WO 20101056204PCT/ SG2009/ 000409 A Mul ti pl e Access Communi cati on System

Fi el d and Background of the Invention 5 This invention relates to a

mul ti pl e access comruni cation system particularly but not exclusively, to
nmet hod angd,dg¥ihssof or allocating system bandwi dth of ftéeseubdioplee access
conmmuni cat1 on system Conventional orthogonal frequency division

mul ti pl exi ng (OFDM systens io generallly enpl oy a super-heterodyne
architecture in which the up/down converters operate in a digital domin. A
si npl e represent ati onAgfiultipte AREESE TomhicBesebgeem > |F (Internediate
Frequency) -> RF (Radio Frequency). This is perfornmed so that the

i n- phase/ quadr at ur e- phase (1/Q nodul ati on/ denodul ati on may be perfectly
performed. 15 In order to reduce the nunber of conponents required in the
modul at i o AeIRHW AldPSu A 9¢ BFSIRBALIIS | ower cost requirenents, an
alternative to the sdper-heterodyne architecture was devel oped. This is the
zero-internedi ate frequency (Zero-1F) architecture, otherw se known as
direct 20 conversion architecture, in which the RF signal is directly

converted @ RASABAMatEN M ¥l ARLYE! Seoeds hohltRuABMPOS AR Bartloliahy her

wor ds, “Base vice versa. VWi this lowcost alternative has

the advan#gﬁﬁ%%&?lp%g?ﬁgg ag{h%w&?ner A %@F%ﬁ%aﬁ?ﬁé@%ﬁ% géﬁﬂ@iﬁﬁrot{tﬂei t is the

i nt roduct al ance. y spea re are two types of
I /O inbal anges and the diff. 2010/ 056204PCT/ SG2009/ 000409 2 lies
in whet hefmﬁ?tlp?? §C°§S?ﬁ§a%%”ﬁ§%'?’9% %tc?\tﬁyep'ncy or otherwise, i.e.

frequency-i ndependent and frequency-dependent. The source and nodel i ng of
these two types of /0 inbalances are quite different. The fornmer,

frequency-j ndependent .1/ 0Q imhal ance, is.a resuli, of h e_lnaccuracy in
the |ocal CoBueTiaRbrokgone S suaarka o o e ey R o ¢ ude
m smatch. The |atter, frequency-dependent |/QO inbal ance, .is introduced by
(ot 16 SERRBBAGTEY | AcFURTHEE P ORTIG: SNSRI (lar SMCodS AP  or s and
anal og/ digital converters) and i s npdeled as a tine inpulse response

mi smat ch GANMERErs QRRIa® Wi afcHigdal AN Nfs fiTRIfe SeRGSEBIAtgN aP%éh%at e the
desired signal, but also introduce iointer-carrier interference on the

ot her subcarvargps ishdBasghandy -nolfs e{Inereadiptec SHEAWRIW) has BeefR3dR used on
the design of efficient estimation and conpensation algorithns for transmt
and recei Veedueary)nbdhisnisegerformet seuthat dbe ingpase/gpediaiireypipaetHe) cont ext
of single-antenna OFDI M systens. These prior 15 contributions to the field
ar e based redutdienidatedstatindimmry bhperfeethrarormadd receive 1/ 0 i nbal ances are
channel inpairnents that degrade the signal quality and system perfornance
and that interferences generated by the inbalances shoul d be suppressed.

In order to reduce the number of components required in the
moduiation/demodulation process and thus lower cost requirements, an
alternative to the super-heterodyne architecture was developed. This is the
zero-intermediate frequency (Zero-IF) architecture, otherwise known as direct
20 conversion archifecture, in which the RF signal is directly converted to
.baseband, and vice versa, in thg analog domain. in other words, Basedband ->
RF ‘and vice versa, While this low-cost alternative has the advantage of reduced
hardware complexity, a major drawback to it is the introduction of 1/Q imbatance.

Generally speaking, there are fwo types of /Q imbalances and the differance



zo Summary of the Invention 1In general terns, the present invention
proposes a resource block allocation W 2010/ 056204PCT/ SO2009/ 000409 3
-gain. In other words, the invention nakes use of the 1/0 inbal ances rat her
than attegpis ta.mtigate or suppress the inbal ances. pp¢RE5MIMNPb0 @ first
. specific expression of the invention, there is provided a 5 nethod of

al l ocating system bandwi dth of a nmultiple access conmunication systemto a
plurality of communication devices, t fe met hod conprising, (i) dividing at
| east part of the system bandwi dth to formresource bl ocks anmongst which

there is digs by wheHBr phily & dengtike pESARALEECY| e REeEYimet-Ei dregdertycarri er
frequency; (ii) selectively allocating_the one or nore resource block pairs
10 to one ipdepanspelcand Geqirnsysirpeneepl. dhalseujceodnd pehne af these devi ces.
Wth the proposed nethod as described in the detail ed description, this
enabl es t Hgpetresicf® hebalentrsdaneetititet Gffergitol e fanper./fGauebay-msdeeendent he si gnal
to achieve diversity gain. 15 There may only be one pair of resource bl ock
to be al | d6atmebalence, we agesuiboé hewsiwarsi ivatdusecydievinedecal fascillatoamptids in this
case, it is still required to select which of the two or nore devices are
al | ocatsed rmbeeledsnurec @hbbociigpedich andi an argplitets | srgedch. habe tlaliet wo or
nore comruni cati on devices share the resource 20 bl ock pair. For exanple,
at one ti nMegueney-cépdndentc d@mimbaianten isd ewiocdasedralyesonissndotompenerésour ce

bl ock pair and at another time, another conmunication device nmakes use of

t he resour@eidaireckwpadise dnmpiliieiss loaypadshiiltere msdr asalodidigitaiheorvertenshi cat i.on
devices are allocated a pair of resource block in order to exploit any I/0O
i mbal ance dr@ iaedtidews 44 ¥ timei itpuai rsponse mismatch on the | and Q branches.

These mismatches not only attenuate the desired signal, but also introduce

16 inter-carrier interference on the other subcarriers and amplify noise.

Much recent work has been focused on the design of efficient estimation and
compensation algorithms for transmit and receive I/Q imbalances in various
settings, especially in the context of single-antenna OFDM systems. These pricr
15 contributions to the field are based on the understanding that transmit and
receive I/Q imbalances are channel impairments that degrade the signal quality
‘and system performance and that interferences generated by the imbalances

should be suppressed.
20 Summary of the invention

in general terms, the present invention proposes a resource biock allocation

method and apparatus which exploits the 1/Q imbalances to achieve diversity




WO 2010/ 056204PCT/ 5C2009/ 000409 4 Preferably, the resource bl ocks conprise
a plurality of frequency bands. The resource bl ocks in the one or nore )
resource bl ock pairs may conprise a contiguous band of frequencies, or they
may CONpry§8y190&2Ar nore non- contiguous bands of fr eRUEHENEF0048B9

Advant ageously, the nethod is used for nore than one resource block pairs -
to be allocated. In this case, the ne{hod nay conprise assigning the
resources bl ocks of each resource block pair with a value based on at | east
one of: channel gualit f the resource ' t he
symretri cgﬁlﬁsmtg%r V85t EV%}t'OPHBa$%SS%€% §1§ﬁ‘%| ig%%ngg?&é%gwnéﬁ]od nay

al so include allocating each respur.c agl ock pairs based on the assigned

val ues. Iﬁﬁ@TﬁBtSéPtf@W\%fgic\Vé?pW’S?@'eéﬁﬁzl HY&d that not all the resource bl ock
pairs assigned with values are allocated in pair to users. For exanple, if
t he system bandwi dth conprises four resource bl ocks formng two pairs of
resource blocks, it is envisaged that .one, e pai IS ale allocated to

of 15 th
a user (baseudimg to Bdiraksnegiie $X0EETRR TR Ir}gepﬁ%n,élgwgrls B8y be al | ocat ed
in a convention manner, for exan&lﬁie vvlfte% e@cg resource bl ack. assigned to a
user. Thusethmd ¢fediotatingesysicnt Ran@¥dtyA BAEEPTH CEKBYTEEN ocat ed, and
may not be all. 20 As an alternative, the t hod y conprise the step of
al | ocat i ngystemes aupligralityl qf@ram@imcwparﬁqvw@sg&eernﬁwgﬁ Caﬁkprrrgﬁ‘gour ce bl ock

pairs which is closer to the edges of the s;é/)stem bandw gﬁh to one of the
pl ur al i ty (ipfivicimyatrieasitagrof des sYSem RIANEWIER SARIE EPgWAPS'WEN great er
i n-phase/ quadr at ure phase inbalances (1/0 inbal ances). WD 20101056204
PCT/ SG2009#p8408nici5 thete ds 6re oHEpreapaiss plhp yesourtr DIREChBUMHEY S8Rt her
conprise, prior to step (i), grouping the plurality of comrunication
devi ces bagelraagh@veyt lidiselectraleslvoating gheianeardneiedesdnoe PIogH PRG}
transm ssion. The nethod may further 5 conprise the step of grouping
sel ect,gd @ngse of rdshectileusadsi df yheofludityoicaamiuoisatiesvdevecsas a first group if
the corresponding signals are converted directly from

With the proposed method as described in the detailed description, this enables |

the described embodiment to exploit any VQ imbalance in the signai to achieve

diversity gain.

13
There may only be one pair of resource block to be aliocated to twoe or more

communication devices, for example. In this case, # is still required to sa&ect'
which of the two or more devices are allocated the resource block pair. It is also
envisaged that the two or more communication devices share the resource

20 block pair. For example, at one time, one of the communication devices makes
use of the resource block pair and at another time, another communication
device makes use of the resource block pair. In this way, this ensures that the
cémmunication devices are allocated a pair of resource block in order to expiott
any }/Q imbalance to achieve diversity gain.

25




baseband. to radi o frequency; and groupi ng sel ected ones of the plurality of
communi cati on devices as a second group if the corresponding signals are
“converted based on the super-heterodyne architecture; and allocating the

t opl ur al i iy MEo/gsem@Ur ce bl ock pairs based on the groupFfR§S2PIEHEr ably, the
-first group is allocated resource block pairs near the edge of the

bandwi dth to be allocated. 15 The entikre system bandw dth nmay be divided in
step (I). Alternatively, only a portion of the system bandw dth is divided

and al | Oc%tégfgragﬁlssﬁg%?e%w&% b@&%%ﬁ%}{@_@% pightf SreriuBREy PaMds. Thei s al | ocat ed

to communi ¢es 1Tn a conventional manner. This may be regarded as

a "hybrid" all Ocﬁtaii?;‘?{lipgﬁéﬁﬁgm ﬁx%rérﬁl%o?llrégﬁbi:ﬁ )ga-@g m@?%ﬂHﬁri@é-Tai on devi ces nay

use OFDM fB¥°LUEFS sSi on. e net hods di scussed above may be used

by a base station for muni cat i j } e@FuNi cati on
devi ces, <gaHguRNSRNY Oggﬁﬂ‘f, Y e%hgﬁvp\‘g\ykﬁ%‘f e%@hg%@égmﬁhﬁti ons network. WO

2010/ 056204 PCT/SGQOOQ%8?0409 .6 In a second specific expression of the
inventionﬁoﬂW@K@ﬁQ§”6P B S Fet hod of processing signals for a receiver
of a communi cation device, the comunication device being one of a
plurality of communi cation devices in a nmultiple access 5 communi cation

system havi ng a system bandw dt h t. | east r dwi dt h
bei ng di viAtbantagepedyn thesHir 'Sb‘isggligr ?ﬁf}%%"%ﬁ %ﬁﬁ%ﬁ&{?ﬁ%?%@%?mﬁg&or nor e
pairs of resource blocks symetric to a carrier_f | are

al | ocat ed heoalionatedr Intaisasei 18 "aiRd 5pa) wgug,qls&r%ﬁﬁ*égﬂ 8)(:‘%ggsrn?LJur‘?\t?scati on

devi ces, the communi cati on device bejn | | ocat ed I resource bl ock
pai r from itxksd eenierQﬂOUﬁﬁ?rféo?‘@%h‘f’Eé a%fag%ﬁ(b%seﬁdr%q gttl%éegt%fe ﬁg'd conpri sing

the steps of: receiving the signals which are, carried in e r nore
resour ce biteekelppiatity, oftthe rasebERRIFKS %?Cgrq}%kﬂntfﬁiﬂﬁ%sgp@ﬁ ri&sregﬁ gér’;\)ded f or
the plurality of comrunication devjces; dénaf)np'g{égsa@he 4 ecegcﬁed signal s
to extngctbistignsltise msoyrderdesk pRY. ANEJESANAH MY /PO e BFEHTFGCK pair;
and recovering originals signals for the comunicati ogP?gevi. e based on the
denmapped sjcgbadcs bicBhep=ins hased an the exsignesbialpes. in MBLICHAMESE™®a conti guous
band of frequenci es. _ . . :

envisaged that not all the resource block pairs assigned with values are

allocated in pair to users. For exampie, if the system bandwidth comprises four

resource biocks forming two pairs of resource blocks, it is envisaged that one of

15 the pairs are aliocated to a user (based on the assigned values) while the other

paAir may be allocated in a convention manner, for example with each resource

block assigned to a user. Thus, atleast one of the assigned resource blocks is

aflocated, and may not be all.

2 As an alternative, the method may comprise the step of aliocating a resource
block pair from the more than one resource block pairs which is closer to the
edges of the system bandwidth fo one of the plurality of communication devices

which produce signals with greater in-phase/quadrature phase imbalances (1Q

imbalances).




