, that

25 performs multiple decoding runs of the data. However, for
data-non-associated control signaling, there may be no
coding (ACK/NACK) and then this interference cancellation
may be less effective, meaning that more resources have
to be spent than for the single stream case.

30
In a further refinement of the above embodiment, the
number of bits that are used for data-non-associated
control signaling instead of data transmission are taken
int¢o account. In other words, the above mentioned coding
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16 24 64 In the proposed signaling schene configurable paraneters 10
are CQ (nunber of input bits of encoder) and ACK/ NACK sizes Nunber of
output bits of encoder (encoding schenme for CQ) 15 Encodi ng schene Synbol
space for data-non-associated control signaling separately for different
nmodul ati on and codi ng schenes used by UL data channel 200 separately for
different transport formats of data-non-associated control channel It is
noted that the nDduIation and codi ng schenme applied for the UL data

channel can be na o, di.fferent %ﬁ trapsport for di fferent ways
Mbdul ation -SPeci ¥ C%&Spro%%ﬂ tﬁkﬂﬁ g L 1453 %Kf%ﬁﬁ? M 3QPSK 30
account, which are used for the transmission of data-non-
associated controls signaling. Note that this number is
only derived as an cutput of the calculation, so in
5 practice it is not known as an input parameter for the
calculation. It can however be taken into account by an
iterative selution, or by scolving directly the
corresponding system of equations. For practical
implementations, the exact way of calculation e.g. the
10 number of iterations to be performed and the starting
value to be used must be pre known at both base station
and mobile station in order to ensure that both calculate
exactly the same result because otherwise decoding of
both the data-non-asscociated control signaling and the

15 data can fail.

In a further refinement, not o¢only the modulation scheme
and the code rate are taken into account, but also the
size of the packet, e.g. the number of payload bits or

20  the number of bits after encoding or the number of bits
after rate matching or the number of symbols available
for transmission or the number of allocated resource
units. Basically each of these quantities is eguivalent
as one can be derived from ancther if code rate and/or

25 modulation scheme are known as well. The reason for
including this information as well is the fact that the
coding gain for turbo codes increases with increasing
block size. So if a larger block is encoded, a somewhat
lower SNR is sufficient for a desired error rate.

30 Consequently somewhat more symbols have to be used for

data—non-associated control signaling.

The invention has been described primarily for the case
that each UL packet is scheduled individually. It.is
26



Modul ati on and codi ng schene - specific approach MCS116QAM ECR> 2/ 3
MCS216QAM ECR< 2/3 50 MCS3QPSK, ECR> 2/3 MCS4AQPSK, ECR< 2/3 In a further
enbodi ment of the present invention, the TFC to be used can be defi ned
using algorithmc 10 representations. In this approach, each MCS is
associated to an Estimated Signal to Noise Rati o(ESNR). The ESNR can be
conputed i n dependence of the coding rate and nodul ation rate of the

sel ected MCS. Coding rate is the relation between the number of data bits
and bits after o n mat cond ste he TFC of
the control §| g%‘g? iT Sog %pdeﬁgg}g ¢ e%m\?eg:a“se’dghéﬁ e%‘f:eerac}f %?ﬁk NR. At
first sight,are ﬂ@yedaé.ecﬂowstdeaeﬁilmqﬁdaescﬁmsﬂlu\lahencomrdhf iadeca direct
associ ati on o SS e en ESNR and
TRC 20 Howenar CEhe Iatar Bobr Saei sy e A S

f or nul as. Foth%x%q[ﬁ ef VolPt he deekstatniaon bef schednlebeaveasty SPmbol s to be

used for ACKLNAGK:sianRakling: ohBSaknowe S eiemukarf 9r BRI Bilcerror rate
per formance can be used to determ ne the required energy and consequently

