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DATA MODULATI ON I N A COMVUNI CATI ON SYSTEM The present
i nvention relates to communi cati on of data and in

w@2008i130b&@ar to nodul ati on of data transmtted PEL/RRENS/054860

two entities of a conmunichtion system A

comuni cation systemis a facility which facilitates
conmuni cati on between two or nore entitles such as
Connunléﬂtégﬁ%ﬁﬁ{ﬁil network entities and ot her
nodes QN IN A GOMMUNJCATION SYSIEM by one
nore interconnect networks. It is noted that although

a conmnu Lcat;on S temtypically conprises at |east
TR, Bt eﬁte&tammmmwteamaéa A pcgasieie t

sinmplest forma connunlcatlon systemis pr
two entities comrmunicating with each other. The

ACooiriRiiessibh @sﬁﬁv iSCA FRYility WhichOfaciisRENdPnmGREARAR!
of data f& c i ng Conmuni cati ons such as vol ce,

mwum@an Jpvicen.etwek entitiesiand ether
nmom mmﬁmwwma BbSorEVideE 8) Sorftf mdRe interconnect

r.opri.at e nlcatlon deV|ce An approprlate
'@%&5 it w@ﬁ]tﬁu githeugh a commuNination-rystedypicallyicgimprises
aamesmémommmﬁahm&n, forShHafple\a BEHL e hef or a

.__comupi cat.-ons.. system_nmay be rOV|ded hy . neans o
“F%fﬁﬂ of i gbilg, é%émcﬂﬁﬁﬁﬁggﬁwlBﬁa¥mm@mﬁﬁﬁﬁ eekmaﬂs

pﬁﬁﬂhﬂh@bM@émﬁkskhﬂﬁmﬁmimﬂ@ﬁhﬁEa&#am%ﬂ?ﬁ@&&nﬁﬁﬁﬁﬁﬁmxnmy
stengglnclu e cellul ar access netwyrks, varlous

- SPEmupication of Jafa fonraryying,peramusisations such

 apetics)ekctiohie diRENRIT Gaxd MBAMRY:, mafikRHla 4 £Ased

comuni cation systens and vari ous conbi nations of
these. A communi cation systemtypically operates in
AdsephEg ReMmiinicAte b ine AR SChrPAhSiriate Sfthmbhication device. An
a@&gﬁlflcatlon and pr tocgls which set out what the
fa é%%?%mﬁﬁﬂ@mﬁﬁrﬁﬂﬂﬁeﬁ’ﬁ@“ﬁ@‘@ﬁﬂ

chamubleations a9stomh. ih arbésy ed m&%mmhsns Isystof may be

def i ed |f he user, nor e preC|seI user
PlRBlety fns2fs of 21t fioe, o vileless; eoreimiGafon miedbes. o a
compinalioas osmhaamiwsebﬁ wRElebo abcest! '

. s & ; Sterhd) tndiRieN Sdiiulal
whi-ch _co nlcailon and various aspect’s thereof should
B@ﬁ@?@%e‘@ PlSss” Beal Sres nefworks (WLANS), wireless

pammnalamauuﬂwnﬂe;ﬂﬂﬁ¥ﬂkﬂ sateliite based communication” systems and

pecifications and prolocols which set out what the varicus elements of
the system are penmitied to do and how that shouid be achieved. For example, it
is lypically defined if the user, or more precisely user device, is provided with a
circult switched bearer or a packet switched bearer, or beth. Also, the manner in
which communication and varicus aspects thereof should be implemented
b&Mﬁeniheuﬁmrdbwueamd1hesmmmuseﬂxmaﬁstﬁihe1xmmnwmumkmanﬂ
ther functions and résponsibities are fypically defined by a predefined
commuznication protocol.
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bet ween the user device and fhe various el enents of
the communi cation and their functi ons and

WO e@posddi lities are typically defined by a PCI/EP2008/054860

predefinedin a radio or wi fel ess systeman entity in
the formof a base station provides a node for

communi cation with user comruni cati on devi ces, often
referred to as nobile stations. Conmunications in the
direction fromthe base station to the user device is
I aqadio Sor WRIEssisPStefiNam enflp I tHeorm 0Pa) basC BRI fraVidey s
§$%%he d|rect|on fromthe user deV|ce to the base _
noge, for somraunication st user copmiynicatien deviess. offan irsfrired tg ps

nkdbllessﬁﬁahﬁdCbhﬁiunic&h&%f 0ath8 dinéeich oM A3 Wass tskitioANo! the -
cal I ed ' Node Si gnal | i ng betvveen various entiti es

usgrd Wﬁ@@s g og; 3 fomniiny (BL)- c Gemmynicatiens
direétionl frostha. usthgeviéd fodhe b@é@é@u&:ﬂsm %h%s%&irﬁﬁﬂ oﬁ BR

i‘ﬂf‘kﬁaﬁgi to comTumP;%hg Contirag)lﬁﬁs)l gnal | i ng 'NGFlgB’