20 The recovering step may include processing of the signal by one of: a
maxi mum | i kel i hood (M.) detector, an ordered successive interference
cancellation (0StC) detector, or an iterative detector. WO

2010/ 0562Qd4PST4,&62209/ 000409 7 A conmuni cati on devi ce HalSEHECHH gured to
communi cate with a base station according to the nmethod of the second
specific expression of the above featuges. A communication network may use
t he above nethods during uplink or 5 downlink conmunication or nore
generally for signal transmssion. It is also envisaged that the nethod may
be inplenented as an integrated circuit which forns the third and fourth
specific expressions of the invention I g tddnspeci fic

expr essi onlo? f\!rﬂ‘@r?WEﬁ’i’Ye@ﬁ?e g']pg T?yﬁﬁ%ﬁlﬁoﬁlg AN ﬁ?g’gya%%ere I)'10 circuit

1C) f Itipl j cati [ f |1 ti
Syst om bangmipins o ARBNEHORTLACP R Sy LEEm oo 8 T eEh | Cingt (1) &

processing unit configured to divide.at |east part o fgmepandwi dt h
to form remu&@@nﬁlf@@k@%ﬁwwﬁﬂ?@ﬁoﬁtﬁ%r}sémf'%ig@nfeheo&ewg}r%erﬁ%yzl rs of the

resource bl ocks synmmetric to a carrier fre ncy,. .sel gcti |, ocati ng
the one sor compesd ersen af g@UBING SRS EnF%ggﬁ’g %‘l’raﬁ s?g%é’t.'%@,é%c?%éé of the
plurality of communication devices. Such an | C may be used.| se
station. | meaickpas aHirstgseid iféh%%@%rgwgo?’g?%%ar%%me?%ﬁ%”%#’é& &'s
provided an integrated circuit (1C for a nultiple agcess, co. i cation
syst em confyageisad thoadigdregrenes §Pﬁ@f§i1@‘ﬁ§|3§laﬁﬁdp%(‘etsé§ 3*?%8‘!”%#5’ %E
communi cati on device, the communi cati on devi ce bei ng one.of a rpI urality of
communi cat i @mm@vidaties demicas mala $9spad e § t%ﬁ?ﬁﬁﬁ%&f‘i”@ﬁ‘% ¥ having a
system bandw dth, at |east part of the system bandw dth bei ng divided to
f or m r esour GRvkarkssearmthstsupbi-beterdine arshige gy a%?'@cﬁﬁ?g g‘eof resource
bl ocks symetric to a carrier frequency which are WO :
2010/ 056204RGTPGR PRDLARAAOE phitstnaseetion theggreupind¥-espect i ve ones of the
plurality of cofmunication devices, the conmunication device being
allocated a first resource block pair fromthe one or nore resource bl ock
pairs, the |IC conprising ‘

Preferably, the first group is aliocated resource block pairs near the edge of the

bandwidth to be aiio_cated.

s The entire system bandwidth may be divided int step (i). Alternatively, only a
portion of the system bandwidth is divided and allocated based on the above
méthod, and the other portion is aliocated to communication devices in a

conventional manner. This may be regarded as a “hybrid” allocation method.
20 The plurality of communication devices may use OFDM for signal fransmission.
The methods discussed above may be used by a base station for

communication with a piuraiity of communication devices, such as in a cellular

network or other comrnunications network.




. resource

a processing unit configured to receive the signals which are carried in
the one 5or nore of the resource block pairs, the received signals
“including signals intended for the plurality of conmmunication devices;
demap the‘{@ﬁﬁ&%@g4signals to extract signals only fraarskeraliglat ed first
bl ock pair; and recover originals signals for the comunication
devi ce based on the demapped signals. ;Such an IC may be used in a
comuni cation device. 10 Brief Description of the Drawings In order that
the invention may be fully understood and readily put into practical effect
t here shall now be described by way of non-limtative exanple only, an 15

exerpl oy enbod e Gf M ch (s d6SHL b Reloabi el |
schemaic alagtam show 19, Part, o, A EEMLIGATAIALIA cimcalin (1110
2 S ngl'e. SiieareinaroTuRR BRHP O R o T e G i e e BER
channel s HOVEOTGIOBGZB# ARy SEBGUS0BAY 08 B BrrbPa LTS FaSh Show ng
it Ee aa;/; L?g&ngaﬁaggégmd%dfglrr%trésoonurgé b&)rc]:gs %%toen%ts{ BB hGERSof orFl gure 3

more pairs of resource blocks symmetric to a carrier frequency which are
allocated to one or respective ones of the plurality of communication devices,
the communication device being allocated a first resource block pair from the

10 one or more resource block pairs, the method comprising the steps of:
raceiving the signals which are cartied in the one or more resource block pairs,
the received signais including signals intended for the pluraﬁty of
communication devices;

demapping the received signats 1o extract signals only from the allocated first

(5 resource block pair; and

recdvering originats signals for the communication device based on the

demapped signals.

The first resource block pair may comprise a configuous band of frequencies.
20  The recovering step may include processing of the signal by one of: a maximum

likelihood {ML) detector, an ordered successive interference cancellation

{QSIC) detecfor, or an iterative detector.




Figure 5 is a graph show ng average BERs for 16- QAM nodul ati on of the
detection schenes of Figure 3 in an AWGN channel; 5 Figure 6 is a block

di agram showi ng vari ous conponents of a SC-FDVA system for the uplink of
3GPP LI E- &yonotdmssieh- carrier mapping or pairing to expl!SHEEHEN%* S i nbal ance
of a transmtted signal; Figures 7a and 7b illustrate known resource ‘
al l ocati on net hods; Figure 7c illustrates a resource allocation nethod
according to the preferred to enbodi.nent of the present invention; Figure 8

I Tustrateg @W%éa%bﬁ%j&kl%?ﬂg cShiisieR edcSamitidits aRPUNRSelaiok

al I ocation i re 91s aflowchart illustrating the steps for

al | ocali ng_tesqur ces, AEen ity 0oL BEhechrboamhasineabond obius:

i nventi on; & I'sa grap ng Peak-to- Average Power Ratio
(PAPR) characteristics of various resource block allocation schenes with a
pul se shaping filter; Figure 11 is a graph show ng Peak-to- Aver age Power

Rati o (PAPR) characteristics of i et - tion schenes .
Wit hout a PAPTENIHGHN r?fﬁ“’f’ﬁﬁ ‘?‘8}’;\/’?%:?*8%?%‘5‘%3’9?{5“%3393 gf)’ ugik!{l(l)lf/)\n&rﬁg aver age BER
erformance of a nobile term nal - I IAla] TR 3GPP

LTE A Dot SPVRINKSOSNPRDER B?mPheZéeﬁr?eerfg‘@'rér"é @gﬁ;ﬂ%@éﬁ@%&@%@%ﬁ/ 056204

PCT/ SG20091000409 10 To pr.eci at e. aef,i ef the
preferred enyerpasdhat them pdnqygbeagﬁﬁgggﬂ%aé{ﬁ 2;5 f%?@é %te\l/a\n%hghggﬁeral

system whi ch has 1/0O i nbal apnces...This w .| URCTR eIV rf ormance
anal ysi s sé&umisdhe ﬁt‘@o@ﬂ%@uﬂﬁépﬁ%ﬁgfpﬁw@h? ﬁgﬂ}er]h‘rflsm ﬂ E%%ﬁ?ﬁal ance on the
m ni mum Eucl i dean di stance properties of an optinmal maxi mrum|ikeli hood
detector (M.D) with and without |/O based subcarrier pairing. Next, the

| / O based subcarrier pairing is applied to an uplink of Thir neration
Par t ner shi pn Qnm;@mecﬁ@r@cww@@fdﬁﬁtfil\(f%ﬁ‘-f*%\%tﬁﬁ'@ég PIREsE 21 E-t‘i%q?@?o

10 circuit (IC) for a mulfiple access com munication system configured for allgcattng
system bandwidth of the communication system , the IC comprising:
(a proces‘asing unit configurad to divide at least part of the system bandw'idth to
form resource biocks amongst which there is one or more pairs of the resource
blocks symmetric to a carrier freqtjen cy, selectively allocating the one or more

15 resource block pairs to one or respective ones of the plurality 'of communication

devices. Such an IC may be used in a base station.

in a fourth specific expression of the invention, there is provided an integrated
circuit (C) for a multipte .access communication system configured for

20  processing signals for a receiver of & communication device, the communication
device being one of a plqraiity of communication devices in a multiple access
communication system having a system bandwidth, at ieast part of the system
bandwidth being divided to form resource blocks amongst which there is one or

more pairs of resource blocks symmetric to a carrier frequency which are




) System Mbdel with Transmt |/O I nbal ance Figure 1 shows a system nodel
and in this enbodinent, this is a conplex signal transm ssion part 100 of a
~single-antenna OFDM transmtter (not shown) 15 with N subcarriers. In the
i deal sce inqmge%t‘ihout any transmt I/O inbal ance, treTRE2GP/ENSITI t Signal
. X RF(t) is expressed in terns of the baseband transmt signal x(t) in the
followng way. xRF(t) = R {x(t)exp Oactil = R {(R {x(t)} + i {x(t)})
(cos(wet) +j sin(wt ))) R {x (t)} cos(w.,t) - {x(t)} sin(wet) , (1)
where R, {x (t)} and / {x(t)} are the real and.inaginary c onents of -
x(t), 20resjmatédielope carﬁ@mﬁ,c%w%omerﬁe%@rerﬁéfﬁﬁl%oé&8@%&9‘?°9¥'9\b%g‘1’)'°95'
2010/ 056204 PCT/ SC2009/ 000409 Ii RF transm_t signal suffers fr an
anpl i t ude tiescrmrobniEdticarevisediaingalipcaied éﬁr%%%ces%%??*ﬁffﬁwgﬁl?e 1.
Equation (1) nmay then be nodified to become onp(t) =it {o(t)} (1 + ET)
COS(Wet  c5Bhe or mofe (asphrogblockpRyrssing WeECmPEMY 5 and its baseband
equi valent is given by x(t) = LPF -(xRp-(t)exp(-3wct)} ',R,{xéﬁt) (1+ ET)cos
(ON) + | {s(prddeseibg uBitcosigirky torereMadpe)SIqNBIS ETIEh STaneayied N eet )} (1-
ET) cos(OT) , (2) where LP F{-} is the |low pass filter operation that
r enoves sanyr fepd titas regouPweblock pains the regaived signsais m@dg\gr%% of this
enbodi nent, the anplitude and phase to m smatches are constrai ned such that
0 < ET < 1jasidd fsr @b bheralty4f céipoanianiiot2eviean; drenaniherereiehyond's ed by
using the fact that )

to extract signals only from the allocated first resource block pair; and

recover originals signals for the communication device based on the demapped

signals. Such an IC may be used ina communication device.
10

Brief Description of the _Drawings

in order that the invention may be fulty understood and readily put into practical
effect there shall now be described by way of non-limitative example only, an
15 exemplary embodiment of which the description is provided below with

reference to the accompanying illustrative drawings in which:

Figure 1 is a schematic diagram showing a part of an OFDM transmitter for
transmitting a compiex signal which has transmit 1/Q imbalance;

20 Figure 2 is a graph showing average minimum Euclidean distances of a first
data subcarrier and a single subcérrier counterpart; .
Figure 3 is a graph showing average BERs for-‘fB-QAM modulation of various

detection schemes in a frequen_cy seiective channel;




it {x(t)} = (z(t) +/2 and | {x(t)} = -] (x(t) - x* (t)) /2 where (.)*
is the conplex conjugate transpose. This result in 15XBB(i) = aTx(t) +

, 6Tx* (t) , where icrT 4-1 cos kr + ' sin O and Or 6T COs OT j(fir. The
cor r espongigehifsReency- domai n baseband equi val ent trali‘ﬁé”fﬁciw@(‘}@‘lﬁ on the
kt h subcarrier is given by X Ba[k] = aTX[k] + (3T X* [_k] = ar Xk] + $7,-
- 1] .(3) 20 where k = NO, NO+1... NO+K-2, NO+K-1, NO+K+1, NO+K+2... NO+2K
It is noted that we have assuned, as in nost if not all rnulticarrier

systens th tot 010/ 056204 rs avail abl e
For data t FRRRdSPARRLO LB B %%5?%%%?4 B e aERET K o
subcarri er The center fr uency g r1en (DC) subcarri er No+K
i s not usedjeﬁﬁt'oﬁéf"éem?% i H t@f@t’%ﬁjn g%ﬁjh? ko) ES) it can be observed
that X[k] is interfere t he signal rri k -
11. For X[ KJgurpeNps & ggan ‘:l ovﬁnwv eB[%hg? ior 1%@?‘%?”0 F[Ia?f)rbgF hEI e eI erment s
of a nodul ati on al phabet, 11. ol T\,g\ﬁ'}zéﬂ i hat e {represent ation is considered
such t hat ﬂ@éeqt‘@fblségf‘éﬂ?%?ﬁ JaUe ki8S {96 Bne of the it conplex
constellation points that. are robabl e, but w i.f n | i tudes
iik(m) and Fgwaséds arienk dipgram seh%w}dp VaMpYS eHBROHS ﬁﬂ?%ﬁ %@K/@h &
fiX[k1l121 = Ernm .1 14 I M= ifor all k, m=1, 2. NG,
for the up!lnk of 3GPP LTE-A with sub-carrier mapping or pamng to exploit the
I/Q imbalance of a transmitted signal;
Figures 7a and 7b illustrate known resource allocation methods;
Figure 7c illustrates a resource allocation method according to the preferred
10 embodiment of the present invention;
Figure 8 illustrates an existing LFDMA and clustered SC-FDMA resource block
allocation mapping,
Figure 9 is a flow chart illustrating the steps for aliocating resources according
to the preferred embodiment of this invention;
15 Figure 10 is a graph showing Peak-to-Average Power Ratio (PAPR)
characteristics of various resource block allocation schemes with a pulse
shaping filter;
Figure 11 is a graph showing Peak-to-Average Power Ratio (PAPR)
characteristics of various resource biock allocation schemes without a pulse
20 shaping filter;

Figure 12 is a graph showing average BER performance of a mobile terminal at

a cell edge in the uplink of 3GPP LTE-A.

Detailed Description of the Preferred Embodiment




15NO+1... NO+K-2, NO+K-1, NO+K+1, NO+K+2, NO+2K+1l., and E{.} is the
expectation operator. Let Y33[k] denote the baseband equi val ent receive
“signal. It is expressed in ternms of equation (3) as follows. Hikli XBB[Kkl
oeTli pc] XiJd doto@pod L{Ki r[N - k - + 1411, -.1 , (4) desi Petseligidbitrage signal
.-and noi se V\!% 2010/ 056204PCT/ SG2009/ 000409 13 variable with zero nean and
variance 4[4 Al so, M] is the additive,white Gaussian noise (AWGN) of the
subcarrier k and it is anconpl ex Gaussian random variable with zero mean
and variance cu, 2. Further, H k] and WKk] are independent with each ot her.
From equation (5), it is clear that the received 5signal consists of not

only the desired subcarrijier scaled by aT ., but also the i.nage.subcarrier
scal ed by Orapprecgtaike adyagigaRs ?f‘gbf*ﬁﬁ%éfofm PiGfeN %e%’@g?ﬁ’g’ﬁgﬁghes, consi der
the image rejection ratio (IRR), ,gi ven bg/: v37, 1%, %c}]sz 18]' +.4 sin? OT
10(5) COp2warddierspprepriate to begin with a gener {'system which has I/Q imbalances.