25 nunmber of PaFRPoIVYY BdMGsednid FRRAIIRAR 6§§PP%§I Bre Ethesiuliage. Also the

rel ati on bet weermdds asn@oE%blB Bahs P L1y 8dne8lNgd 3od @ X PlikCinhy
definitions for sone MCS and ﬁgroprl ate int ergol ation between these for

other ones oP®sUFTHEbIE YabPr ORFHAELT oS S5 tRoPE T ARECTHR- S SERTALi on

i ndi cat or cam@ﬂlsmrby atnaikehehnth)eamﬁmaﬁ offOByhabstdBdilh@tsleﬁmasBdéause t he
target et rate is onrlpy? achi eved af r#k&emsn (g Otransm ssion, the

codi ng ra F% USSP SENEUE ) T A DR BB et O WA Re act ual

codi ng rate ma\i/simefm:r tshmstutanentlsﬁlmqaat@mt ecbedahitye Myaken into 5
account in ag n r di ng on
specific trangﬂlznﬂsés%ns\o%érdg%%g aﬁ& Ittlél%t 358219?%9 %1&53%% ‘fromthe MCS
can be chang®uotimy hapramcof figétb$ otct herqmgecaheb@e@l@fp$md (in a sinlar
way as for thesSagenAthoRakpdigats )pé}rm%rt‘,e%f sehe&al RF Rppkhad 10 to
the ESNR directly. For exanple, sonme information nmay be avail abl e about the
i nt ended‘?}nsl’(‘@lafﬂ“ﬁ]ylaéf w3Er FPceFt Futa Padikés G&Veﬁ%%‘én prdciceEryet he
service to whtchs tdesdastibat asecaddirednRyet bab paskaickel orgs). This
Q@S will determ nge the optlrmm BLER (Bl ock Error_ Ratio ‘2' of 15 the packet
and this wilPSafFEE e GEEGGTPRY Mg S S0 48e GOBAT | 5K Hi8SSSnf or mati on can

be al so used to get an
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optim zed setting of the ESNR Further such paraneters include but are not
limted to usage of SIMO or MMO for transm ssion. For M MO, even for so
called virtual MMD 20 also called SDVA (Space Division Miltiple Access)
two streans are transmitted, this will typically cause sone inter stream

i nterferengmat ERlSmkdier streaminterference can be renoved by interference
cancel l ati on techni ques including successive interference cancell ation,

that 25 perfornms nultiple decoding runs of the data. However, for

dat a- non- associ atﬁgﬁ dgontrol signaling, there may be no codi ng (ACK/ NACK)
and then this {MEMICURENEnCcel | ation may be | ess effective, meaning that
nore resources hay, yRG I eamcase. 30 In a
further refi nenent&cgéﬁ?gg aboeéelb;egr%éoageifd%ﬁ%%}%? e&%{iﬁ%‘g%’of bits that are
used for data-non-gasndiady edectony indesmingnal theidedodsd éathntitalbadekcteddansmi ssi on
are taken into_.account. ILn other words, the above nentioned codin rate is
cal cul at ed takﬁoﬁ'@atﬂ%trﬁ]t%@ﬁn%ﬁn‘%Vh”ﬁglt]@nit?]P@e%]@&fm%P?n:vﬂﬁy&bobF@Cﬁg@d f or
the transm ssi of = i - ols signaling. Note that this
nunber is onl y&gaeir?{n%/e ng@gﬁﬁggl?gﬂﬁ{ogg]gtﬁ%g{ggal culation, so in 5 practice it
i's not known as arencofing theatagrmérenssbaatet hpliclatanmlodbigadling dsipesaidhowever be
taken into account by an iterative solution, or by solving directly the
correspondi ng #R36%> Bfuat i ons. For practical inplementations, the exact
way of calculatio . er  of s i: f OF and the
starting val ue to%ggdlg g{dé%ﬁs(?edt%ﬁ%gﬁén %fﬁg%gg{%{g@?%%%%gﬁg gr{%%hn ﬁ%l nobi | e
station in ordbmainicalinseleced fahbdlGpiveaidnpukiti eplakatitd, whehin sadetheesul t
because otherw se decodi ng of both the data-non-associ ated control