~not rel at ed as such to -the data-content the users nmay

e transferred. In fI|e fol | owi ng .t hese two
. Sgilioo Jeiast o gk ruahbe SV ARATCHBRIRO Control

datihah® lactilat datd. IThe BNAEk AR 16 1189 Ahtd BEhtoBE Qisers wish o

ropriate. To .ensure proper. operation of fhe system
- ol Srongplaianaling. e aropeleso rRgREF ot iampten that

-~ i6 A6k relatHEs mfwmetdzﬂa daimm&ﬁré 2 iAol ieirhishered. In -

the arm fpr on conve ed by contr.ol
- 18 lgin S5, S8
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rggm,ré) ntrol

sigﬁaumglahudemsn% goivhénei rgbﬁateThIS s Iess than what
d by d

can be earne ata nodul ated synbol s, for exanple
Quadrature anplitude nodul ated (QVS) synbol s. For

waﬁaire phésd\bpeationest maetwstaamméfbo%ﬂ £igridlling StySicallyShas

qq%@lye of , contr\% s%%ggsthetr ﬁggrd}%fndme
t ,

- &nheu! iglg, mfoﬁﬁém reirREfel] Bp 26nthiTK/ difialing | %ahl iz30. by

e S'i%%&'@&” S0 7 S B T 5 ess than

mnmretzefcmﬂﬂewmm@ | 96y Sxahiple SQaadiatire

ac% Wﬁd@ﬁmrec éﬁcﬁj’é’r Des |t %FS adva%g&esd&

- . QAM ¢irdss 6 bits.

An example of control signafing is the tansfer of positive and negative
acknowledgement information signalling, often refemed 6 as ACKNACK
knowledgement signalling is used to provide feedback

© conceming previous fransmissions, for exampie if a previous dala transmission

such as a data packet is properiy received.

Despite the advantages in signalling technologies, there is still need to optimize

reduction of emors in controf signaling. Use of a single modulation method for
conftrol signafiing and data signalling might be desired in various applicatio:
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t he performance of comuni cations between two devi ces,
for exanpl e though reduction of errors in control

wae@eablopg. Use of a single nodul ati on net hodPEEP2008/054860

control signalling and datd signalling mght be
desired in various applicationsThe herein descri bed
enbodi nents aimto address.one or several of the above
nment i oned shortcom ngs and/or desires. According to an
enbodi ment, the re is provided a nodul ator for a

ngm%u:% B4Ry oot BB ore Sl B

ings andfpriesiredased on i nformation of the
di st-ance-between the positions of at |east two control
synbols in a representation of synbol positions in the
- Astepding te aneaebwdanent.dhedetis peovisied ar medtﬂ@or for @t contraunication

SRU, BF nSaTRpL b Foniginod o SPGB TikbuR, 5 Hla

=ymbignieF rnsadssion innaosmalu Ieasedfon hmMnoieﬁmeﬂm

Zgéérégls@%ts%%bgﬁ&o#[ ﬁ%éll positi o%grﬁl n the gl é%a&l"‘a"_f’“ of -

ol nngitioas i they -another erbodi nent there is:
prow.ed a communi cation .system conprising a first
comuni cai.on device and a.second communi cation devi ce,

: !mmﬂwc@tmﬂemmm these i provided cacmocﬂtganoemmod '

”?ﬁ"‘#w' a s g%’ﬁ to%‘ﬂ%%w Ceﬁgig?gagnma

sigirab based on mﬁnﬂm@ndﬁéhgmmen positions ¢ff atnleastftwo
&,ﬁm iR %‘ﬁb@W %ﬁfh' on of

sy p05|t|ons Inthe s recelving a
transn133|on by a first connunlcatlon device froma

peC| ? | ﬁ%.l nent T haaonre oI syﬁ’ggw dbrimBniBbch

system mmasw empuniciiont dayive anstpisgcend gersmanication

@mdee %c@ %ﬂf!@
posi fﬁ%gémt ave tfyﬂ?% est ¥sd| st ance g’et vveiﬂgn t’:
@mhoipanddala syribelkf @érmmsm in@ signabto ﬁemﬂmmﬁﬁbﬁw

& R9oinABA & thbWREAE bBIWREN the positions of at least two control
symbols .in a representation of symbol positions in the signal receiving a
tansmussmnbyaﬁtstcmmunmhondevmeﬁnmasemndmmunmn
device.

In accordance with ‘2 more specific embodiment, the control symbols are
mulfiplexed based on at least one Euclidean distance. At least two confrol
syimbols may be mapped info posifions that have the largest distance between
them or ihat are ofherwise located at least a predetermined fength apart from
each other.

information about the power on at least one position in the representation may
also be ufilised. Posiions with the highest power may be selected for use by
contrel symbols. Acconding fo an embodiment, positions with a power that
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I nformati on about the power on at |east one position
in the representation may also be utilised. Positions

WORa08/182088 hi ghest power may be sel ected for usBCTEP2008/054860

control synbols. Accordingdto an enbodi nent, positions

with a power thatexceeds a predefined power threshold

are selected for use by the control synbols. The

control synbols nay conprise an acknow edgenent by a
exdeeds a grededineditpower dbhvesbeld oire asdledied fers usa ibyf thencentrol
s@ﬁﬁ&@d comuni cation device, wherein the 7

ow edgenent is multiplexed with the data symbol s

Into a srgnal for transnission fromthe first

Wev Ck%]?"‘@ SARIEbmERY ORIt
ol S 3 rep esentat i on Ny "CORPTi Se a

i cgmmmslahm deyical phig transmisision o haseicond caymenicplionsdevge, -

B S AP B (10

| fwmamsmrfm the firstroomininicgtion devican Thedisk £abmay
cbﬂap REL hekMASR sary steps when the program is run
a processor. ‘processor ray be for a stafion of