This will be followed by a performance analysis section studying the impact of
s the transmit 1/Q imbalance on the minimum Euclidean distance properties of an

optimal maximum likelihood detector (MLD) with and without I/Q-based

subcarrier pairing. Next, the l/Q-.based subcarrier pairing is applied to an uplink

of Third Generation Partnership Project Long Term Evolution-Advanced {(3GPP

10

i) System Model with Transmit /Q Imbalance

Figure 1 shows a system model and in this embodiment, this is a complex
signal transmission part 100 of a single-antenna OFDM transmitter {not shown)
s with N subcarriers. in the ideal scenario, without any transmit /Q imbalance,

the RF transmit signal 7 re(t) is expressed in terms of the baseband transmit

signal z(t) in the foliowing way.

zpr(t) = R{z(t)exp (jw.t)}
= R{RA{z(®)} + 7T {z(t)}) (coslwet) + jsin{wet))}
= R{z(t)}cos(w.t) ~ T{z(t)}sin{wt) , {1)

where R {z(t)} and T {z(2)} are the real and imaginary components of z(t},

20 respectively, and w, is the carrier frequency.

in the presence of frequency-independent transmit [/Q imbalance, however, the




In an ideal scenario without transmt 1/Q inbalance, i.e., er = O 77- O,
IRRis of infinite value. In practice, the 1RR val ue depends on the :
applications of interest, and the typical value ranges from30 dB to 80 dB.
15 Anot herW@Ml(%sgg)gi ve is to consider the receive si gralT/sG200§/600409
interference - plus - noise ratio (SINR). Conditioned on the channel
coefficient Hk] and the anplitudes ofj;constellation synbols of the inmage
subcarrier-k-1(m), where nil =1, 2, ... , M the sumof the inage signal

and, ol 52 Lb, el Lo B ue A BRaR GPIREN CEUSeS s bl e i (1 20

receive or one particular cr2,0

real i zati on of pk , Jd.e. he I stellation
symbol s of mgmatcn éTQ%,??mn B&xﬁ‘g‘f W#@ﬁéﬁﬂ’%ﬁhﬁ %%(P?SM%Q?AN k-i (nt),
HEM = 102-H[ 41124-k-1 (In') -1- al (cos2 OTsin2 S6T) IH kIl 121/12c (rn)
(6) (4 008RecEBe sin2 ONfki 1214 -k-1 (rat ) FO Asynptotically, wheno,

equation (6) becones (co chr .+ in, O (4 ¢ ( + sin2 954
/ IN-K- | (riimhy(thﬁeﬁ%%@336#%%0%%§ %E&&%“ﬁ’i()g}l (e€§ 5?‘2@%& oﬁ’%)it can be
observed that when 5 ET 0 O and OT o, the conditional SINR does not
approach aand it baseband gpukalerhiSERE PYior ds, there is a ceiling/cap on the
SINR in the presence of tr nsRit Ié_S.iggal ance. Furthernore, if i1 (m)

=47 4 1(1111) tmxtal LF ARRADIEPYREHdymtotic SINR is equivalent to the

R equat ] on (4).. 10, ARONN§ Lo 5oL 236 B GApSiGpp (6) that in the
£5R{2(0)} (L +er) sin(dr) + 5T {a(t)} (1 ~ ex) cos(ér) . (2)

where LPF{-} is the low pass filter operation that removes any replicas at £2w..
As a remark, for the purposes of this embodiment, the amplitude and phase

10 mismatches are constrained suchthat 0 <er <1 and 0 < ¢r < n/4.

Equation (2) can be further simpiified by using the fact that
R{z(t)} = (z(t) +2"()) /2 and T{z(2)} = —j (a(t} - ="(t)) /2
where [-)* is the complex conjugate transpose. This result in
15 zpp(t) = ars(t)+Frz*(l),
| where ar 2 cos ¢p + jer sin ¢p and Sr £ ercos ¢y + j sin ¢p. The cotresponding
frequency-domain baseband equivalent transmit signal on the kth subcarrier is
given by’

Xpslk] = orX[k]+ BrX"[-k]
= aTX[k] + Bp XN — k- 1. (3)

50 where k= Ng, Ng#1... No+K-2, No#K-1, No+K+ 1, No+K+2... No*2K. It is noted

that we have assumed, as in most if not all multicarrier systerns the total




i nbal ance, the achi evable SINR performance is capped by a ceiling as the
noi se variance (71 decreases, however, the next section will show

- analytically that with some proper receiver processing, the system

per f or Mangg, fafhseMs unexpect edly i nproved signi ficant| PCTES20004008%8r f or mance
,Analy5|s In the article by Y. Jin, J. Kwon, Y. Lee, J. Ahn, W Choi and D.
Lee "Qbtaining diversity gain com ng f om | Q i mbal ance under carrier
frequency offset in ,i) CFDM based sys ens" in Proceedings of | EEE VTC
Spring, April 2007, e It _was y

si nul at i on§Uttqwef§\ﬁ‘é@i%§”9r EQPJ@ Fﬁﬁﬂpnbgfarée‘éé&f“r’%ae %gé‘?h”gefdon?s
processed by proper receiver process

2010/ 056208RAY/iSeppEIe0dad genis %qtf%%cqfnﬁ&ilf‘ﬁ’iﬁhcf-'rrﬁ‘éﬁ BHoHeFT8t or (WMD),
together with that of the inmage subcarrier in frequency selective fading
channel s, Uln%ﬁgiqfvsgﬁf%d@%“%r@%%@f‘ned However, the teachings in Jin et.
al. are just sinmulations. 5 To provide an understandi ng of the benefits of

t he descri bed enbodi nent, the foll owi ng passages vvi | 1 discuss the mninmm
Eucl i dean di st ance pr ertl es of, and evaluatin transm t ersity
order of, Ereropgiafin ( )ﬁ qarka Paaeryashbat dék é%%‘?% Ry $he W@’Hggﬁ
subcarrier pairing (i.e., the pairing of the desired to subcarrier and its

i mge subcaﬁmgﬁ@bcas'iep,rﬁmséd— By the present invention. The results are
then conpared with the transmt diversity orders of a conventional single
subCarrier-based M.D (i.e. without any subcarrier pairing) and a zero
forcing (ZF) detector with the same subcarrier pairing. is Maximm

Li kel i hood gBekegton Witk Q, hasrdibids aerdfel foabiblengefn®h® of aML.D) As
referred to in equation 85) t he baseband received signal of the k-th

subcarrier n@éfa}ﬁbn BHrabEUR h&Er Sordinatd fepRssBntatioh @abnsidered sugin
subcarri er that "of an image subcarrier XN - k - If YaBjkl is

paired wit | JiRb @ draTIRO L cofplhechaeritond recei ve
1@'} ?}]atet h‘%ﬁ?@_&@?%&hon takesQ/al cOhpleReo

si gnal subcarrier Y2 [N - k - 1] in the follow ng way,
points that are equi-probable, but with different amplitudes p,(m) and

phases gi(m), L.e.,
XK = p{m) exp (jpuim))
where £ {{X[k]]?} = T, pi(m)/M = 1forall &, m=12.... M, k=N,
15 Nyti... NoHK-2, No#K-1, NotK+1, Nog+K+2, No#2K+1., and £{-} is the

expectation operator.

Let Y 5[k denote the baseband squivalent receive signal. It is expressed in

terms of equation (3) as foliows.
20 = orHIEXIK + BrHIEXTN — k= 1]+ Wi, )

e "~
dagired signal image signol and noise

where Hjk is the channel coefficient of the k-th subcarrier and it is modeled as

an indepandent and identically distributed (i.i.d.) complex Gaussian random




WD 2010/ 056204 PCT/ SG2009/ 000409 16 YRB[kI YhtN - k - L-Yk C THK]
=firillkiX[kj Wkl = OIP[N- k - 1] cell*(N- k - 11X [N- k - 11W(N - k - .

3.1 -, --. .. ,--, LH, Lxk then one can observe from e&uation é‘rzﬁ) t hat
since the wowibmsansm t symbols, X[kl, X* [IV - k - 1] PPN tted
across two different subcarriers simul taneously, transmt diversity is

potentially provided in a frequency sghective 5 fading channel. Based on
t he techni que proposed by E. Soljanin and C. N Georghi ades

variable with zero mean and variance c2{k). Also, W(k] is the additive white
Gaussian noise (AWGN) of the subcarrier k and itis an i.i.d. complex Gaussian
random variable with zero mean and variance 2, Further, H{k] and W{k] are
independent with each other. From equation (5), it is clear that the received

5 signél consists of not only the desired subcarrier scaled by ar, but also the

image subcarrier scaled by Br.

In order to quantify the effect of these mismatches, consider the image rejection
ratio (IRR), given by:

lar|?
iBrl?
cos? ¢ + €2 sin® ¢

= mer (5)
10 €3 cos? ¢ + sin® ¢y

IRR =

in an ideal scenario without transmit I/Q imbalance, i.e., er = ¢7 =0, IRR is of
infinite value. in practice, the IRR value depends on the applications of interest,

and the typical vaiue ranges from 30 dB to 80 dB.

15 Another alternative is to consider the receive
signal - to - interference - plus - noise ratio {(SINR). Conditioned on the channel
coefficient H{k] and the amplitudes of constellation symbols of the image
subcarrier py—k-1{m’), where m;’ =1,2,..., M, the sum of the image s“rgnai and
noise in equation (5) is a zero-mean complex Gauésian variable with

20 vanance \BrH ke, (m) + ol . The receive SINR for one particular
realization of u(m), i.e., the amplitude of one of the M constellation symbols

of X[k}, is given by




"Mul ti head detection for nultitrack recordi ng channel s"; | EEE Transacti ons
on Information Theory, vol. 44, no. 7, pp 2988-2997, Novenber 1998, a
“mnimumto Euclidean distance analysis of an opti rral M.D with the I/ Q based
subcarri erypakidsp@s of equation (7) is carried out, i.ecTacgruobiokikl 12(8)

. Where |tk = fb({/ Ih[1V - k - 111T is the estlmate of Xk, and HT is the

t ranspose. For the ease of reference, . hr oughout this descrl ption, we refer
tothis MD as "I/Q M.D'. The fundanental inportance of considering the

m ni mum Eucl i dean di stance is that t he bj nggro rate (BER) at high
signal -to A HUS) we L_éggiﬁpdﬁ%gg—@ythe equation: WO
2010/ 05620W£C$Pé 16“85/%%‘?405 17 Bk 2" FRY1 0g2 M and the transmit

diversity order, which refers to the niofiit tirdéSIQ?f¢It)H\@ﬁ~§ trogel of J p average
BER versus SNR curve at high SNR CAnobereasi’loy ) BN all*wat edrdceoi ding to the
equation: 5 log P(kk =Xk Hk) Transmt Diversity Order = 1in(10) cl-40l og

cr,:2 Asymptotically, when o2, — 0, equation (8) becomes

(cos? ¢p -+ e sin® ¢r) pi(m)
(ﬁ% cos? ¢y + sin’ ¢T) B3y {m')

hm SINRy (ui(m)lpn—r—1( H[k])

Referring to the above asymptotical expression, it can be observed that when
5 ep£0and ¢r #0, the conditional SINR does not approach an infinite value. In
other words, there is a ceiling/cap on the SINR in the presence of transmit 1/Q

imbalance. Furthermore, if u2(m) = u%,_,_,(m/) for allm and m', the asymptotic

SINR is equivalent to the IRR in equation (4).

10 Although it is clear from equation (6) that in the presence of the transmit VQ
imbatance, the achievabie SINR perfommance is capped by a ceiling as the

noise variance o2 decreases, however, the next section will show analytically
that with some proper receiver processing, the system performance can be
unexpectedly improved significantly.

15

Iy Performance Analysis

In the arficle by Y. Jin, J. Kwon, Y. Lee, J. Ahn, W. Choi and D. Lee "Obtaining
diversity gain coming from 1Q imbalance under carrier frequency offset in

o OFDM-based systems” in Proceedings of [EEE VTC Spring, April 2007, pp.
2175-21798 din et. alj, it was proposed by simulations that when a received

signat of a desired subcarrier is processed by proper receiver processing, such



where 77 and v are constell ati on-dependent paraneters, Q,) is the standard
Q function, and dlinik is the m nimum di stance expression of the I/Q MD,
which is obtained by the mnimzation of the squared Euclidean di stance
r12(Bk) oygf@ldss@ssi bl e non-zero normalized error ePERSEAPORRE Xk - kk =
[E[ki,- - ITir eM i.e. d2mn,k = L:Tii410 d2(Ek) In the follow ng ’
results, there is an assunption that gonplete conposite channel state
information (CSI)11k (i.e., the channel state information Hkj, 11[N - k -

the anplitude m smatch ET, and.the e.nm : tlof thd g at the
15rec¢rarip vera.sth&/\mazmlﬁﬁé‘ﬁglﬂ%’%lgeﬁ%%@og@?gg@%@ tﬁi’ﬁteagrﬂé% 1:" Let = nmin
l=mnll ETA - k - 1E12 .(IT), EE K- | of; i 584 .M snat ch
OT, the nimbpameEndTaQHERRY a%'egyﬁ?%%? %ﬁ?ﬁgﬁjgnﬁ‘ﬁ%sﬁ@%’?gé@?eﬁh?ﬁ.

ternms of
the anplitude msmatch Cr as follows. @os= 07- + 4 sin2 BTilprizill2 +(c

W52 4.377 + sin2 (t)r)l14N - - 42)4 0 << ¢(.0r) , (12) s7')2 O nkl12 + HPV
-k -c($) .<EBEr <1 where -b Nh2 - 4ac , . .
(%) However, the teachings in Jin et. al. are just simulations.