si gnal i ng and fRemeBoyeamprisgs ap fdicatipp oha mpdukiiien pefeneerarmodylgiionon| y t he

modul ati on sc ' e i 1 G | so the
size of the pg%‘Lagcto aﬂlgsgﬂ@ﬁi%%%ge@ Sg]{d S&‘é"%ﬁ%’&"‘%i‘“’% gf%gt(r&i%éfﬁ %Iﬂlgéﬁ?’?ﬁ er of
bits after enceftidigeas a plreddfingd edlatidn htiSenddaldindicateg nitttuldtionGclind sie nunber
of synbol s available for transm ssion or the nunber of allocated resource

uni ts. Basi cal3%if magHatm andcoding seheme ardsaisdyugmicalysalected tungpostan be
derived from %%{[qﬁdi.l:e{ti %ode rate and/or 25 nodul ati on schene are known as
wel | . The reason for rncludi ng this information as well is the fact that
the coding gain for turbo codes increases with increasing block size. So if
a larger block is encoded, a somewhat |ower SNR is sufficient for a desired

error rater 30Mtednebediesrording Bnadeliinl . whnrensyigisynamisalhe salestesbfongad f or

dat a- non- assocj . ' | i iLhvent bon has been descri bed
ori mari 1y 1 or CACCERMER, seBLARR 5 B sl b 8RR SRR Ryl
IS control signaling is sent using said dynamically selected symbol space from user

equipment to said base station.

3. The method according to claim 2, wherein said dynamically selected format
control signaling is sent from said base station with said other information
comprising control information including an indication of a modulation scheme
or of a modulation and coding scheme and wherein the indication of the
modulation scheme or of the modulation and coding scheme combined with the
format control signaling defines said dynamic selecting of said symbol space for

said data-non-associated uplink control signaling.

4. The method according to claim I, wherein said format control signaling includes

both a semi-static part comprising said other information and a dynamic part,
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26 however also applicable to the case, that several packets are schedul ed
with a single scheduling conmand, al so sonetines call ed persistent

schedul i ng. For exanple in the case of VolP, a packet may be schedul ed
every 20ns, 5 because the voice encoder does deliver a coded voi ce packet
every 20nms. This approach reduces the scheduling overhead. Al so for
persistently sghegHlsed BASKRI St ik sdBY cBRIrOIQGRDARE ¥f {ydnbdlEhddd FoSQTE

dat a- non- associ ated control signaling and then the nunber of synbols to be
set aside 10 fduta-tén-gsspeinfedsplimusintml signdengdet er mi ned. One approach may be
to substitute the persistent scheduling by explicit scheduling and apply
the invention directly. Another approach can be to provide the necessary

i nfornmation alTiRadYnbdaddRIREISUSHEN WREBALMIPRABE tiseflaa Sinilar
way as set out in this invention. O course, it 1s also possible to conbine
t hese two appromdieesf bits dfchases! ghalghiddicatorf featbeclt sipealbmgorers in t hose two
cases. What is clained is:. 1. A nethqd_conprising: decoding dynamcally
sel ected for nﬁckg%\ﬁﬂeggﬂm@t&gg@lpﬂ%,or%o%, fﬂfg&rﬁnﬁ%‘iﬂ%% sel ecting, in response
to the decoded dynamically selected format control signaling and in
relation to other information, a synbol space for data-non-associated

upl i nk comi.r ol A saegiead dongprising:  encodi ng t he dat a- non-associ at ed upl i nk

control signaling uysing said synmbol space, and sendi ng the encoded

dat a- non- associ at etV PG selsriteR S@@Aapqcﬁgow%o&-ﬁ%oaﬁ?gwgak| y sel ected
synbol space any) i | i ' Jon