- a comrunr cation system For a better understanding of

i nto é%%@%{mﬂ &Q%%B%v%ﬁe&%g‘ by wa B%#éﬂﬁ%y )

' Weﬁtobagt metdﬁeqmwmmﬁypmdej maeduafion| hase shift

: emue 1.shows.a schematic presentation of a
ni cation system wherein the invention ‘may be
enbodi ed:- Figure 2 shows a flowchart in acco planoe

1 Ay AP orrvagg@atg@%ﬁ% N

%mm%p@@m BCeEse theppggram is run on

GESOCI at #ﬁ%@% gur egfﬂé%g%f%or e

explaining in detail-a few exenplrfyr ng enbodi nents, -a -
P&“?Bdﬂﬁ%ﬂﬁﬁﬂﬁﬁ%gofmepﬁmmﬁﬁwaﬁbnamdhmwﬂmsmmenmwhe
mnwdmbeffectrefemncevﬁllmbemaﬁebywayofexampleonﬂytoﬂre
auxmgmmwmgdﬁmmmﬁurwhmh

Figwe 1 shows a schemafic preseniation of a commumicalion system wherein
the invention may be embodied;

Figure 2 shows a flowchart in accordance with an embodimen

Figure 3 shows a mapping scheme;

Figure 4 shows a table of values assodiated with the Figure 3 example,

Figure 5 shows ancther mapping scheme; and

Figures 6 and 7 shows tables of values assockied with the Figure 5 example.

Before explaining in delail a few exempliying embodiments, a brief explanation
of cerfain general principles of wireless commmunications in a syslem comprising
a base stafien and a compumication device such as a mobile siation &5 given with
reference o Figure 1.



10

15

20

25

of certain general principles of wreless
comruni cations in a systemconprising a base station

W@ pasA3wesMmuni cati on devi ce such as a nobil e SPEE/ERPI0V0$/654860

given with reference to Figure 1. A comrunication
devi ce, for exanple a user device, can be used for
accessing various services and/or applications

provi ded via a comuni cations system In wireless or
nobi |l e systens the access is provided via an access

%Eﬁ%%‘%@%ﬁ kb?ﬁﬁle%%e?ﬁ "in 2 HRA'TOP ég%%{i ng

ess access system he user dévice can typl
m@s@mm@m wmtnﬁmc@ed via & genamigations tsystens tin

vﬂ% or recel vc=_;s?ﬁer].'gtﬁé |n exan‘p#ge%t nféiface

access
hﬁm aaueeraﬂmé ancan @np@pﬂate accmmmm

%%ﬁ usgiﬁ ICG mayf%é‘g@%one or nore %%ﬁg&%ganne ?ne

bepe%cm t1ﬁé>r§anibr wmbsehanmetmcﬂ@rm@wmm@ Nep-limiting

conﬁect eoié}?ésag ﬁéﬁ&% syst ens, é@ﬁ' exa%ﬁ%‘a@é@ﬁ?aﬂd a base

stationsf R wikleys iecabgren mm@mmm gealeyics may heye one -
I HiGe 3o th Hééag& @ﬁe B¥nriZe #4450 Thore
tg;%/ appropriate gateway node, Tor exa e a packet

ey hd/ or an access gateway. A base station
is typically controlled by at feast one appropriate
controller entity. The controller entity can be

Preobask gtation men &g qgmﬁeﬂh@ WW@QeMtW 2 Heta

%Onﬁé%fﬁgn“ty I'S typ| caﬁsﬁﬁp‘)% ed ?\P?ﬁ menory

way bei prpvided by meanssof ame aBpeRrigle galensyy node, fer Rxample 5 B

3 o o S iy cont 011 by reans o

The functi onal
entities provided in the base stat| on controller may

gzﬁ%gﬁgﬁg%raﬁa%ﬁa content W and so

enesRiianeof the
mintdnicafiaiis -fméﬂaga we&%@me
LT rad| 0 system Tor transm SSI on of downlink (QL)

with memory capacily and at least one dala

Funchmna! enfities may be provided iIn the controfler by means of the daia

processing capability therecf. The funcional enfitics provided in the base station

controlier may provide funclions relaling to radio resource control, access control,
packet daia context control and so forth.