To provide an understanding of the benefits of.the described embodiment, the
following passages will discuss the minimum Euclidean distance properties of,
and evaluating the transmit diversity order of, an optimal maximum likelihood
detector with an 1/Q-based subcarrier pairing (i.e., the pairing of the desired

10 subcarrier and its image subcarrier) as proposed by the present invention. The
results are then compared with the fransmit diversity orders of a conventional
single subcarrier-based MLD (i.e. without any subcarrier pairing) and a zero

forcing (ZF) detector with the same subcarrier pairing.

15 Maximum Likelihood Detector with /Q-based Subcarrier Bairing (/Q - MLD)

As referred to in equation (5), the haseband received signal of the k-th
subcarrier Yaglk] is 2 function of the transmit signal of iis own subcarrier X[k]
and that of an image subcarrier X[N — k - 1]. If Ygplk] is paired with the compiex
conjugate transpose of the baseband receive signal of the (N —k — t)-th

20  subcarrier Yig[N -k —1]inthe following way,




) 7 dawth a=IHN -sin=c¢.57, + H[kir. cos=b -2 all[kr I A- - 1112),

and ¢ = 1/1E.N - k - 1112 cos2 ch. Proof of Theorem 1. 5By re-arranging

~equation (7) as = the squared Euclidean distance can be expressed as d2(EM
= (102- 12%#}% Sgﬂ/ 0)-121HEN - k -1112) lhel kil 12 + (lpcef&2mypidos k - 1] 12

C+ 107- 1221 TP BRI M1EIN - Kk - 11112 + (Yr ,6li- (1H [KW+ IHEN - k - 1112)
(11E1k111) (11EIN - k - 1111) + ttl+Qf fifilkl12 +1117- k - :

1112) (11E[kJI 1) (HEIN- 1111) . (13) Wthout |oss of generality, it is

assuned that loct7.121H N - k - 1112 +],82-121111k112 >

| eeT12W K] | 2+%5187- 121%N - k - 1112 ,(14) | which is equivalent to WO

2010/ 056204 %3@2_0;9_9/1]0 0409
% %:;': -
e ] oA X[ } . { Wi } [0
R R B L D R
A;a, . é;cr,, Lw,

then one can aobserve frorﬁ equation (7) that since the two transmit symbols,
X[k, X* (N — k- 1], are transmitted across two different subcarriers
simultaneously, transmit diversity is potentially provided in a frequency selective

5 fading channel.

Rased on the technigue proposed by E. Soljanin and C.N. Georghiades
“Multihead detection for muttitrack recording channels”; IEEE Transactions on
- information Theory, vol. 44, no. 7, pp 2088-2997, November 1898, a minimum
10 Euclidean distance analysis of an optimal MLD with the 1/Q-based subcarrier
pairing of equation (7} is carried out, i.e.

X, = afgfggln”Yk - HX: P (8)
where \5{,: = [R[K], X*[N — k ~ 1]|” is the estimate of X, and (-)7 is the transpose.
For the ease of reference, throughout this description, we refer to this MLD as

15 “VQ-MLD"

The fundamentai importance of considering the minimum Euciidean distance is
that the bit error rate (BER) at high signal-to-noise ratio (SNR) is well

approximated by the equation:




19 111742 IH N k 1112 ,0 < ET < 1,and0 < OT <. In order to find the

m ni mum di stance dlik, the set of all possible non-zero error vectors Ek =.
| E[ k], E*IN - k - 1117 is partitioned into the follow ng two cases. 5 Case
1: One NoRyd&fi@eFsoor El ement In this case, either E[RCT/AG2A09004(9 o
d2(Ek) = (larl21Hi ki 21fir[21H N - k - 1112) 11F[ k1112 or E.[N- k - 1] 0 O,
whi ch corresponds to d2(Ek) = OnT121H N - k - 1112 (,37,12 IHW) HEW- Kk -
11112 . 10 If a comon assunption is made that the single-subcarrier

m ni mrum Eucl i dean di stance is the sanme for bot P rriers, i.e., rain
11E[ k1112 = rain (1E1N,; Kk 3 2 =4 as | eg @on (11) then 4t is clear
from equation (14) thgl(xfhﬂexﬁﬁ%# ﬁdil%&mcdg r 4?he jcase of one(bLon-zero
error element is given by 15 d2min, k = QuT12»*112 +40T12111i N - k - 1112)
cgo = ((cos 2+ 4sin24[7')i141/4112 (er cos2 r  Si nzgg)lmﬁlgl - k- 1)12)4 In
ot her wor depdtietansmibdinemsi PrépsanhiFndeme b the mRITUFEPTMRANREN = 2. 20

Case 2: Two Non-Zero Error El enents - )
: the average BER versus SNR curve at high SNR, can be easily evaluated

accordi'ng to the equation:

, (10

_ logP(Xe =X | Hy)
5 Transmit Diversity Order = U%I—L;IG# : (izgm}]z

where 5 and v are constellation-dependent parameters, Q(-) is the standard ¢-

function, and &%, is the minimum distance expression of the /Q-MLD, which is

min,
obtained by the minimization of the squared Euclidean distance d*(Ey) over all
possible non-zero normalized error events
10 Ey=X,-X, = Ek,EBIN k-1 eM, ie.
drinie = B d*(B)
in the following results, there is an assumption that complete composite channel
state information (CSI) Hy (i.e., the channet state information H{k], H{N ~ k -1},

the amplitude mismatch er, and the phase mismalch ¢r) is known at the

15 receiver,




In this case, both elenents of Ek are non-zero, i.e., Ek], EX[N- lc - 1]

0 0. Gven equation (13), one can lower-bound it in the follow ng way: WO

- 2010/ 056204PCT/ SG2009/ 000409 20 (12 (E k) = OnT1211-11k112 +113712(117 -k -

1112) E k]WEI ki g%{ 12111 N - k - 1112 + 107-121H1k112cEkdhmodoosss 1] EIN - Kk
Q011056204 ¢

- cerfri, I[N - k - 11(2) E[K]E[N- k - 11 a)57. (1H k112
+(1-11N - k - 1112) E[K]EN - k - ii Carrili[k]i2 + 1,32,1211/[N - k - 11(2)
Il E[k] 112 + (l1la2.121H N - k - 1312 +10%-12111[kj (2) 11E[N - k- 1)112 TE,;,
OH k112 +1111IN - k 11(2) 1E[K)E[N - k - - aT (11/[42+ 111[N - k - 11(2)1E*
[ K1IEIN - k Thegrami 21 HRB2+), 57121H N_ k - 11(2) |1JER1112 + (larj2111[N - k
-1112 +1132,121H1q(2)11. Ew_ k - 11112 aTfi;, (Vi[k]l2+ (TI[N - k -

1112) I E[N Lew - 111 a07" 011E42 +1IHN - k - 7112)1EI ki T Et[N - k - 111(15)
in which the equality equation (15) is achieved when E[k] = - E* [N- - 1].

By considering the £ okl omingEimieqsal | Jiyn L BRI — e Ii1112- (1mWE[ K] n2 +
11EIN - k - 31112) 5 Eqd&tion (15) €An"Fifther be | ower-bounded as

d2( EKk) (| T2IHIk ‘ . Bl 4 12k - 1112
1/ 271)22 / ?_‘llkff_l }?Ejm%‘_féi N?‘ﬁ.\tkrglflmzl%% %gl\l 2 n%mmu;lnléfg(%dgz% {Qt[im{]r‘g nf" ﬂhQ@/yﬁéL +

MLD is expressed in ferms of the amplitude mismatch er as follows.

(f{:ogg tr + epsin® de)lH| &}

e = +(eh cos® ¢ + sin® ér )| HIN — & — l][‘l)dﬁ, 0<er <clor) « (12}
(1 — &) GHEP + |HIN = k= 1) &, cfpr) Ser sl
where
(o) = wbi\im}?
o
with o = |HIN - & = 1fFsivver + (HE[Feoser, b =

~2 (JHE + LHIN — b= 10P) e ¢ = JHIN ~ &~ 1? cos® gy + |H[I) sin® g

Proof of Theorem 1:
5 By re-arranging equation (7) as
Y[ = X[H[+W[,
the squared Euclidean distance can be expressed as
(B = |[ETHI|
= (lerlPH P + BRI HINV — k= 1)) =G
+ (ler Pl HIN = k= 1P + |8 E P 1BV ~ &~ 1117

+ arfy ((HE + 1 HIN =k - 107 (1ERID BN = k= 1]|)

+ o fr (JHE] + [ HIN — k= 1F) (E[RID (1B N — &k = 11} . (13)
Without ioss of generality, it is assumed that

10 larPlHIN — & — 17 + 16 PIHIEE 2 Jer " H[E)® + IBTF!H[N — k=1 (14)

which is equivalent to




12arfi;",IHN - k - 1112) (11E1k1112 + liEAr - k

(I'[k]12 +111[N - k - 11(2) 01442 + HEW- k - 1i112) 2 >
(IarriIIik1121137 (21HN - k - 1.112) + (laTriff(N- k - 1112 + 1)52121H
[42 ) - (afobohise2e8T) [K112 + 111[N - k - 11(2) = (iaTreT/@p2002)00402H k] 12 +
(HEN - k 11(2) 4 . (1- ET)2 (1Htk112(H [N - k - 1)(2) d20 .(16) Note here
that the inequality equation (15) is 3 hi eved when E[k) = -PIN - - 1], and
the inequality equation (16) is achieved when WD 20101056204 j | E[ k] H2
-if: HEW- k - 11112 dg. 21 PCT/ SG2009/ 000409 Fi nallé t/he resulting

m ni num di st an¢E @R et {a‘gg\r erk edliati of £¥2)< tan BedobthE by- conbi ni ng the
| oner bounds in the two cases above. 5

In order to find the minimum distance dlin o the set of all possible non-zero

- 11112) 1 - - ofIT

error vectors By = [E[k], E* [N —k — 1)]¥ is partitioned into the following two cases.

s Case 1: One Non-Zero Error Element

in this case, either B[k #0, i.e.,
P(E) = (orPIHEP + |BrPIHIN — k- 1F) [[BEF
or E*[N - k — 1] # 0, which corresponds to
P(E) = (orlHIN - k= 1112+ B IHER) BN k- 1)1
10 If a common assumption is made that the single-subcarrier minimum Euclidean
distance is the same for both subcarriers, i.é.,
min {|EE)|P = min[|E(N — k- 1| = d§ as in equation (11) then it is clear
trom equation (14) that the minimum dfstance for the case of one non-zero error
element is given by

i5
2. = (lerPHEIE + 1BrMHEIN — &~ 1) d

min, k
= (((:052 br + € sin? ¢p) | H k] [® + (& cos” ¢r + sin’ ¢r)[HIN — k- 1]12)dg .

_in other words, the minimum Euclidean distance is achieved when HEIR]? = &

20 Case 2. Two Non-Zero Error Elements

In this case, both elements of E, are non-zero, .e., E[k], B*[N —k—1] £ 0.

Given equation (13), one can lower-bound it in the following way:



Intuitively, one would expect from for exanple, the SINR expression in
equation (6) that the presence of the transmt |/O inbal ance |eads to
“perfornmance degradation. Interestingly and unexpectedly, as referred to in
the resul (g dRieum Eucl i dean di stance expression e@GasGansQuw2y in
.Theorem 1, 1t to Is observed that the m ni mum di stance increases (or

equi valently, the average BER i nprove with the anplitude m smatch Er
until the turning point at Er = C(OTl) "1 s reached. G ven the anal yti cal

results derived in Theose 1 owi ) the effect 15 of the

anpl i tude and’(Bhase H?ﬂdﬁﬂ*&%es}b’gﬁffmemg“ gn‘?‘?ﬁ H/er sity order. Corollary 1
In the presence of th f 2] e gramsfivt ki viersity order

of the I/QMD is equg {%ﬂm 2Proo?}I goﬂ)llar 1 At high SNR, it is

clear from equation (.t tiatk] fhechthdﬂuH ljﬁ)aE [BER décrléases exponential ly
with d2m ol ci. Duetothefac Iflllﬂga{&% k - 1112 are chi
squar ed random vari atyl@gr fqi‘deg’”r B [ght 5 Hhi - square WO

2010/ 056204PCT/ S 00 /0 j\;lalglwel {1 eyt ee 2, which corresponds to
a slope of two in 3%@@*2@& versus éﬁR %urve and a value of two in

equation (10). I t (i (2| APOF thant) ol ArBt AN N HE]N it gelieral, the diversity

gain provided by the transmt 5| al i hI dependent on the
foll owing two factors*a'f‘ﬁﬁin’%e Q&én"ﬂ ﬂgg‘t%djf [!? qc the value of fiTis

very small, -or equivale 2 Nef_fkecg ﬂm'ef\ra.mpi_u; ude and phase
msmatches are not S|gri"‘%%| ca{lf Pﬂ )ggct of ISTI2ZIHN - k -1112 on

d2,"., k is negligipl ¢ec PiLlfi-s] B@ﬁb‘é{f‘f k—l] l|ElkBne woul d expect that the

diversity gain is Veiy(lfrﬁ'?}z{war}f_dmﬁq« HIEE) BN — & — )

~ nfin (JHTEP + IV — k= ) LRI BV — k- 1]
_ o3 (IHIAP + HIN — k= 0P (BB -k =1 (15)

in which the equality equation (15} is achievad when Elk] = —B*[N — k - 1}.
By considering the following inequality
1
\EREIN -&=1]] < 3 (BN + BN — k= 11F)

s Equation (15) can further be lowar-bounded as
+ (iarlziﬁ’{N -k -1+ (B MH ik
- —aTﬁT (HR? + HWN = k= 1P) (1B + (BN — &~ 1 %

(
(BEE + BN — & —1]11%) -
P |

E(E,) > (lorIHKE + BrPHN = k= 1]F) e
) IEW ~ k=~ 1

(loriH ]lz+ \Brl* | HIN — & = 1)
+ (lorlPHN = k= 1 + [BrPHIE) &

~ (arBp + onfr) (|HIRIP + [ HIN — k= 1]} dg

(ler — BrP) (HIEP + HINV — b~ 1) d5

= (L—er) ({H[E? + HIN =k — 1) dy (16)

A%

)

- Layer (HIAIF + LIV = E =117
)

(]|

Note here that the inequality equation (15) is achieved when

Elk]=—E*IN -k ~-1], and the inequality equation {16) is achieved when




| operformance of the 1/Q - MD woul d approach the ideal scenario w thout
transmt |/O inbalance. F2) The correl ation between H k] and H*[N - k- :
1]. Denote EIIf[K]H[N - k - Pk =\ E{II1l1{1112}- k -11121 E{Hg % [N- k -
ah[ k] ah[ N o kymddsnsas a conplex - valued and nor mal i zeRCEGFFE G 0n
coefficient 15between Hk] and H'[N - k - 1]. It is clear that if these two
channel coefficients are highly uncorrglated, i.e., Pk --+ 0, then the
potential gain due to t he i mage subcarrier i s very large. Generally

speaki ng, Pk deg r s Wltﬂzthﬁ del ay spread. 20 Corollary 2 WO

2010/ 056204 W/S g/’f)Dé ‘ v23 Consi der the AWGN Channel as a speci al
case. In the presence of transmt /Q inbalance, the resulting m ninmum

Eucl i dean distance of the INNNILD i s expressed as* (1+4)4when < ET < 2 -
Ve Finally, the resulting minimum distance expression equation (12) can be

obtained by combining the lower bounds in the two cases above.