conpri ses an ?dr?g{aggﬁ%ﬁggg L%ﬂ%gﬁp@%@nﬁg egbﬁe%ofgngét%ggﬁ)lgﬁﬁn ind codi ng
schene and wher ei ndgantdcdly thadgispbaectsa siapedhpd-dyltiphs-aapityndale andfaer ence
to a pre-defined relatjon between said indicated nodul.ati on schene or said
modul ati on andrEalaprigpiccnawemgiiplesertautgpedamiceanding eaplisk sdhefilshsport f or mat
i ndication. 2., s}@&snet hod according to claim1, wherein said dynamcally
sel ected format confrol signaling is sent froma base station and said

dat a- non- associ at eskndiplgithkseteuindd dita-abgasgbeiagdiuplisie bdntiod siggalidl whighynam cal |y
sel ected synbogl space from user equipnent to said base station. 3. The

net hod accor dib§geleefed pumnbal spacgryaiieiranspast doramah SpBRATIQNSQPHBEERY f or mat

control si gngioéﬁp%élf %Ogggﬁg S[J%%I]@ﬁ&%;;#&ﬁ@-gﬁﬁpﬁf ﬁlﬁﬁ'e Wd ﬁiéﬁhﬂgﬁ%gﬁiﬁgﬁ of a

i nformation rs n ronrncluding an indi

modul ati on sci@uemattipid-o@pindudaivha@vinasatl dadaingulsphRarputandltiphesnepi t he
i ndi cation of the nodul ation scheme or of the nodul ati on and codi ng schene
conbi ned wi t hmpAebensiikelors binckspreafigaapphvgl e muliade sentep] gyeams wheredect i ng

ST oL oYmoch, SREGE AL o SRS R L P g™ 9 10
i ncl udes bot hsprefitig s abBdptiepart conprising said other information and a
dynam c part,
7. Apparatus, comprising:
at least one processor; and
at least one memory including computer program code, the at least one
memory and the computer program code configured to, with the at least one
processor, cause the apparatus at least to:
decode a dynamic transport format control signal received from a base
station indicative of a dynamically selected transport format, for decoding said
control signal;
provide a decoded signal indicative of said dynamically selected transport

format; and
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28 wherein said dynamic part is used to control a nunber of synbols used
for said data-non-associated uplink control signaling. 5. The nethod
according to claim1, wherein said synbol space conprises a nunber of bits
of channel quality indicator feedback signalling or acknow edgenent
signalling, or both, for said encoding. 6. A nethod conprising: dynamcally
sel ecting a synbolensfcutd-86n-6kabaaia ipRsie Ot ednslg With & ethbdllspadegnal i ng
according to dynam cally selected folinat control signaling;

dynami cal | y clalegiedglybaniseldnacgosiimgybash it paid dymenmicglyeselpgtedutangivtie and a

virtual nmultiple-input- ti - out.put node accor.di o, upl i.nk schedul er
deci orons: - MoftnardBtaAbby 4 Sumeuf SandarceoRgn. deulthd R AR Eont r o
si gnal i ng usi ngr ERANSKIGLLRIISYWHR Hai RS AR Bikd RafisPRARGM! sdi@bimeE

conbi nati ons optim zed separately for said single-input-nultiple-output
nmode and sai d iuformatdn campriset en mplidation bf & plodubitivp sthemede awheduddtions ai d
virtual nultiple-input-multiple-output, node benefits fragm bl.o spreadi ng
2ppl | od Tor mAiBRBECH T O ER DAL HRR £aseish SRamiealy B

si ngl e-i nput - ELdRE 6 ngep(%gﬁngggé?aﬁ&nhfetﬁé&r@id MfichRd ARIdulH6R d MR or

spreading is not applie paratus, conprising: at |east one processor;

and at | eastmoddatiwnordycodmgl soimgambsapiteranpeadlyrsalected drapspolte at | east
one nmenory and. the _cg_rrﬁuter program code configured to, with the at |east
one processor , CEAYLBAERON, hhar atus at | east to: decode a dynamic

transport format control signal received froma base station indicative of
a dynamcally selected transport format, for decodi ng said control signal;
provi de a flecdiletipphgnalacéordingad chaenm Gf whedeth ghixkhfoninetaddnyrobageedingd t r ansport

format; and encode data-non-associated uplink control sjgnaling with a
synbol space SBFEEERPG se-Halg %@@&W%B%WBSW% %m%g% sy

sel ected transpos fo EARERE nhABLAASSHALR 381 For TG ASSPAEL BRI 1 0!