-

Certain embodiments can be used, for example, for the wplink (UL) part of a long
term evolution (LTE) radio system for fransmission of downlink (DL) ACK/NACK
with UL data. Therefore the non-limiling example of Figure 1 shows the concept
of what s known as the long term evolpfion (LTE). This system provides an
evolved radio access system that is connecied to a packet dala system. Such an

access sysiom may be provided, for example, based on archiecture that is
known from the Evolved Universal Terre :
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with UL data. Therefore the non-limtng exanpl e of
Figure 1 shows the concept of what is known as the

WO 2009/18298n evol uti on (LTE). The system provi deBCEREP2008/054860

evol ved radi o access systdimthat is connected is a
packet data system Such an access system may be
provi ded, for exanple, based on architecture that is
known fromthe Evol ved Universal Terrestrial Radio
onyee of thertEvghed)Univarsal Jepgatiial Badie Aceess Netwpiks(E-UTRAN)

R R CReelat] SR I IEE ME ML

UZRARY congistaof E—Q’E’eﬁwe EsnieNBs:which pre gupfiguegd
tﬁ&dé&
bélnd conl}‘v'rhl'e'(k)'fijh nctl oﬁ%ﬁ I es. P%%&éﬁggeﬁ@%ﬁwe ean.

npl e eNBs

. providesindependentiypadie aksess networii inaturgs suell s asercplane radio -

fi %ﬁ’{ﬁ?‘:@ﬁwm acces&nﬁ@ I‘Oi)%ﬁ I Ca%iqu_mm HY) and

ayer protocol
@mm rdio ressdroeoeantis! KRB%MMW@EW dewards -the

u%@rrﬁév%s(RRc) protocol term nations towards the user
evices, It is noted that Figure 1 shows this
architecture -only to.giVe-an exanple of a possible

R R e

artangenments and
pessibliet eomrunication syatesuwheresthp |ambedispent daptribed iglow,Bey

1o B OATHY AR SRES A UCHIBLARS A6 B8 posiing ror

or vari ous tasks such

exemplek thegusendevieasmpy PegMphisate vith 9 differegta

and
sending data from and to a data network and for
experiencing, for exa mul ti medi a or other content
ﬁmuﬁm1 can hee rww&;ﬁa agdpajdng and receiving

r .
e appﬁfgig%#onsdsr?\aﬁgﬁg%@ﬁ&nm & dath GetArR BRA For

fered in a_data network
aipariencing, focexample heultimedianet otheo comtent. (Fern exampla,a user

5%5 I b PRE Abone SR
nay bmggraow (%EEE any dgw’%e capa%ﬁdg%f sendﬁoa and‘gle
a| dafa m@&ﬁpne%aﬂeﬁc%&*@

ﬁﬁﬁ&bwgﬂ%r(&gﬁgg card or ot her W re@bm user

dlemies may e provided by any deies| cagabla of sendipg end m'mmtﬁo
BhANts NS intithgV SBIPRS FRIIAMNGC HobM station (MS), a portable
computer provided with a wircless interface card or other wirsless interface
faciily, personal data assistant (PDA) provided with wireless communication
capabilities, or any combinations of these or the Ike.

The mobile device may communicate wia an approprate radio interface
arrangement of the mobile device. Themteﬁaoeanangalmntmaybemwded
for example by means of a radio part 7 and associated anienna amangement

Them&mmmmtmybemmmﬂymemﬂymmm
device.
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capacilities, or any conbinations of these or the
i ke. The nobile device nmay conmuni cate via an

wappsampodat e radi o i nterface arrangenent of thRCTBRIDE054860

device. The interface arrahgenent may be provided for
exanpl e by neans of a radio part 7 and associ at ed

ant enna arrangenent. The antenna arrangenment may be
arranged internally or externally to the nobileA
Anppbilecdesics; s dypieally\nsowiddd withy ablsagicaneata processiog sntitynd

o B oA ey SO R 1 S

PRcsesing prd) Stmges@rﬁﬁe@ care he iprovitedoman eppropiidte sifcwhbogand

eéggg aér?’téﬂﬂ/ rlﬂi?cé‘ll psets,. This
?gg{:ure I's denot gy refere c'%feé Igure 1 shows

further a- -nmodul at or coeronent 9 .connect ed to the other

are descrlgg%ter |nt |s sr]ec ﬁcatlo it 'S noted

Eapwiag for owedulation Mwbonaaﬁe@@f ars desgobied fateran this

b%é‘*t’wt e user rrayﬂcgjgiti%(r"%§J Bﬁe oggratl oni

ey ibe dpla presassiogienirddnsicad ofa separaip cemperant. ~
|nterface such as key pad 2, voice commands, touch
sensitive screen or pad, conblnatlons thereof or the

Thewser mayicopiohths oparaipn okibe naekilecdericebygheans ofracsuilable

d4Pifakdds fich\ds pﬁ!"ét{?&éé‘%ﬁn?ﬁdm&? esm or
conprl se appropr te connecters (either wre
mds pabisptions theneef oheisesA disglayrs. fambﬁn@&anyﬁophone ,

eqw pnewwﬁﬁeﬁeﬁow n mgleiéhsusses may comprise
.

dﬁlﬁm*@@@e%mfebﬁs)t tﬂaﬂ&ﬁ giemﬁs japdion dor

. L Tk flegﬂ"ﬁ %t
rrutlp exed masyﬁ FoleveP an rmre partlcu ar y,
certai n enbodi ments where dovvnl i nk ACK/ NACK and upl i nk

ﬁ,s%g H“ghﬁaﬁ@ﬂ hal bbb i i
' dexa es I nk A NACK S gnal Ing is m

mm sapkiRasethendiggction afs mikpigxsdin symbel level,
Eﬂi’iﬁ;&eWy WW&@% doveifk HEWRALK and

I nst ead of a base station, fine conmmunication can be

3 are EeRRiiRiexedonthe symbel levelalndhe faliowing: examples

MR AGRINIRK SkAfingkemBhsRd r FaRaRRsdh UilHObplink data
from a mobile stafion to a base siation. it is noied that inslead of a base station,
the communication can be sent e.g. tv anciher mobie siafion and that the
modulation may also take place in a base siation.