Intuitively, one would expect from, for example, the SINR expression

in equation (B) that the presence of the transmit /Q imbalance leads to

performance degradation. Interestingly and unexpectedly, as referred to in the

resulting minimum Euclidean distance-expression equation (12) in Theorem 1, it
10 is observed that the minimum distance increases (or equivaientiy, the average

BER improves) with the amplitude mismatch ez until the turning point at

er = e(¢r) Is reached.

Given the analytical results derived in Theorem 1, the following shows the effect

15 of the amplitude and phase mismatches on the transmit diversity order.

Coroliary 1
In the presence of the transm.it 1/Q imbalance, the transmit diversity order of the

1/Q-MLD is equal to two.

20 Proof of Corollary 1

At high SNR, it is clear from equation (9) that the conditional BER decreases

exponentially with ¢2,_ . /0%, Due to the fact that |[H{k]|* and |H[N — &k - zj[z.are

chi- squared random variables of degree 1, &, , is a weighted chi-square




2 - eTY dg, when 2-V15<ET Si Proof of Corollary 2 The proof of equation
(17) follows trivially fromthe fact that I1H k112 =. FEW- k - 1112 = ifor
“all k, 5 Referring to Corollary 2, it is found that, despite the absence of
the frequensyfisygisity, there is an increase in the powsG2yitidue to the
.addi tional anmount of energy, 4, contributed fromthe anplitude m smatch to
the 1/0-M.D. In addition, it can be observed that the m ni num di stance
equation (17) depends only on io the aﬁblitude m smatch fr, but not the
phase m smatch 4', in the AWGN channel . Sinole Subcarrier-bas%§¥ggxinum

I
Li kel i hood vBEERle b Hegigrth SYChPFeeRp PHR IO 2 BRPRIh Y0 TeRue7ep

nce of

the I/Q M.D wth a conventional single subcarrier-based M.D (i.e. w thout
sub- car ri ervepisISNRypuUive, abipyaba of Bve iregirfipd ("Wt hout | oss of generality,
it is assuned that IH k}12 <1 HEN - k - 1}12. The squared Euclidean

di stance is given by W) 2010/ 056204PCT/ SG2009/ 000409 24 d2(Ek)= El k] E*[N

-k -

aTH k] fiTHi I d _ _ ) _ ' .
It s important to note that, in general, the diversity gain provided by the transmit

s 1/Q imbalance is highly dependent on the following two factors.
e F1) The scaling factor fr. If the vaiue of gy is very small, or equivalently
if the effects of the amplitude and phase mismatches are not significant,

then the impact of |Br[P|HIN — k — 1]]? on &2, ; is negligible. In this case,

_one would expect that the diversity gain is very small and the

10 performance of the /Q - MLD would approach the ideal scenario without

transmit 1/Q imbalance.
» F2) The correlation between H{k] and H*{N — k — 1}. Denote

E{H[k|H*[N — k — 1]}
VE{H[E]PIE(HIN ~ k- 1]I7}
E(HRH*[N — k- 1]}

U'h[fﬂ]Uh{N - k- 1]

Pe =

(1)

e as a complex - vaiued and normalized correlation coefficient
15 between H[k]and H*[N — k — 1}. It is clear that if these two channel
coefficients are highly uncorrelated, i.e., g — 0, then the potential gain
due to the image subcarrier is very large. Generally speaking,

or decreases with the delay spread.

20 Corollary 2




5 (laTl2 11E1412 1/3T12 HEIN - k +an6; E[K]E[N - k - 1] + ce;, $TE*[ k] E*[N -
k - 3])1IH Kk]i2 .(18) The m nimum di stance &m nd, is obtained by the .
mnimzation of d2(Ek) in equation (18) over all possible non - zero error
events, i @208kl ES[N - k - 11]o, and it is given RFTEEIRIUD 5,
$T12)1/{[kl12d, --,-- (1 - ET)211/[424)(19) Sinmlar to the I/Q MD, the

m nimumis achieved when E[kl = -Es[Nok -1] and I E[k]II2 =ITE[N - k -clg.
For the special case of the AWGN channel, equation (19) is sinplified as
10d2( Ek) 7) 24. &%Qh FramequaklP s Qjﬁ?},c@z%q@quammm(@&) pf btnsrsit df@er ved t hat
t he mi ni mUETE dedn di st ance of t he conventi onal /si gﬂ!ﬁ.qsubp_ar»rli er - based
M n is onlyBunbdied deantiof nfifiemarpidideaedifiagratidhe V™Y »FshresSes at a
rate that Is squarely proportional to ET, which is in contrast to the

anal yti cal #€toncl usi on nade in the 15 previ ous subsection that the m ni num
di stance of the I/Q MD isdncreased for  certain vall of the transmt [/Q
i mhal ance. Further, »it is gl éh‘r*‘f’?f@m eqlfi%‘te?gnl(é B gngggquati on {((Tp) that no
transmit diversity (f:‘ﬁ“f“of—f'er ed(jn Li¥ig. casen 2 WO'ROEH/056204

PCT/ S&2009/ 000409 25 )

Proof of Coroliary 2

The proof of equation (17) follows trivially from the fact that

|HIk})? = |H[N =k~ 12 = 1 for all k.

Referring to Corollary 2, it is found that, despite the absence of the frequency
diversity, there is an increase in the power gain due to the additiongi amount of

energy, ¢, contributed from the amplitude mismatch to the /Q-MLD. in addition,
it can be observed that the minimum distance equation {17) depends only on

10 the amplitude mismatch er, but not the phase mismatch ¢r, in the AWGN

channel.

Single Subcarrier-based Maximum Likelinood Detector (without sub-carrier
pairing} \
s The performance of the 1/Q-MLD with a conventional single subcarrier-based

MLD (i.e. without sub-carrier pairing) is compared to the above, Without foss of

generality, it is assumed that |HK)? <[HIN-k-— 1}%. The squared Euclidean

distance is given by




Zero Forcing Detector with 1JO based Subcarrier Pairing (1/0O - ZFD) For the
pur pose of conparison, a sub-optimal but | ow conplexity zero forcing (ZF)
“detector Elk' with the sane subcarrier pairing equation (7) is also

5consi derqﬂ)m}a/@sgﬁu 111N - k - 1]- f3TH K] - k - 11 ar RCZEBG2@EpANAL2 - | $r12)
24

114E1*W- K -
B{K] B[N ~ k ~ 1]] ertit ][
|Bl] BV~ k .,

= (lanf BRI + 821" LELN — k= 1 |
torfrElR BN — k— 1] + op BrE[KE* N — &k — 1])|H;zc];2 {18)

i

d* (Ex)

The minimum distance d2, , is obtained by the mmlm!zatlon of d*(By)
in equation (18) over all possible non - zero eror events,
i.e., [Blk] EYN —k - 1] # 0, and it is given by
dmmk = (jop = Br) | HK]Pdg
5 = (1 — ep)*|HIk]Pdg (19)
Similar to the /Q-MLD, the minimum is achieved when Elk] = —E*[N — k ~ 1]

and || BIKIIP = LBV ~ k= 1| = d

For the special case of the AWGN channel, equation (19) is simplified as
10 EEr) = (1-er)'dp. {20)
From eguation {19) and equation (20), itis ohserved that the minimum
£uclidean distance of the conventional single subcarrier-based MLD is oniy a
function of the amplitude mismatch, and it decreases at a rate that is squarely
proportional to e, which is in contrast to the analytical conclusion made in the
15 previous subsection that the minimum distance of the VQ-MLD is increased for

certain values of the transmit I/Q imbalance. Further, it is clear from equation (8)

and equation (10) that no transmit diversity is offered in this case.




Pre-mul tiplying equation (21) with the receive signal vector YK yields the
ZF estimate of Xk: = HrYk 10= Xk 11-k-iWk The correspondi ng i nstantaneous
post-detection SINR of the k-th subcarrier is then expressed as 5{1. X[ kr}r
pkito. =(22)oWigsR Kl i,j, is the (i, j)-th entry of CGCTSHIEAMY t he noi se
covari ance conditioned 150on H1,1, and it is given by KE
{1-1-k-1WWLKk (11-k-i)*} = actrl12 Pri2)21H k1i 2MN k -1Wl ari 2
1) 12+ i 071211/[42- k - 1112 - arrOTl2s k112 k - 1112 - ar'illf
102-12111[ N - k1112 | aTi 21111412

~ere Foroing Detector with 1/Q-based Subcarrier Pairing (I/Q - ZFD)

1117 - k -
[ k112

For the purpose of comparison, a sub-optimal but ow-complexity zero

forcing (ZF) detector H;? with the same subcarrier pairing equation {7) is aiso

s considered,

) G HYN — k=1 —BrHIE)

21)
(orff = [Br) RN k=1 | _gepe [N~k -1} orHE] |

Ht =

Pre-multiplying equation (21) with the receive signal vectar Y, yields the ZF

estimate of X,
'Xk a5 H;]'Y}c )

10 = X, +H W,

The corresponding instantaneous post-detection SINR of the k-th subcarrier is

then expressed &s

X 22)

ﬂk} - [Qk]m e

where 1Q,):; is the (1, §)-th entry of Qq, which is the noise covariance conditioned
15 on Hpl, and it is given by
Qe = E{HFWLWLE)}
= oLHIE)

2
Ty

(arl? ~ |8 | HIBIPHIN — & = 1]
larPIHIN — k= 1)+ BePIHIER  —anbrlHIN — k= 1 - arnbriHIF"
—apBalHIN = k= 1) — orfplHEP {ArlPHIN = k= 1+ Jor | HIHP




WO 20101056204PCT/ SG2009/ 000409 26 Due to the fact that 0 < | aTi12,1firl2
5 1, [&Xi in equation (22) can be upper-bounded as follows. 2 211/iN - k -
"11121H k112 2mintlari 2(IHN - k - 1]12 +1Hk]i2) 1 (1.11PC 112 - - 1)12)
4 mn-ti c/“?jggmg,%z'lng} | UB(23)k Since IH 1, 1112 and HEMcI/sk2e090®32 are

-chi -squared random vari abl es of degree 1, 5 -Yuatk should be a chi-square
vari abl e of degree 2. In other words, ,the 1/0 - ZFD provi des, at a maxi num
an additional degree of transmt diversity with respect to the ideal

scenario without the transmt |/ Q.i nbalance. Ho ity in
equati on (2@ tecthn faﬂ’ilﬂyetlﬂeﬁa@hriid@ga %Zﬁ’c 1,&{}?@“%@%32@; agﬁodee “Eﬁ] lkrl i2 = "HEN -
k - 42, i.e., when both subcarriers experience fiat fading 10 channels.
Ther ef or e, 4 hek/a@folic@sD can at nost provide performance inprovement in
ternms of t%e power gain, rather than the diversity 2Ig?ai n., and approaches the
performance of the ideal scenarsd wi t hout| H Nandnt LT £ BIE nbal ance. Numeri cal

Results Mnte Cal®d:si ﬁulza,;}gnq{?inqm;m@s(m(;é —pkovilded H[b]8val uate the
performance of the 1/ Q M.D wi t i

irespect t he gl e carrier-based
counterpart and the SUbﬁowiggﬂ%l—é@l@jlyQﬁ% , The
performances of the i deitl cenari 6w 'thout 1/0 i nbal ance and tl@g wor st - case
scenario that the transm twa@k/ 0 i nbal ance is being ignored at tl)ue
receiver, i.e. neither ) bles of dearee 1
Since |H[k]|? and [HIN —k — 1)[* are chi-squared random variables of deg :

5 ~upy Should be a chi-square variable of degree 2. In other words, the 1/Q - ZFD

provides, at a maximum, an additional degree of tranérﬁit diversity with respect

to the ideal scenario without the transmit I/Q imbaiance. However, the equality

in equation (22) can only be achieved when |er|? = |Br]?

and |H[K? = {HIN -k —. 1]|%, i.e., when both subcarriers experience flat fading
.0 channels. Therefore, the l/Q - ZFD can at most provide performance

improvement in terms of the power gain, rather than the diversity gain, and

approaches the performance of the ideal scenario without fransmit /Q

imbalance.

15 Numerical Results
Monte Carlo simuiation methods are provided to evaluate the performance of

the JQ-MLD with respsct to the single subcarrier-based counterpart and the

sub-optimal but jiow-complexity /Q-ZFD, The performances of the ideal

scenario without /Q imbalance and the worst-case scenario that the transmit
20 1/Q imbalance s being ignored at the receiver, i.e. neither

compensation/cancellation nor subcarrier pairing is done, are also compared.




conpensati on/ cancel l ati on nor subcarrier pairing is done, are al so
conpared. WO 20101056204PCT/ 5G2009/ 000409 27 The simul ati on paraneters as .
shown in Table |I. This is purely by way of exanple, and ot her

conf i gur aty@ngoadishapar anet ers may be considered. Tabl e?GTSEBPHEPHNM on
Paranmeters Paraneter Value Carrier frequency 2 GHz Transm ssion bandw dth
10 MHz Channel nodel (a) random frequepgy sel ective channel; (b) 3GPP
typi cal urban area propagati on nodel; (c) AWSN channel Nunber of

subcarrier STheI\flsir%g?a%on. parameters as shown in Table [. This is purely by way of

example, and other configurations and parameters may be considered.