signal and other 1 nformation ansn ssi on enco data to the base
stati on wher eicongal dgdlingr i nformati on conprises an indication of a
nodul ati on schenme or a nodul ati on and codi ng schene and wherein said synbol
space is selected dynamcally by reference to a pre-defined rel ation

bet veen saj.d gl Eahem AN AL ORI AR Al fhrmdiLakl AR apdagod ng

schene and sai ected fransport format indication. 8. The
appar at us accarsliropsigmaliak @bmpriseswhemeban of ahahntlonnaiity iadichtooteedbaghal i ng

i ncludes both a sem -static part and a _dynanic part wherein said dynamc
part is used t%’H@@Fﬁqr@Fk@WG‘E%?FGHBWI%W%BW%O%sed for said

dat a- non- associ ated uplink control signaling.

10. User equipment, comprising:

a decoder, responsive to a dynamic transport format control signal from a
base station indicative of a dynamically selected transport format optimized for a
single-input-multiple-output mode or for a virtual multiple-input-multiple-
output mode selected according to dynamically changing uplink scheduler
decisions made by said base station, said decoder for decoding said control
signal for providing a decoded signal indicative of said dynamically selected
transport format for use in data-non-associated uplink control signaling; and

an encoder, responsive to said decoded signal, for encoding data-non-
associated uplink control signaling according to said dynamically selected
transport format for transmission to the base station using the selected transport
format wherein said virtual multiple-input-multiple-output mode benefits from

block spreading applied for multiple control streams whereas in case of single-

30



9. The apparatus according to claim?7, wherein said data-non-associ at ed
uplink control signaling conprises a nunber of channel quality indicator

f eedback synbols or acknow edgenent synbols or both. 10. User equi pnent,
conpri si ng: a decoder, responsive to a dynam c transport format

control signal froma base station indicative of a dynamcally sel ected
transport for f‘iﬁf)utgﬁﬁllti?lezﬁﬂ dtQhod, SHeRGnBHANR Wi Whe-PHapiAy idBste or for a
virtual nultiple-inpu -nulglpleoutput node sel ected according to
dynami cal |y cheppbéhg uplink schedul er deci sions nade by said base station,
sai d decoder for decoding said control signal for providing a decoded
signal indicative of said dynamcally selected transport format for use in
dat a- non- agsocAgletudRbinBlisingnt rol  signaling; and an encoder, responsive to
sai d decoded signal, for encodi ng data-non- associ ated uplink control

si gnal i ng accor di ngptogessar; dndlynam cal | y sel ected transport format for
transm ssion to the base stftion usi ng the selgcted transport format

wherein said virtu&" RIS l@m&fﬁmp- PEIFB-BUEput node benefits from
blrock spreadi ng_apliashdpndleldoflcficr BRigrh c34¢ SaAGH G i case of
single- input-nultiple-output nodé, the signaling I's optimzed when
spreadi ng i s notcappl cavde tht bppApmarblead to:conpri sing: a processor; and a
menory includi ng conpyter program code; . the ry. and. t he conputer
progr am code confi@E?aﬂﬁﬁﬁ?oﬁﬁ%WP¥ﬁ%m£W5@é§§Hﬂ§mgggggaﬁﬁﬁgngﬁ¥ﬁF%§?at