1mmmmb@edmmmahmdﬂmdmmWMﬁ .
at lesst two contrel symbols in a representation of symbol positions in the signal,

as determined at step 100. The multiplexed symbols can then be fransmitted at
104.
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An exenmplifying enbodi nent of the nethod is now
described with reference to the flowhart of Figure 2

WO 2008/18309% enbodi ment control synbol s are nul t PEI/BR2A8/054860

at 102 with data synbols b#ised on informati okn on the
di stance between positions of at |east two control
synbols in a representati on of synbol positions in the
signal, a s determ ned at step 100. The multi pl exed

Is yacberdanesa with e mndse  speeifis rembiogiiinentt | an particalkad ACKNACKhbik

“%pl ng ru% I'S usefdl%#éﬁg‘,l--"\glr&)%{'k%iEi %%% W'lﬂtl data

. symbels gt 402 Fhainsuitplexing mayrbe baseat onlifie milipleximgt | pl exi ng

may be based on tinme nultiplexing. The synbols can b e
mapped Into a signal space diagramto illustrated
mewmmmnmmmﬂmmssagnalas;mgmgmmm @singth cded)

L.
pg’l ag?%W%’ﬂn%:s%con | on % t%%é%%nahs
ﬁwdhﬁmm@xmmsmpmmuammwm“ diagram is an

SRR, bF ey Selinls 1 eliite, Hufbol pliffins AR et 29 e

tasisotheren{ thaihbetranshiitied )sgmbb!sm é:er“@pmntﬁﬂeds as complex

S4B R bl e e A, 30

piizadoaspoints op the compisscplaesat | on of a signal nodul ated
by a d| gital nodulation schene such as the quadrature

anpl i tude nodul ation (QAM or a phase-shift keying
A rs3teliaton diiagramecqnOpe amed i tor roiden 2beppesentationl dfya signal

(HBaleel (302 AP niByBHh ol 64 56, B YRt Nrbifuce
medyaion (AM), or aiphase-shilllkeying (REK)s Quadmtmh {@)wariers camrte
el B0 bl Y Chsind M’ S0 Alier' GG (U o' Rl Ul
imaginagy peds ob theQeomplex numbis respestivdly, dbé eymbohgarabe ceant

\Sﬁz'agram I'n com%%%r@gﬂ%s'ﬁga& ﬁ%ﬁﬁ%% often

mibﬂ@m@phese 196 H-Axis and the quadehee) en@-exisdi agr am can

thus be used to provide a representation of the

%ﬁ:iti on of the synmbols in the nodul ation schene, and
d‘aagramcanbeuwdfnrdxspiaymas:ma!asam

dimensional diagram in a complex plane at symbof sampling instanits, or points.
constellation diagram can thus be used to provide a representatiol
posmonufmesymbolsmmenmdumanmne and allows for a

16 QAM consteliation diagrams 30 are shown in Figures 3 and 5.

diagram that is used by the data symbols. In acoordance with an embodimen
beingﬂ@edéﬁameheﬁmﬁwnp@m&mmﬁaﬁasﬂmm@tdmesqumm
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- enbodi nent the power |evel's ofﬁthe”cbhsﬁéflatlons
Hior splogt WW%

straightforward visualization of the nodul afion
process. Exanples of rectangular 16 QAM constel |l ation

wa@le@gnseess 30 are shown in Figures 3 and 5. ACKPCWER008/054860

synbols to be transmtted 8an be mapped into sane
constellation diagramthat is used by the data
synbol s. I n accordance win a n enbodi nent
constellation points having file | argest Euclidean
difieserma belvessen doeordighiestofd parof AljecilATe Ecclidean distance can
bg@gnéwgﬁégean di stance is commonly understood a s

ern di stance between two points represented as
the not of the square ofdifference between

co-or%pnaLes_oL_a_palr of objects. The Euclidean
di st anifle —dalh +8, eOpput ed as where k=[1,2...nj, /

=[1,2.. .m presents the indexes of nndulatkm
constel l ations used for data synbols, and mis nunber
of cafisieckia2. ORE UseA L Omj 8/ R0 liftiexes AW OtriGHulation

possibility 1s to use pr edefi ned threshold for the
G ot SPsieTafionts useshior datacsynbols, A0 e AURDES 6 cogsteliations
di st agsiol Aath syhbbBl ger than a predefined threshold
can be selected. ILn .accordance™w:th a yet another

enbodi nent the selection rule allows sel ection anongst

Asdr iit9 s RAUsBSpreberinelirestitid fdh e @istaned. Fot
candi_t ates for exa ol e, 2 or 3 | ar gest Euclidean

le,
AyRoipte dth ice thatisi lamer pregetipeg theghold
e W n$ haaﬁ@eﬁ.ce hafith i :