Table !
5 Simulation Parameters
Parameter Value
Carrier frequency 2 GHz

Transmission bandwidth | 10 MHz

Channel model {a) random frequency selective channet;
{b) 3GPP typical urban area prppagaﬁon model,

{c) AWGN channel

Number of subcarriers, v | 1024

Modulation format QPSK, 168Q0AM

Amplitude mismatch, ep | er =0.26,0.3

Phase mismaich, ér pr = 0°,5°

Others (a) Perfect composite CSI H, given in equation (7)

(b} No channe! coding

For a first example, the impact of the transmit I/Q imbaiance on the three
detection schemes in an ideal frequency selective channel with p, = 0 for all
subcarriers is observed. Figure 2 shows the minimum Euclidean distance of a

10 first data subcarrier d2;, , 102, which is averaged over 100000 channel

realizations. It would be appreciated from Figure 2 that the minimum distance of

the HQ-MLD first increases with er, followed by decreasing rapidly with er when




Modul ation format QPSK, 16QAM Anplitude m smatch, ET CT = 0. 26, 0.3 Phase
m smatch, k O = 00,50 O hers (a) Perfect conposite CSI ilk given in
equation (7) (b) No channel coding For a first exanple, the inpact of the
transmit w(hq(}ilmi?iognce on the three detection schenespchsamesgeab frequency
.selective channel " with ph = 0 for all subcarriers is observed. Figure 2
shows the m ni num Eucl i dean distance of a io first data subcarrier d2m nt,
102, which is averaged over 100000 ch#hnel realizations. It woul d be
appreciated fromFigure 2 that the m ni mum di st ance of @%e | /O MD first

i ncreases i muxETum fiotdaohed aby: - 64p cRRISFPRSEFTAICPS RPTER W NRen 28 the

maxi mumis reached at ET = 0.40. These observations agree with

he

anal yt i cal afxegidhitresulardarsdd imTRéremetn i adrifoadiFEoWH Peiatppéeﬁaﬁfr%tt"ﬁb
appreciated that 1/0O MV 102 outperforms the single subcarrier counterpart
104 for vayhsus ved vemedbriRtheRurgiesabpiraer sHeterEart 104 01y/a80U% he ni ni num
di stance is increased 5 significantly from0.2456 to 0.6463 when the
subcarri eryfaigding Ruatirpe, (WHenies =ug&dthewin inwn #FianTs IREIEESEY I n t he
m ni mum di stance, one can expect that, as evident in Figure 3, the I/Q MD
yields 2 siighifiddnepfont BAUES toh6463 MnendiesabearB@Rpairing equation (7)is

used. With such an increase in the minimum distance, one can expect that, as

evident in Figure 3, the /Q-MLD vields a significant reduction in the average

BER.

10 Further, it is observed from the figure that the slope of the average BER versus

SNR curve at high SNR is larger for the VQ-MLD, which is also consistent with
the analytical conclusion given in Corollary 1 that diversity gain is being

provided.

15 In summary, with the proper subcarrier pairing, the transmit I/Q imbalance can
improve the system performance. For example, when SN R = 20 dB, the BERs
of the conventional MLD and without transmit I/Q imbalance are abox_ﬁ 1.1 % 1072
and 2.4 % 10-%, respectively. When the subcarrier pairing equation (7) is
considered, the BERs improve significantly to 4.8 X 10-% and 3.9 x 1074,

20 respeclively, for the ZF detecior and the MLD.

Next, the average BER performance of these detection schemes in a reaiistic
typical urban area propagation model is investigated and a twenty-tap multipath

channel that is widely considered in 3GPP LTE - A is used (see for example:



10 Further, it is observed fromthe figure that the slope of the average
BER versus SNIR curve at high SNRis larger for the I/Q MD, which is also.
consistent with the analytical conclusion given in Corollary | that
diversity I Ro/bs3zoRel NG provided. 151 n summary, wth tiwa/geepesodgubearri er
pairing, the transmt |/O inbalance can inprove the system perfornmance. For
exanpl e, when SNR = 20 dB, the BERs of the conventional M.D and w t hout
transmt 1/Q inbalance are about 1.1 %°10-2 and 2.4 x 10-3, respectively.
When the subcarrier pairing equation (7% IS consider edf. %;he BERs i nprove
si gni fi canThiys GeneraBox PeOnarshircPrajest 3OGPF depBRICALBPSETIGREPT (IR“ZF det ect or
and the MLD. Next, the average BER performance of these dete %_ n schenes
in a real i Rbdis AcrpssRbtworhaRequemeptd fadarthenAfwraemants fWgs'@i Bgt ed and a
twenty-tap nultipath channel that is widely considered in 36PP LTE - Ais
used (see fqE-gyaitekbe)(ReR@sE ). [OniBenehipi/ar PR YHPROORH R (3GPP) :
Techni cal Specification Goup Radi o Access Network: Requirenents for
Furt her Adyapesameitm for E-UTRA (LTE- Advanced) (Rel ease 8). [Online -
http://ww. 3GPP. oroi ft p/ SPecs/htm - info/36913.htm]. 5 Figure 4 is a graph
showi ng;the average system performance of the detection schenes of Figure 3
and al so those of an edge subcarrier pair 106 and a center subcarrier pair
108. It shegle bes RBRIgECSHRiNg freaveRigrsStem peabrmarceeefdbe §ats6ET i er pair
106 outpertdrns the center subcarrier pair 108 by about 2 dB at to
moder at e- t Qalaintdy SNRSure Bhivsd alss easatofam edgeasupicaitios galsyl 0 thed Betflital ( F2)
earlier that the correlation Pk increases when the paired subcarriers are
getting cl 9&@* 4 el U Bt dheid Beudddreciatedtfrdrs Fipservibat thh@dgehe sl ope of
t he average Efe versus SNR curve for the 1/O- MDis simlar to that for
the ideal ggenani.q i {dslpbRGREThe cbh@risobaraacesif 108by abtig 2 dEBt M.D
contri butes rraln@)the power is gain, rather than the diversity gain to the
system. Thi er yati 12 bBserbatieKilexpath fF2 réamek @)1 i er section)
t hat , v@ﬁen"b%ﬁp%?%“%ﬂ%ﬂlﬁﬁ??%eal frequencs seldejzyti ve channel, the del ay
spread is %ﬁ Jﬁ%ﬁ{at%g pflattin %ﬂﬁcr&éé&é\ﬁlﬁ’emtﬂmré@fsumhtrieaaad&%étﬁngt he

el node

realistic consi dered here. It should be nentioned that only

bit errors on those ¢ i G Q 208 BHRCaArriers
have bet t e 958t PR etﬁ%irﬁfeza{tgérﬁftgﬁer %ﬁﬁﬁ%ﬁ?%i&?ﬁ. agi %glel y. the

speci al case of an AWGN .chan R S iQar RligiBararics @ graph
showi ng t h&e&ie CBE’QJOB%ED& { rD:aqeS %@ﬁ%&?itgﬁfgc hgr{%s gfeFirgure 3in an

AWGN channel . The |/ Q M.D provides only a s]ight inprovenent with
without transm% 1Q im%aiance (i.e., the%/Q - ??IILDgcontnthtes maqr‘ﬁy Ehe power

15 gain, rather than the diversity gain to the system). This observation can also be

explained by

]
&)

=
o
-3

2 (see earlier section) that, when compared with the ideal
frequency selective channel, the delay spread is smaller because of the limited
number of multipaths in the realistic channel model considered here. it should
be mentioned that only bit errors on those carriers are counted to show that

20 edge subcarriers have better performance due to higher channel variation.

Finally the special case of an AWGN channel is also considered. Figure S is a
graph showing the average BERs of the three detection schemes of Figure 3in

an AWGN channel. The /Q-MLD provides only a slight improvement with




WO 2010/ 056204PCT/ SG2009/ 000409 30 respect to the ideal scenario w thout
transmt |/O inbalance. This result is consistent wwth the anal yti cal
"results derived in Corollary 2, that in the absence of the frequency
di versityd N8k mum Eucl i dean di stance barely incr @&ges2t990@#H%anount of
-4 (in this case, 4 -,- 0.0676), which is too small to bring a 5significant
reduction in the average BER Nevertheless, it still significantly
out perfornms the conventional M.D by abbut 3 dB. The above principles wll
now be applied to 3GPP. tolll) Application of sybcarcier iring to 3GPP
LTE-A I n t hispeestatisl idealtseena OV RaIE dransputdfQ i‘fB’i’FﬂB%?erit‘JH& f&%@éﬁ on (7) is
applied to 3G°PP LTE- A uplink as an advant ageous alternati,ve to_existing
resour ce btamistaitmtibdhée analsticairesyits deryed it CRE|py Boéh%rﬂ'bh?p?tfsgpgeto begi n
wi th sonme background. Single-carrier frequency division nultiple access (SC
- FDVA), ubjthi Zegusioygliesrsiby, theminodom aue @ﬁaaﬁ&t%fwm?ﬁygﬁcf??%%% ssion at
the nobile termnal's transmtter side as well as frequency-domain
equal i zat i g atfoDR)ofal. (intbistrase, Gt=ab-PETH) sVhiek & 18 SmRY 18i°P#BI @and i s an
extension of the classical SC FCE technique to accommodate nultiple access
Due t9 i tgnireharedictish nothe serajeBESR NewetinelessEsEbMENEicaiB s have a
| oner Peak-to-Average Power Ratio (PAPR) than those of the orthogonal
frequency djHoghom llcbhpéritioralidsd HCERIAP dBnhi ch neans that the power
transm ssion efficiency of the nobile terminals is increased, and the area
WO 2010/ 056204PCT/ SG2009/ 000409 31 coverage can in turn be extended. Due to
the fact that the provisioning of wde area coverage is nore inportant than

the demand{or LS e StiEndRbe abplidCRPBERE- A, SC-FDMA is preferred to
OFDVA as arﬁgglt)?%{brml tiple access schene. 5

10 D Application of subcarrier pairing to 3GPP LTE-A

in this example, the 1/Q-based subcarrier pairing equation (7) is applied to

3GPP LTE-A uplink as an advantageous alternative to existing resource block

allocation strategies.

bl

i5

it would be appropriate to begin with some background. Single-carrier
frequency division multiple access (SC - FOMA), utilizes single carrier
modulation and sequential transmission at the mobiie terminal’s transmitter side
as well as frequency-domain equalization (FDE) at the base station's recelver
20 side, and is an extension of the classical SC/FDE technique to accommodate
multiple access . Due to Eté inherent single-carrier structure, SC-FDMA signals
have a llower Peak—to-Averége Power Ratio (PAPR) than those of the
orthogonal frequency division multiple access (OFDMA), which means that the

power transmission efficiency of the mobile terminais is increased, and the area




Figure 6 is a block di agram showi ng various conponents of a SC-FDVA system
200 for the uplink of 3GPP LTE-A. Briefly, the system 200 i ncl udes a
transm ssion section 210, a receiving section 250 and a transni ssion
channel 280, campdniscatively linking the transn ssion sSEOUI@M24@%nd the
receiving to section 250. The transm ssion section 210 includes an encoder
212 for encoding a signhal according tq, a transm ssion schene, a D screte
Fourier Transform (DFT) nodul e 214 for converting the signal fromtine
domain into frequency domain, a Subcarrigr i I _
processi ngcb@ag@naﬂeinttéw@ﬁaﬁﬁﬂdﬁq-%q{?etﬁﬁﬁ%%ﬁ@%ﬂﬁ%wlgﬁ gfn‘ﬁl@%ver se DFT
(I'DFT) nodule 15 218 for receiving the signal  from.the i er mappi ng
nodul e 216 arehf teerdgeds imw@@iéo@ﬂf%‘%[‘ a?cqh?%arﬂ%‘ﬁaj}ﬁ’mes[éj%ﬁ%ﬁé Wodul e 220
inserts the necessary padding (i.e. cycli refix) ,.apd a.Rul hapi ng
modul e 222 3GAR ETE-A BE-EPYAE Pﬁfe'tfﬁﬁtfgﬁ@c“éugﬁaﬁ“ ‘?’pé‘” S?L?"‘é‘g é”é?‘%srg

transm ssion via the transm ssion channel 280. 20 In one exanple, the
transm ssi @ph&eeti on 210 may be part of a base station of a cellular
network for exanple, and the receiving section 250 may be included in each
comuni gati on device operating in the cellular network. The communication
device may be nobile tel ephones, conmputers or other i /056204
PCSG2009/ 0GO4A8 6 182 tikeki iayamGihowdng ¥arioys CHfBROTHRAYS o RCEPVEERAE: wor k

but other wireless comunication networks are envi salg@d At the receiving
section 25QqgtiBetheaiinis of 35D TEakeB pelic dapiteRe0Pd #{F$Y 5 section 250
includes a Cyclic Prefix Renoval nodule 252 for renovi ng i he Eadegi ng from
the recei veadsireen setibF210ma coeviEn sediondsand 3 KgniESPECERYY signal to
the frequency domain, a Sub-Carrier De-Mapping nodule 256 and.a Frequency
Donei N Equalgzinhatnibaslielyeinkbe the trehsmgesiareediva gl 8ty hesgdidd of the
signal so that it is suitable for the next process. After the Frequency to
Dormai n ﬁ?uagejggaﬁ bem TROwremsdon steion 210 BAluderan 26004¢5 <8rPert the signal
back to the tine domain and a decoder 262 to obtain_the original
transnitted,si gpala sifhamctb@igos transreissioh dchemapp PissTeied®Ufifat t he system

200 is veryeS| mlTar fo an is OFDVA system except that the tinme-donain input

data symbol $.aLe(ARST poaErRk 21 fbr enuertng tersgnal bpm fee BPTaifpidii e 214,
foll owed by t'he subcarrier mapping nodul e 216 before perform ng the OFDVA

ggﬂl gt '222 g%@;&%p%ﬁ%,@%uﬁtﬁﬁrimin@ tnadslen®t6 foepeseasipg the have the DFT

converted signal from the DFT module 214 and an Inverse DFT (IDFT) module

15 218 for receiving the signat from the subcarrier mapping module 216. After the

inverse DFT, a Cydlic Prefix insertion module 220 inserts the necessary

padding (i.e. cyclic prefix) and a Pulse Shaping module 222 filters the signal so

that the signal is suitable for transmission via the transmission channel 280,

20 in one example, the transmission section 210 may be part of a base station of a

callular network for example, and the receiving section 250 may be included in

each communication device operating in the celiular nefwark. The

communicatiéh device may be mobile telephones, computers or otner mobile




the I DFT nodul e 260. Note that SC-FDMA is also terned as DFT-spread
200FDVA. It is the sanme as OFDMA in that it suffers fromsimlar transmt
"1/ 0O inbal ance during the baseband-to-RF conversion. WD 2010/ 056204

PCT/ SR00¥/PRARH04 33 sub-carrier de-nmappi ng nodul e 2BET/SGFHEHIE4P owi ng
-di scussion will thus be focused on these two nodul es 216, 256. Subcarri er
Mappi ng / Resource Bl ock Al ocation 53The mai n pur pose of subcarrier
mapping is to allocate DFT-precoded input data of different nobile
termnals to data subcarriers

. ce bl entire system
bandwi dt h. délowasy &f cofrse, rggr@wﬁ%bwm M 58%%@?%"“%?%8%?? e termnal's and
subcarriers such as 3GPP LTE-A, the %(grrput ational conplexity 10 involved in
i ndi vi dual cautruaiceiier NSVPEEATE 6RVIFA9%Rry huge. Therefore, the basic

scheduling unit for both the uplink and downlink bandwi dth is one resource
bl ock (RB), which consists of several consecutive subcarriers.