| east to: Pt bOUR SRR RENmiSliENAbs AhpBadftsa signal
for providing %&%@ﬁ%ﬁ?@kﬁggﬁgﬁ%ﬁt8§orn%@ contro lg?gnaF ﬁor F?ansnission
from sai d appavakersquipmenersagqonfrokesignal galichtieonf 4 dimasaigaidl selentdidcat i ve of a
dynam cally selected transport format fo at a- non- associ ated upl i nk

si gnal i ng usedIad’?P%fQimt%gF dé’&moﬁr?é?ﬂc,lat%fLHﬂI Signglipg vy Sidhsst ong with
decode said d - asgoci ated signaling fromsaid user equipnment encoded
in a synbol s%%@gﬂgﬂ?%%?ed by sai d user equi pnent according to a
pre-defined rel atidum ketiveksona withalstodewaidafatsadidagsodiped eiphalingfiahs of sai d

dynam c transport format control signal_ and detg%ni ed py said, user
equi prrent  bas e¥IbSCE sqHPREntsnrerded InAsyaby spasepelestRd et WRHFRIRS | ude a

transport for indi.cator e IS : i schene
i ndi cat or andmaﬁg?ggﬁggéﬁéd?@%%@g%ﬁggn ofﬁggﬁgﬁngﬂggggﬁfgﬁﬁgg% tsyrrbol

space of said databs siaidadsamiatadpon fornat sorgrodkigngt and deebraticd dydyidam cal |y
by said user equi pnent bé reference to a pre-defined rel ati on between said

i ndi cat ed encodeheluRAENpasidPissidrelaigncybgrinspridcomposspsinalsdadude 42 The
base station j : i . i j V. I: port format
control signaﬁ&%ﬁéﬁtgggﬁgg@kﬁgggé#Pggﬁggﬁégﬁggkﬂggéﬂgﬁgg%%%?@épart wherein
sai d dynam c piatdicatos anb etlercin ahfcedback afdnsyidnancsdde saiddymboldpaem - stati c

part is used to control said encoding schene. 13. The apparatus, of claim
11, wherein satigaiddasper-esspeipteauplipkpigndimg 1o peledediduipmpenlly Dysaid User one or
two synbol s for indi [ ecti Il ynbol
alternative sf%%gﬁgggggés Egggéﬁ%ﬁ%é%gg%%ﬁ%ﬁggﬁéﬁgghS%g}&%g%gge station,
conpri si ng: encoding scheme and said indicator of said symbol space.

12.  The base station according to claim 11, wherein said dynamic transport format
control signal includes both a semi-static part and a dynamic part wherein said
dynamic part is used to control said symbol space and said semi-static part is

used to control said encoding scheme.

13.  The apparatus of claim 11, wherein said transport format indicator of said
symbol space is one or two symbols for indicating, respectively, two symbol or

four symbol alternative symbol spaces for each encoding scheme.
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an encoder, responsive to dynamcally selected transport format conponent
signals and to a data signal, for encoding said transport fornmat conponent
signals and said data signal for providing a dynam c transport foi nmat
control signal for transmi ssion from said base station to user equipnent,
said control signal indicative of a dynamcally selected transport folinat
for data- npnasgcbggeagtﬁgmg@(grhﬁlfsigé;gnal i ng used by said user equi pnent; and
a decoder, responsive to salid data-non-associated uplink signaling, for
decodi ng feedback #némodern respormevsdp dymnicallsselattadyirmmspabidrpasel ect ed

transport format, wherein transpart forpat comhi nat.ions can. be optim zed
separ gt ely forcoériﬁ‘ﬂ?élflétﬁl%lﬁa!ﬂg? g%ﬁ?&é%ﬁﬁ&?&“&ﬂ H%FW?EQPSPO“ ormat "
mul ti pl e-i nput gtk s?grﬁibteﬁhﬁtsaf&{%@assimgﬁ'p?oﬁdﬁ leshedic RS EhARYSS

dynam cally. 15. A system conprising: a base station, conpri'sing: an
encoder, responsirgksigml dymtemsmadsiopn feeh ewd daset stawago userfequipatent smiponent