en amapgetcenstaliation pepts Wat promising

SRldRRAtdsO ToP & FeF FXaet crudiBeand UidkirtoebNof 30§ Véther
t he Iargest Euc |dean di. stance or |arge enough
REdelingd aymibes ctiamestiridean

ugh power are
sel ected. Thus a point with a | arge enough distance

but t 0o | ow not. be selected An optim sed, .
P2 Hith1a frthes AoBoYment e RESeE Yl e consellations
bﬁhﬁsﬁﬁlm £R¥n o @0MiGAEbN In"hE YBRCBEP provaks

he deS|rabIe to sel ect the_points h the h
RevRsite S e, o, rpoRiFFideaD SHBEnTR op e tﬁﬁw
m?ﬁbﬂr@éﬁﬁw@ Eﬁw Tllhﬁ(&t”ﬁbﬁ ﬁfth a !ame
one- bi naggﬂn 0 a con%ee a |8

] ;"~'ofdﬁmmmethnﬁaxﬁﬂsand[xwmudhﬁﬁhoﬁbInaybe:ﬁwﬁ»£au!n
some appiications it may be desirable o select the points with the highest power
levels even if they are not he points with the largest distances.

Figure 3 shows an example of one-bit ACK/NACK mapping consteiation
diagram 30. More particularly, in this specific example a 16 quadrature amplilude

nmdmmwm(QANBsdﬁmuastﬁadﬁwdmasmmmﬁi1hebhmkﬁms32damﬁe
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di agram 30, More particularly, in this specific

exanple a 16 quadrature anplitude nodul ati on (QVA)
waelens2ws used for data synbols. Use bl ack doPGI/BR2008/054860

denote the proposed constdPl ati on points for ACK/ NACK

transm ssion. The White dots 34 are then left for

data. More detail ed exanpl es of possible mapping rul es

consi dering al so 64 QAM nodul ati on, and two-bit

AGK/ NACKt ransm ssi on are consi dered bel ow. Table 1

Taﬂgdg‘w':a&nf'?ﬁ WME@SW 9 .ﬁ%ﬁéﬁ% \?f a'?\ ue
sign m

complexvaluet-madidatedisymbals; sk tmt@erent data

“gaﬁgvm | n h%ﬁ%@k@&#\&%@nﬁh% ar e ped

mweutmbmmmm @mmm@ wom@am 64

%rau%’?t nershl %Xo ec@e ; e&ﬂm cal

Pepnershipc firvieet (8CBB) 2 @hﬂﬂﬁlys‘)’ rES s3Atl Physical

bgy 2007. Figure 5
shows ?‘ﬁ%plng atV\/OEItS Cﬁ%ggnalllnglntoa

const-el.l at| on err‘agram 30. Two- bi ts ACK/ NACK SI gnal [ ng

trans S€E I n t

rsignaflieg mbedaﬁaﬂamﬁ mg“@ﬁ' dual-

Wﬁ%& &M | n%%églagmg;ﬁe

@@ﬁﬁ-gures 6 and 7 , respectively In 16 QAM
nodul ati on a pak of ACK/ NACK signaling bis is napped
i nt.o conpl ex valued nmodul at i on synbol s, X=l +Q

A esrmpiafor sonsipl auftmh RBISNACH siggling wigh 18

%&*ﬁm@ "i'é%e W%M@m@ea see

ols, x=l+ Q according to Tabl e 3. The re
s i

Z i, 18- GANDmOSHEBHS &, pe o8 AGIH

TRt Fholiahs AYmdisTRANq,
rocessors, Data processing may D
acoonting Mam 2 b medulabon.opait 5T bl isTappad into

éﬁﬁﬁkﬁ%&?mm ﬁéhﬂy\aﬁdg{g@mg stati on.
The above cdescri bed functi ons may e

decision making may be provided by means of one of more data processors.
— Mbepmvﬂedmaprmsmgunﬁmnmdubdamn for

maybesﬁmedonandpmwdedbymeansofammnmﬁmasudaasamm
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provided b y separate processors or by a n integrated
processor. An appropriately adapted conputer program
w@oes/1proegiuct or products may b e used for i npPEEP100$10F4860
t he enbodi nents, when | oaddd on an appropri at ed
processor, for exanple in a processor of a base
station controller or a controller of a user device. T
h e program code may for exanpe, performthe
digecard or meamb@wpmo sowmload die pregmmeodaproduct fo the
mobid At isvik alddERRbthbf& various entities and contro
vari ous operatlons. e program code product for
providing the operation may be stored on and provided

ARoeRERASe B 108 ol A SETRI UMY b AN oo

ot oter m@@wnﬂmmmmm & ajennsteiiationds that -

ﬂégn nggls or Sﬁﬁ%r control Ssi SJ'{r}ﬂllng

sgymgopen bant @t@@%lmnm Eyediisean | distanee iof a.