Specifically, in 3GPP LTE-A _one RB co I’IS elther tive
subcarri er s thietracaivisgiseaiian 250, BEraWF nBBFFS SHIECS ?nc%%eg%ﬁ%@g t| ve

subcarriers with a subcarrier |sbandw dth of 7 LTE- A,
sever al sr egestione25blingkderep By Al B bl gogy l‘?r%@e_%’{ Ir?/%é\gegﬂgﬂm of these
i nclude | ocalized subcarrier mapping_and a‘élust red res Ct lpé g}% mappi ng.
For the eapgddifg frotrahi oereivedesigndl jt PS, mp %Cffa’re 879558 LrDwvA
and Clustered SC-FDVA (CL- SC-FDVA), respect] v’\@/ 5 1%6 ag\
DFT- pr ecodggnanpuhe tratigensly camasbid ST IAREY HPH}?p@H B Afecuti ve
resource blocks (RBs). An illustrative exanple PI\/A shgwn én Fi gure
7(a) which ehby BenmibEbealizetion mngieozﬁ%@\ﬁf@@geﬁb% ey ACSHERe, WO
20101056204PCT1SG20091000409 _ _
of the signal so that itis cuitable for the next process. After the Frequency
w0 Domain Equalization module 258, there is an IDFT 280 to convert the signal

back to the time domain and a decoder 262 to obtain the original transmitted

signat.

Erom Figure 8, it shouid be appreciated that the system 200 is very similar to an
15 OFDMA system except that the time-domain input data symbols are
transformed to frequency domain by the DFT module 214, followed by the
subcarrier mapping module 216 before performing the OFDMA modutation. In
other words, for OFDMA, it is not necessary to h}éve the DFT module 214 and
the IDFT module 260. Note that SC-FDMA is aiso termed as DF T-spread
20 OFDMA. ttis the same as OFDMA in that it suffers from similar transmit 1/Q

imbalance during the baseband-to-RF conversion.

The various biocks of the system 200 are known (and thus, not necessatry fo

elaborate on these blocks), except the sub-carrier mapping module 216 and the



34 the input data of nobile #1 300 are mapped onto 4 contiguous RBs

306, 308, 310,312 that are confined to a continuous fraction of system

bandw dt h. The sane applies for nobiles #2 and #3 302, 304 under this
schene. 5 vA§2AfoRbdier nati ve to LFDMA, CL- SC- FDMA has DESHEGFPEF8YEY. Figure
8 shows an illustrative conparison between the resource block allocation
met hods of LFDVA and CL-SC-FDVA. In copgtrast to the LFDVA, the precoded
data of CLSC-FDVA is napped onto nmultiple clusters 320, each consisting of

consecutive RBs. An exanple is of ~oC. EDVA | s ' [ e 7(b), in
whi ch eac hsw%cﬁfﬂ@%@%ma@ﬂﬁ‘gdﬁﬂ%?i?gég Fﬁﬁ @@&@gg? ?%Y}%@giﬂ tﬁ‘ffgy%:l ust er
allocation to each nobile termnal_ is,_ highly dependent on the scheduling
pol i cy andfar:heethmameéﬁi?‘lvptr@o%‘ﬁeq%kﬁqggﬁcy resources. Using this exanple,
while the two non-contiguous clusters (one with RBs #1 and #2, another wth
RBs #5 and #6) are allocated to nobile #3, the two contiguous clusters
(i.e., RBs #9 to #12) are allocated to 15 nobile #2. Note that LFDMA is
actual | y aSspeiiel Magping SRR B each nobil e only has one
cluster. Wien conpared with the LFDVA, it is clear that CL-SC FDVA provides
a larges degree of uplink scheduling flexibility and inproves the frequency

diversity by, for exanple, allocating clusters of s tha i avorabl e
channel coftetiongufpose of FBBFarEet BARPRG|'S ER/@*I’OQ"’“‘?F’EDEE’EH"?%O&?@E@% (%65
bandw dt h. However, CL-SC-FDVA has its shortcon ngs and Ione PO Itﬁ%n is that
it tends tef Hffecent mxbilecteringisia §atehakbwTes | (85 BFCHES: RBCEH® ' i ons.
For those termnals that are | ocated near the cel] edge, t he potenti al
frequency @htiersjstam gandwithly. Bewaveli el sydems etholerghEUEEEHS Bhild i
condition. WD 2010/ 056204 PCTI SG2009/ 000409 35 To address the aﬁgve
shor t coni ngsmikdls iz8d pUbpasied techEs 36FR LTEsHuectomRIERiah GoTpex
preferred enbodi nent of the present invention, and the steps arﬁ?shown in
Figure § Snvilvest BpndRRiuat Bebsarser alideation idtyery SUgpy i oR@iars. s AP
plurality of resource blocks. It is preferred in the division that each of
t he resour cenih iRk Suriiafor beotpathe ablink t andownERk saadwidth e OPBSEEPEES bl ocks
that is symetrical to a carrier or centre frequency. Figure 7(c) .
i || ustrat eg; howrE)ewhReOsHrRss af seablzd caneeciitye MRCATES. cifivaly. ased
CL- SC- FDVA schene. The carrier frequency 314 _ i

3GPP LTE-A, one RB comprises either 12 consecutive subcarriers with a

" subcarrier bandwidih of 15 kHz or 24 consecutive subcarriers with a subcarrier

15 bandwidth of 7.5 kHz.

in 3GPP LTE-A, several resource block mapping approaches are presently
used. Two of these include localized subcarrier mapping and clustered resource
block mapping. For the ease of notational description, they are referred to as

»¢  LFDMA and Clustered SC-FDMA (CL-SC-FDMA), respectively.

For LEFDMA, all DFT-precoded input data of a mobile terminal is mapped onto
consecutive rasource blocks (RBs). An fllustrative exampie of LFDMA is shown

in Figure 7(a} which has three mobile terminals or devices 300,302,304, Here,




bet ween resource bl ocks #6 and #7 of Figure 7(c) is corresponding to a DC
subcarrier which is not shown in the figure as it is a null subcarrier
“instead of a data subcarrier. Step 404 then assigns a value to each
resource Qkﬂﬁ&mgéﬁgd on its channel 15 quality and/ or PEOSEERHOEH of t he
. resource blocks paired. An exanple of doing this based on correlation of
the resource bl ocks paired is to rank all the resource bl ock pairs
according to their correlation and us® their ranking of each pair as their
values. As an alternative, if the exact correlation of the resource bl ocks
paired i s f@inpavaithalfinebilditdt3icee ofappes orde dursdgidUsck to the center 20
frequency may be used as the value (called a priority value). The cl oser
the pairedzpesmiso®3bb ek that aroctrtieeddnta eortinequetiestiontaigyiggher is the
correlation in general and a |ower potential for 1/0 inbal ance diversity
gain (i.e. ha%idn | Twesarhe isppidsyfovmbbidgs #2\A0d HB1 ) DHBLOEPETI SEX09 1000409
36 The nobile termnals (or users) are then allocated resource bl ocks at
step 406 according to the values. For exanple, a pair of resource bl ocks
with better channel qualities and | ower correlation may be given a higher

val ue and gl LosRkBSOIOTRIMA, CESE-RBIMA Was biee prepuisad STigefa WS |/ O
i nhal ances to 5 naxi m ze the overall system performance.. | nstead of steps

404 and 40f, ;L deiGe Bbmpalisgh Détieen iy sosolira blocktilavgtiohmetiese@ice bl ocks.
For exanple, the resource bl ocks nay be assigned in a symetrical fashion,

clustered o @I\%ﬁ‘@@%@-#%&h% Eariake td RIS, the precaiemtats e&Ek-on
devi ces. FurEt) ernore, clustering one or nore resource blocks on either side

of the symaptipish % inERBLEbhR mulsie cRnigerr328aehch esaistiog df bomdecitve
correspondingly paired to its synmetrical counterpart on the other side of

un ™ AT R e R e e hatimtear e yoes o
gr oupeqe bacs:igger 320 comprises two consecutive RBs. The cluster aliocation to each
mobite terminal is highly dependent on the scheduling policy and the availabiiity
of frequency resources. Using this example, while the two non-contiguous
clusters (one with RBs #1 and #2, another with RBs #5 and #6) are aliocated to
mobile #3, the two contiguous clusters (L.e., RBs #9 to #12) are aliocated to
15 mobile #2. Note that LFDMA is actually a special case of CL-SC-FDMA where
each mobile only has one cluster. When compared with the LFDMA, it is clear
shat CL-SC-FDMA provides a larger degree of uplink scheduling flexibility and
improves the frequency diversity by, for example, allocating clusters of RBs that
are in favorable channel conditions for a mobile terminal over the entire system
o bandwidth. However, CL-SC-FDMA has its shortcomings and one problem is
shat it tends to favor mobile terminals that are closer o the base stations. For

those terminals that are located near the cell edge, the potential frequency

diversity gain may be minimal because of the poor channel condition.




on the systemarchitecture. Specifically, the nobile termnals are divided
into two or nore groups according to which system architecture they use for.
baseband-t o- RF signal conversion. in other words, the grouping is based on
20 how t hg,sSianalssare to be converted for transmi ssi 88ISEINNHESe t hat

i npl ement the [ ow cost Zero-1F architecture and with non-negligible
transmt |/Q inbal ance, they are pl acgg ina "lowcost group”". In contrast,
for those that inplenent the conventional super-heterodyne architecture
with mninmal or even negligible |/O |nbal ance,  t re pl din the

"hi gh- end p§ adgress tmmamﬂwosmmgpoh@%%?fb%%%a%é S@?{gég on the

anal ytical results described earlier, it is clear th@tg’ th s%g%sén

per f or mancgefdibd @ hewreesed greneirsenepih® ArLSaRbHVE" ﬂ‘i’grt% "> as opposed
5 to being degraded, by the transmt |/Q inbalance if the I/ Q based
subcarri er gpajnoiwagn &guwB@WN in equation (7) is considered. Figure 4 also
supports this, show ng that the system performance of the edge subcarriers
is better than that of the centered subcarriers as 11k decreases with the
spaci ng between the paired resource bl ock/ subcarriers. 10 Based on the
exanpl e;of Ackusliep, Mkl syernh bandeitings phridest ielerie PUIATY, ofRROYTERw- cost

group's termnals are assigned with edge clusters cont aiqg(i nq% %f%mmtri C
resource bLaeks 1t jwhidierreent tretivisbugnatrenchiod the 1SEHIEPIPTSHB Fer ni nal s of
the other group. To give further exanples, based on the assunpt.ion that

mobi | es 15 _#l. & hRoter ng of thetrasou row:biasks tapidepYMAEIEaHL? FE™#3%i s in the
hi gh- end gPoup. From Figure 7c, it would be appreciated that ?‘Dbi le #1 is
assi gned WL cae8 &HcySFRuR WicbRiustrates@qwdbegemcﬁ%“ﬁr%b%tﬁg ®EY 316, 318
which are symetric to the center frequency, while nobile #2 is allocated
W th RBs #}i%im‘ba}a%&%s%&cmﬂmﬁfi& davvemed Thy canvirrifequesaodtce group. 20 As
for nobile #3, since the inpact of the transmt |/O inbalance, and hence
the potenti a%wea&ﬂ,ieg?{@x%%s&ékﬁ%ﬁrﬁmg@i Piguies? (sl domesponding ted HCgned wi t h
only t he cé’ﬁ’ efed clusters (RBs #5 to #8) which forns a further resource
group. V\Ds%g%a%igﬁwgﬁgﬁ is not shown in the figure as it is a null subcarrier instead of a

data subcarrier.

Step 404 then assigns a value to each resource block based on its channel
15 quality and/or correlation of the resource blocks paired. An example of doing
this based on correlation of the resource biocks paired is to rank all the
resource 5iock pairs according to their correlation and use their ranking of each
pair as their values. As an alternative, if the exact correlation of the resource
blocks paired is not avaitable, distance of the resource block fo the center
70 frequency may be used as the value (called a priority value). The closer the

paired resource hiock is to the centre frequency, the higher is the correlation in

general and a lower potential for 1/Q imbalance diversity gain (i.e. has a lower

priority value).




PCT/ SG2009/ 000409 38 By allocating the nobile termnals in the above

manner, the | ow cost group nobiles are able to take advantage of the I/Q

“inbal ance within their transmtted signals and produce diversity gain. The
hi gh- end ol WRokLsmi n relatively less affected since truaisc2amarsm tted

- signals contarnnsignificant 1/Q inbalances and 5 they are all ocated

resource blocks closer to the center of symetry - frequencies which woul d

not benefit significantly even if 1/0O3nbal ance was considered. In the

alternative, the resource blocks may be all ocated usi @2 a Q%brig met hod
10i n al | ocahi aipoeé epminkld (ansenare Fun dkansrdesquies Plorks ahe/aP FHb e
frequency band or resource blocks can be divided into twg or nore groups.
Onl'y one ok amAifg s Bepmiuds. Fesexarople, Amairaf IRseaf@d a0 Ag'to the net hod
descri bed above to explore I1/0 inbal ance diversity. Oher %gfi,)ups of
resource blcﬁgrlﬁy gadlitibe aal l@eatadetitiohenanbs given & h;@wﬁﬁi@ ng
conventional cluster based techniques. 15 DernRpoi no nodule At the

recei ving SpsidatodBlbins terhivaisextsiolp Conimupnifiears (RIMAAITEERP devi ce, the
received tinme donmain-signals are processed by the Cyclic Prefix Renoval 20

modul e 252 @%%iz@% SRME EyRemfpeoiornianes.domai n to frequency domain by the
DFT nodul e 4 WO 2010/ 056204 PCT/ SG2009/ 000409

instead of steps 404 and 406, there are also other ways of allocating the
resource blocks. For example, the resource blocks may be assigned ina
symmetrical fashion, clustered or otherwise, to the mobile terminals or

10 communication devices. Furthermore, clustering one or more resource biocks
on either side of the symmetry is immaterial, as'long as each resource block is

correspondingly paired 1o its symmetrical counterpart on the other side of the

symmetry.