signals and to a dat.a sigpal., said transport faormat copponent signals
Thelud: ng an SHEB! gl CHBrE e Rl S BRCar oo EphEan RardaToR *sai d
encoder for en&g(ggiﬁgdﬁﬁhg( stié&'_’l‘iﬁg%édﬁ}psrai%s& Nt .5 gnal s and said data

signal for providing a conmbl ned data and dynamc transport format control
signal for transm sdewder, raxposavadtobaslelast-adi-ansodiated sphinlegjpmadmenfor sai d
control signal  indicatiye aof _.a dynam cal.ly selected. transport faunal for
dat a- non- assoctsPUE Pk BEHmAbe %qca?#élpg Rgar g ysgla?leé frapsport

equi pnent; an t Ahee ESRRDSIN BNk 2k he 8hds 3 [ d uplink
control si gnaﬁo%afrom ggl?ﬁ{sgglgr equ?%rr@ﬁt, r%or ‘é’eg@g?‘%g&é |d29‘915/%lj3

dat a- non- associiagledhpupimuitiple@atpus hndvignal maktipErinpdedultiplaospnrinbdespace

sel ected by said user equipnent according to a pre-defined relation between
sai d encodi ng ‘é’]&?{@ﬁé‘%‘?ﬁﬂ?@éé’ﬂ Cé‘ﬁ’éﬁ@éﬂ’@?‘%?ﬁ’%bl space indicator; and user
equi pnent, conpri sing: a decoder, responsive to said dynam c transport
format control signal fromsaid base station, for decoding said control

si gnal forljr oXisgiterg campesiaded si gnal indicative of said dynamcally

sel ected transport format; and a encoder, responsive to said decoded
signal, for entPRiFABISRi@MPESHEhonassoci ated uplink control signaling in
sai d synbol space,sel i i - i i et ween
el d oncodi ng sonEnaerEEaRRtRERh Bhhe T I EELPCRAE Shipfe

transm ssi on tggideardlase dataadigen. sailiGrandparoforinbacshpoeyt sgiaplineudingadabl e
medi um i n which pro%r am code i s stored, said program code realizing the

fol | owi ng wherfesEeding schspnedngicator drdi syngled spacs dldigaamsad epgodsefasct ed

format control_sj |k Qﬁﬂnfﬁﬁ ' Nk se to the
decoded dynam %@P%@gggﬁgﬁl%}q%’%mt C n%"?%{@?:ﬂ%%??%& dg{r%dﬁéﬁpfdgl ation to

ot her i nf or mat providing Seoiisihed@as end dymatad aadport Ao caited sigphl ok cont r ol
signaling, wherein said other informtion includes a nodul ati on and codi ng
scheme and whelFISRUSPE (5078 saidtbapsmdetiando yerramingisab edidgoatrelyigndd apl e
according to & ~defd [ ' 1 cal cted
format contr o?mglfcgtﬁ‘gﬁ (lgflnarg}ﬁglﬁ‘én ?(lsazl&aglggﬁgbﬂ;ﬁsﬁp gm‘%t g%r?(f’a% ﬁ(% égr;sgglgéeﬁg t he

dat a- non- assocuinkdob@bl siknaliaf ferlse B gaidkei@quipnit@t; sadd synbol space, and
sendi ng the encoded dat a- non-associ ated uplink control signaling using the
dynami cal |y sel ect &godgnissponspade saif shat-winrassemtipd kplirk eontreysigmatiag
non-transitory. t i of.dj | ai,m ein said
dynam cally se ré@gg@ ufeg%rr rgglﬁ)q@%ﬁ’?frogﬁgcg |H{]H %%fdnc%gﬁl'@&gés%? &fi fr%grl'rlp %&%3% ér%it ation
and sai d dat a- $igidiag 2acidel &fla bRhbslkps@nkleoled by ghial usBiGduipre@n bedssding sai d
dynam cal |y sel ected synbol space from user equipnment to said base station.
18. The non- t riamdireWeiineoiepitios betwegd spid eneading sphame drditaier and seidai m 16,
wherein said fspi I nzt contcf.o sigpaling includes both a sem -static part and
a dynam c part,ynm? PRECR AP mc part is used to control a nunber of
synbol s used for @@}@hlﬂ@h@mp@mn@wi ated uplink control signaling.