e v

et Thesuatly ofrgpnirl siohalingcan ba mu@m@u@maﬁm

%m ng |%e ri sﬁ%@ﬁeor he qual it tﬁﬁ %nt ratF

m@mtbnrﬁg anahlede X m@mmmwrolﬂm spower 4 used or

AR 1400 PRSI SO A R

maxi mum
yeraseRatioi(EAR e borchigvgdal | i ng-
control synbols nHX|n1zed Si ghal -t o- Noi se Rati o (SNR)

wi t hout any S|gn|f|cant effect to Peak-t 0- Ayerage

mnmﬂmm@ nwwmn

$ﬁﬂ@mﬁﬁﬂ@@¢FEE@=@U@h&%@ﬁﬂbgﬁﬁﬂﬂﬁﬁW%fefv=«:
of paratus SUIta

.vlr_(‘.n--{:i
at a communi cat1 on where

ﬁmhr mnbﬁeyabé’en@m oy FempmPpicAlan, fash ﬁm%é"hem

@Qﬁhggm; ?D @ﬁ@ﬁ@g IAchagbagi e where
ation of control and data synbols can beutilised.

is also noted that aIthough certain enbodi nents

networks, technologies and standards, embodiments may be appSed o any other
suitable forms of communication systems than those Busiraled and described
herein. it is also noted that the ferm access system s undersiood to eler fo any
access systemn configured for enabling wireless comwmumicafion for user
accessing apphications.

of the invention, there are several variafiors and medifications

made 1o the disclosed solufion without deparfing from the scope of the present
imvention.
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of exanple with reference to certain exenplifying
architectures for wrel ess networks, technol ogi es and

wWGet@adsoess, enbodi nents nmay be applied to any BECTEP2008/054860

suitable forns of comuni d2ati on systens than those
illustrated and described herein. It is also noted
that the terrm access systemis understood to refer t
0 any access system configured for enabling wreless
Claomsruni cati on for user accessing applications. It is
al so noted herein that while the above descri bes
exenplifying enbodi nerds of the invention, there are
1seveX mlodulator &6 @ cemmmdicatioh device, trenmodiiaioh befag coefigweit

e Rl Popif SREe At bl Y pRRNENA B ST

: oﬁmﬂmmmhﬂmﬂmnc@mwm thieéposifibnt aifost Jeastnigro control

i M8 RrdsePiein bt S oo i Rig 0o
inforrratlon of the :.'il stancF b_etvveen tPe posi tions off
Syt fie Al B 1 lpdnip I ERUGRER 6t

2Sy

naditipievettie iconted! sisnbdis bavdderreatieash enerbdidesn distapce.

configured t o multiplex the central! .synbols based o n
at |east one Euclidean distance. 3 . A nodulator a s
| ai Aemhodolator aasnchimed i& claimhdr er 12, t Wieereindtieamedulator is

copfigured to I ]
<SR S i e T b TR bR B Fosblie Mk e
idraestAlistanhs heeersthemc| aimed in claiml1l or 2 , wherein
the nodulator . is configuredt o map at |least two
control synbols into positions that ate |located a t

4.easA maiulatiat es rdlaimdd | isnglaim dpar t2,f whensimathe snodulatorsis

T R

lendita predetemejned ogth apait iboreawhictherabout t he power o n

at |east one position in the representation. 6 . A
nodul ator a s cl ai ned

5. A modulator as claimed in any preceding claim, wherein the modulafor is
- configured to base the multiplexing also on information about the power on at
least one position in the representation.

6. A modulator as claimed in claim 5, wherein the modulator is configured fo
select positions with the highest power for the control symbols.

7. A modulator as claimed in claim 5, wherein the modulator is configured to
select positions with a power that exceeds a predefined power threshoid for the
control symbols.

8. A modulator as claimed in any preceding claim, wherein the control
symbols comprise an acknowledgement by a first communication device of a
transmission from a second communicalion device and the modulater s
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sel ect positions with the highest power for the

control synbols. 7 . A nodulator a s clainmed in claim
WG2008Mbpdpei N t he nodul ator is configured t o SPCBHEP2008/054860

positions with a power ihat3 exceeds a predefined power

threshold for the 8 . A nodulator a s clainmed In any

preceding claim wherein the control synbols conprise

a n acknow edgenment b y a first communication device o
configuredbioahottipiax the deknowladgenen eithaherdatheyinbols inte\a signal

f?{g{ﬂﬁ%{%ﬁ%ﬁog{%}%g i sconf i %{'%d to nmultiplex the

oIs into a signal
for transm ssion from,the first conmuni cati on devi ce.

tor s_clalmadln recedi n | ai .
%er@ﬂﬁ“ﬁé‘x %’I’ r} P&Yé’é*ﬁ?eaﬁ'é Wge?ﬁlhé‘gﬂﬁﬁ uigfords
iSgsydinctse mﬁﬂp}eﬁ\tﬂwmr a-s clained i-n any -
precedl ng claim wherein the nodul ator is configured

to nultiplex downlink ACK/ MACK synbols W|th upl i nk
et aAspodléter asl dlainfed iy girededs

e &?wﬁ%%m%ﬁ%ﬁh#@g

I n.- any™precedi ng data, configured for at |east one of

adrat ur Iltud uJ ation and , has h|f
y,@mﬁéﬁp "

&pmﬁmmﬁ&éﬁbmﬂa&nm@md in any of the

preceding claim 14. A station as clained in claim13
conprising one of a user device and a base station 15.