a decoder, responsive to said dynamic transport format control signal from
said base station, for decoding said control signal for providing a decoded signal

indicative of said dynamically selected transport format; and
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19. The non-transitory conputer readable medi umaccording to claim 16,
wherein said other information conprises an encoding schene. 20. The
non-transitory conputer readabl e nediumaccording to claim 16, wherein said
dynami cally selected format control signaling is used to configure a nunber
of input bits of channel quality indicator feedback signalling or

acknow edgement  sig8abddidre9forRRERo £AN d8@iddd dBha; RRRNARHALi Al 85la-GBAL I O
signalling to a user equi pment encoder. 21. paratus conprising: neans for

decodi ng dynardssedidtgd s@inkatoetiof agmrding ¢ etid eymisel gpadeisplgeted accordivgts f or
dynam cal ly sel ecti i sponse to the decoded dynam cally sel ected
format _cont r ol 48 RIFARTIPRS SN PNt e HEPTE e oy ool
space for dat ayReR: §3e0HdRbLRH Pkl GRIM b Phe Sds85@libMY Wherei n said synbol
space is selected dynamcally by reference to a pre-defined relation

bet ween sai d indicated nodul ati on scheme or said nodul ati on and codi ng

schene and, sai d dynani.cally sel ect transport f.ormat indication
means for cdginﬁé-tﬁaﬁ%wa.‘éeén%ﬁm&@ g ae IYHED BOREATH PO 1 8SIng usi ng

ZZLg-ﬁgg?ggsigggﬁgﬁgggH%?%F&E%gﬁﬁﬁ?ﬁgkﬁg?%gﬁ?ﬁg&%gﬁg#?%g?ﬁ§m§£iected synbol
space al ong wi th ujekodikg datamically selected format control signaling,
dynamically selecting, in response to the decoded dynamically selected
format control signaling and in relation to other information, a symbol space for
data-non-associated uplink control signaling, wherein said other information
includes a modulation and coding scheme and wherein various alternative
symbol spaces are selectable according to a pre-defined relation between said
dynamically selected format control signaling and said other information,
encoding the data-non-associated uplink control signaling using said
symbol space, and
sending the encoded data-non-associated uplink control signaling using the
dynamically selected symbol space along with uplink data.
17.  The non-transitory computer readable medium according to claim 16, wherein
said dynamically selected format control signaling is sent from a base station

and said data-non-associated uplink control signaling is sent using said

dynamically selected symbol space from user equipment to said base station.

18. The non-transitory computer readable medium according to claim 16, wherein
said format control signaling includes both a semi-static part and a dynamic part,
wherein said dynamic part is used to control a number of symbols used for said

data-non-associated uplink control signaling.

19. The non-transitory computer readable medium according to claim 16, wherein

said other information comprises an encoding scheme.
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20.

21.

The non-transitory computer readable medium according to claim 16, wherein
said dynamically selected format control signaling is used to configure a number
of input bits of channel quality indicator feedback signalling or
acknowledgement signaling or both for said data-non-associated control

signalling to a user equipment encoder.

Apparatus comprising:

means for decoding dynamically selected format control signaling;

means for dynamically selecting, in response to the decoded dynamically
selected format control signaling and in relation to other information, a symbol
space for data-non-associated uplink control signaling wherein said symbol
space is selected dynamically by reference to a pre-defined relation between said
indicated modulation scheme or said modulation and coding scheme and said
dynamically selected transport format indication;

means for encoding the data-non-associated uplink control signaling using
said symbol space; and

means for sending the encoded uplink data-non-associated control

signaling using the dynamically selected symbol space along with uplink data.
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