12.5t & moduiater as slabms! inany ippdcariihg mmmmmmt one

SHeRuERme S SHdeiope] epEPbree ot B8, T 4L ot on

met hod, conprising: nultiplexing control synbol S vv| th

ols for tran SSi n|na51na
qﬁfor%%ﬁ% Aot g gt
Hvprecedin myrrbol S inarepresentation of
synbol p03|t| ons in the signal. 17. A method a s
claimed i n claim 16, conprising nultiplexing the
d@ntrﬂlﬂabonasclamwdmdaun13cmnpﬂmgomeufamerdmanﬂa

base station.

15. A stafion as claimed in claim 13 or 14, wherein the sialion is configured for
Evolved Universal Terrestrial Radio Access (E-UTRA).

17.
-symbols based on at least one Duclidean distanmce.
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.synbol s based on a t | east one Euclidean distance. 18.

A nethod a s clained in claim16 or 17, conprising
woreppitseyat | east two control synbols into posPCT/BP208/054860

that have the | argest distignce between them 19. A

method as clained in daim 16 or 17, conprising mapping

at least two control synbols into positions that are

| ocated at |east a predeterm ned | ength apart from -

1%20{1« mldgﬁ)'d as Blaied R IRAN 18SorCl Aicomrising Atippinl at liedsiwo
0 19,

com et ol Bostions et B e Jrops PP AP Dl on

into account-in the nultiplexing. 2 1. A nmethod as

| ai ped j n daim 20, . c rising selectjn osi ti.qQns ‘
1§ ¢ ATPRINGH &% EBIMeSLincny 16 Ao T RMPEEG JRARBING, 2t Josst fwo
coRtrdl GYmboisCiataNgssitiofs that| dit I6batP BPkhSH & grettctmineddengih -

osi.tions with a power that exceeds a predefined power
aBﬁFé‘?ﬂ"o?aﬁthle't he control synbols. 23. A nmethod as

clainmed in any of clainms 16 to 22, conprising

receiving a transm.ssion hy a first conmmuni.catiqn
Hevi Bemeiaag s dn a8 | 1604t i OmPrIgg taking aiso -
iffotrhatioh Catiolif) they Rl on- SDeAST el PRt 1A e rareckpestiontinto
of ttle @r ansiég ssion by the first conmunication device
afePntihae

ols into a signal for transnmission
of data fromthe first communi cati on device to the

econd.c nication devige. 24.:A nmethad as ¢l ai ned
T adymEoH g qamed i Go% 25, crpring PRaing posibons Wt the
K?ﬂéﬂpm'famwﬁﬁlw&_ A nethod a s clained in any
0

clainms 16 to 24, conposing nultiplexing downlink
ACK/ NACKsynbol s with uplink data synbols. 26. A

EDNPX fiethitdogs alaintciar ¢iaivh B0, Péohagsrizingc sekecting positiens pitk G

t o performany of steps of_ an f. cl ai 6 tpo .25
BPYERY XSt AR RPE o TP e comrol Ryl e
program as clainmed in claim26, wherein the processor

55 T O e il irfary ST Chths 16 5>, Riipilhg

receiving a transmission by a first communication device from a second
communication device; and

multiplexing symbols representing an acknowledgement of the
fransmission by the first communication device with the data symbols inio a
- signal for fransmission of daia from the first communication device to the second
communication device.

24. A method as dlaimed in any of claims 16 fo 23, comprising Sme
muitiplexing the symbols.

25. A method as claimed in any of claims 18 io 24, comprising muliplexing
downiink ACK/NACK symbols with upink data symbols.

26. A computer program comprising program code means adapied o perfonm
any of steps of any of claims 16 o 25 when the program is run ©n a processor.
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28. A communi cation system conprising a first
conmmuni cati on device and a second conmuni cati on
W(Meﬁﬂsﬂezms;\herel n at

‘configured to nmultiplex cotrol synbols and data
synbols for transmssion in a signal to the other

devi ce based on information of the distance beteen the
positions of at |east two control synbols in a
representati on of synbol positi ons in the signal

ecejvin transm ss st co n| catio
o B gomyRr BrogERt As el i B 2B MG S bEgeil s ora
stichenh eanhminication systens. cl ai med in cI al m 28, wher ei n

the control synbols represent an acknow edgenent by
the first comunl caii on device of a transm ssion by

- 28he Aaaffuricdtion Bystaim fﬁ'sﬂudnnhammﬁ delice and a

s¥nbglsarerrulll¥gleﬁﬁdwﬁg?a§ fﬁ’ﬁ rrb’%lgts‘swt a4
10 GROipC eoriioNsytbois and dathisgmbols docransmissivindintd signal to the
S5 §&ice based on information of the distance between the positions of at
least fwo control $ymitols in a representation of symbol pesitions in the signal
receiving a transmission by a first communicafion device from a second
communication device,

29. A communication system as claimed in claim 28, wherein the control -
symbols represent an acknowisdgement by the first communication device of a
transmission by the second communicafion device, and the conirol symbols are
muftiplexed with the data symbols into a signal for fransmission of data from the
first commumication device to the second commusication device.

| east one of the devi ces iBCT/EP2008/054860