15 The resource blocks may be allocated based on the types of groups. To
slaborate, mobiie terminais or communication devices may be grouped based
on the system architecture. Specifically, the mobile termingis are divided into
two or more groups according to which system architecture they use for
baseband-to-RF signal conversion. in other words, the grouping is based on

26 how the signals are to be converted for transmission. For those that implement

the low-cost Zero-IF architecture and with non-negligible transmit [/Q imbalance,

they are placed in a “iow-cost group’. In contrast, for those that implement the

conventional super-heterodyne architecture with minimal or even negligible /Q

imbalance, they are placed in the “high-end group".




39 frequency domain signals occupy the entire frequency band and incl ude
all signals for all the conmmunication devices. In each comrunication

devi ce, the denmappi ng nodul e 256 extracts the 5 frequency donmin signals
bel ongi ng 9 4d:1hEsch@Sour ce bl ock pair allocated to the BpETFPFEI

conmmuni cation device or user. For exanple, and referring to Figure 7c,
nobile # 1's denmappi ng nodul e 256 is configured to extract or only take
signals fromresource block pair 316, 318, whereas nobile #2 is configured
to extract signals on resource block pair as defined by resource bl ocks
3,4,9,10. 10 After the deMapping nodul e 256 has extracted the correspondi ng
signals fromthe allocated resource block pair, the frequency domain
equal i zati on nodul e 258 perforns ual i zation on the sigpals . one subcarrier
by one subcBasgden thesingviipal rﬁﬁ‘tﬁ%"’rﬁ%}ﬁr\?@é eiE“‘f'“”-"l"s’P r ?aértﬁ%tgﬁ? SVSS%'?Lf orm j oi nt
equali zation for 2 or nore subcarriers of éhe resource bl ock Eair. As it
can be appr pefermadse phiget-cogheRHP PSLENRAE W TPTQVEdaat QPRgses
frequency in order to achieve diversity gain. Xi | i elghood det ecti on
(M.D) may bt bejegidégsadaddy)tbe ang@itdQ impelange %ﬁ‘?@';ﬁats? SFOSATF s of
concern, lower conplexity equalization/detection suqh 20 as, various near
MLD or i nt epéiéng s ehavah fedquRtioB 7} i FERSEErS: EISHE ¢St FRAF iR may be
considered. Finally, the equalized signals are converted back to tine

dormmi n by | Efewing that the28Gtem dedettenae o)thaeegastbogpersys bt that e or i gi nal
signals. WD 2010/ 056204 PCT1SG20091000409 40 Nunerical Results The PAPR
and t he aveofite cBEBraf sutivarmigss iasle: 9ePreaseEwithdhe saAFING PRfyreen the

paired resource block/ subcarriers.

10

Rased on the example of cluster allocation being performed in pairs, the low-
cost group’s terminals are assigned with edge clusters containing symmetric
resource blocks, while centered clusters are allocated to the terminals of the
other group. To give further examples, based on the assumption that mobiles
15 #1 and #2 belong to the low-cost group while mobile #3 is in the high-end group.
Erom Figure 7c, it would be appreciated that mobile #1 is assigned with edge
clusters with a resource group having four RBs 316,318 which are symmetric {o
the center frequency, while mobile #2 is aliocated with RBs# 3,4, gand 10,
which is formed by ancther resourte group.
25
As for mobile #3, since the impact of the transmit 1/Q imbalance, and hence the
potential achievable diversity gain, is smalier, it is assignad with only the

centered clusters (RBs #5 to #8) which forms a further resource group.




5 vari ous
Cl ustered
" mappi ng ar

used for &0Sh
o : . :
- the vari ous sﬂsﬁerres In the sinmulation, it

io all ocat

resource bl ock allocation schenes (including OFDVA, LFDVA,

SC-FDVA, and I/ Q based CL- SC-FDMA) based on the resource bl ock

e investigated. Table Il sunmarizes the simnulation paraneters
Lishi ed uplink 3GPP LTE-A system whi ch PEVESB&¥henchmar k

I s assuned that the cluster/RB
ion to the nobile termnal is perforned by the schedul er such
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of the nobile termnals. Table Il Sinpljifjied Sinulation
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o¥1 bandw dt h 20 MHz Channel nodel 3GPP typi.cal .urban
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subcar ners) i
signals and produce diversity gain. The high-end group remain relatively less

affected since their transmitted signals contain insignificant I/Q imbalances and
they are allocated resource blocks closer to the center of symmetry ~

frequencies which would not benefit significantly even if /Q imbalance was

considered.

in the alternative, the resource biocks may be allocated using a hybrid method
in allocation steps 404 and 406. For example, the total available frequency band
or resource blocks can be divided into two or more groups. Only one or more
groups of resources are aliocated according to the method described above fo
explore 1/Q imbalance diversity. Other groups of resource blocks can be

allocated differently, for example using conventional cluster based technigues.

NDemapping module

At the receiving section 250 of, for example a mobile communication device, the
received time domain signals are processed by the Cyclic Prefix Removal

madule 252 and then converted from time domain to frequency domain by the

DFT module 254.

It should be noted that the received time domain signals include signais for all

the communication devices within the communication network and thus, the




Nunber of clusters 2 (20 REBs per cluster), 8 (5 RBs per cluster) WO
2010/ 056204PCT/ SG2009/ 000409 (QPSK, 16QAM Rai sed cosine filter with a

roll Coff factor of 0.5 8 er = 0.3 O =5 (a) Perfect conposite CSI Hk given
in equati Ldddiodsts No channel coding The PAPR char act@/S@009¢804% vari ous
resource bl ock allocation schenes are anal ysed based on their conpl enentary
cunul ative distribution functions (CCDFs), which refer to the probability
that the PAPR is higher than a certai r% hreshol d val ue, PAPRo. Figures 10
and 11 show the CCDFs with and wi thout the inplenentation of a, raised

cosine fil Wﬁ&&nﬂuls@amﬂmtﬁé enige freceepackandedid inpde@ o i mbal ance
based CL- SC- has about 0.5 dB and 0.3 dB gai ns over the CL-SC FDVA for

the 99.9- percents} & RARRRemMcdnGREesand 16QAM are used, respectively.
The results~are consistent with the findings that the PAPR increases with
the nunber of clusters, and there is only a mnimal inpact of the pul se
shaping filter on the PAPR characteristics of LF

P in each communication device, the demapping mohui%ﬁ) exiracts the

s frequency domain signals belonging to the resource block pair allocated to the
specific communication device or user. For example, and referring to Figure 7c,
mobile # 1's demapping module 256 is configured to extract or only take signals
from resource block pair 316, 318, whereas mobile #2 is configured to extract
signals on resource biock pair as defined by resource blocks 3,4,8,10.

10
After the demapping module 256 has extracted the corresponding signals from
the allocated resource block pair, the frequency dornain egqualization module

258 performs equalization on the signals one subcarrier by one subcarrier.

15 Inthe alternative, itis preferred to perform joint equalization for 2 or more
subcarniers of the resource block pair. As it can be appreciated, the two
subcarriers are symmetric to a carrier frequency in order o achieve diversity
gain. Maximum likelinood detection (MLD) may be used for the joint detection. If
complexity of MLD is of concern, lower complexity equalization/detection such

20 as various near MLD or interference canceliation types or iterative algorithms

may be considered.

Finally, the equalized signals are converted back o time domain by IDFT

module 260 and decoded by decoder 262 o obtain the original signals.




WD 2010/ 056204 PCT/ SG2009/ 000409 42 edge in 3GPP LTE-A uplink. In the

simulations, the |/QMD is used for the If 0-based CL-SC FDVA, and the

“conventional MLDis considered in LFDVA, CLSC-FDVA, and OFDVA. It is clear

from Fi gugg, A2ydskal the 1/ O i mbal ance based |/ Q M.D a@RTEGHEY &R gni fi cant

~inmprovenent. This is mainly due to the fact that 5the described enbodi nent
exploits, rather than mtigates, the téansn’i t 1/0 inbal ance. Based on the
above, it can be seen that the transm't 1/0O inbal ance on the transmt
diversity order has a significant inpact on the average BER 10 perfornance
for a single-antenna OFDM system 1In particular, the potential gain of the
transmt |/O inbal ance can be exploited by considering a joint

subcarri erbased nmaxi mum | i kel i hood detector that pairs the receive signal

of the desired subcarrier with the conplex conjugate transpose of its inage
subcarrier. Using the m ni mrum Eucli dean di stance analysis, it is shown that

t he m ni nuiuieridaldtensi® i ncreases with the certain range of the anplitude
m smatch, and a transmt diversity order of at npst 2 can be provided. It
i'S i Mpor t ahe FARFOAR theatverdgaBiBIof the Ptk @VR I & BiSYEFE) ‘f%’/‘%ai nis highly

dependent on the val ues of the anplitude and phase_m Sﬁhﬁ s, the

mul ti path dgegus sairts Blocamtiotdionsehesiest(inhidste YREMA ‘coefficients

bet ween the paired subcarriers. 20 By taki Eﬁﬂsubcarri er pairi n% into

account, t he,diG@HIIEABM/S dndrl/Q-besd-Olr3AsEliALPasei he TBPYHe 1/ 0

i mbal ance may be relaxed. In other words, it is not ,necessa%f/ to fully

conpensat e Bnd Fé@lih\ﬁamigaaddmtbiaébsum@ﬁﬂt%ﬂ]@§ sifulaggs p fﬁfg%%204

3

PCT/ S&2009/00040 o
used for a simplified uplink 3GPP LTE-A system which is used to penchmark
the various schemes. In the simulation, it is assumed that the cluster/RB

10 allocation to the mobile terminal is performed by the scheduler such that the

clusters/RBs chosen are advantageously based on the channe! conditions of

the mobile terminals.

Table 1l

Simplified Simulation Parameters for 3GPP LTE-A Uplink

i Parameter Value
Carrier frequency 7 3.4 GHz
Transmission bandwidth 20 MHz

"

3GPP typical urban area propagation
Channei model

model
Number of subcarriers, N 2048 |
Number of RBs per mobile terminal 40 (480 subcarriers)

2 (20 RBs per cluster), 8 (5 RBs per
Number of ciusters

cluster)

]




their values fall into a certain range that can maxim ze the m ni num

Eucl i dean di stance as derived in Theorem 1l and Corollary 2. The descri bed
enbodi ment shoul d not be construed as !imtative. For exanple, 5 the

descri bed&phostispRpt describes the subcarrier allocat irsH/’Sga00a0 M éPhod but it
woul d be apparent that the nmethod may be inplenented as a device, nore
specifically as an Integrated Grcuit (1C. In this case, the IC may

i nclude a processing unit configured ¢ performthe various nethod steps

di scussed earlier. Further, in Figures 7143%-(0\ wpbit-e—devices—#1] #2 and
#3 are defgpubatort fariat ot her communi cAt@BAKadGR are envi saged, |not just
nmobi | e devices. The descri bed enbodi nent is partic i

! - - a
cel lul ar R apmachitaéSoathee vaviektsad draipgd seppe g %Choulld be
apparent that the described enbodi nent jmay al so be used in other wirel ess
conmmuni cat 'bﬁgcggb\m ks for conmuni cati orfagforebPeée and/or data. 15 The
descri bed{enbodi nent di scusses that thel resource hlock pai netric
to the car ng}sah{éﬁﬁ?%‘tﬁ&r@fo@@nﬁme frequgncy. This may be regarded
"centre" firequency tTo the resource block pairs and nmay not be “ecentre of
the systemzh ”ﬁ‘ti}’ef'e‘i-h{éma%éh,%}though the degctinbed enbodi ment describes a nore
t han one ré\ urce ock pairs but therelmay only be one pair of.resource
bl ock to be—alktec Lgt‘ét tWo conmuni cat | gh=devi ces, for exanple. Injthis
case, it ii$"ese T requi%)red to sel ect whlch of the two or_nore devices are
al | ocat ed li-he r gf-ee—btockpai T TT 1 §(ARdrfecy\emposite CSI . given

2010/ 056204FPCT/ 5252009/ 000409
Others :

in equation (7)

(b) No channel coding

The PAPR charactéristics of various resource block allocation schemes are
analysed based on their complementary cumutiative distribution
< functions (CCDFs), which refer to the probability that the PAPR is higher than a

certain threshold value, PAPR,. Figures 10 and 11 show the CCDFs with and

without the implementation of a raised cosine filter as the pulse shaping filter,
1 ITE e Lapranors o submase-

respectively. The l/Q-imbatance based CL-SC-FDMA has about 0.5 dB

and 0.3 dB gains over the CL-SC-FDMA for the 99.9-percentile PAPR when

10 QPSKand 18QAM are used, respectively. The results are consistent with the

findings that the PAPR increases with the number of clusters, and there is only
a minimal impact of the pulse shaping filter on the PAPR characteristics of

LFDMA.

15 Figure 12 shows average BER performance of a mobile terminal at the cell




44 envi saged that the two or nore communi cation devices share the resource
bl ock pair. For exanple, at one tine, one of the communi cation devices

- makes use of the resource block pair and at another tine, another one
comuni Ca%&ﬂ)xﬂﬁs‘ﬁnﬁe makes use of the resource bl ock panrsGam0MKSs way,
-this ensures"that the 5 comunication devices are allocated a pair of
resource block in order to exploit any I/O inbal ance to achieve diversity
gain. Wilst there has been described 4n the foregoi ng description

enbodi nents of the present invention, it wll be understood % i( ose
ski |l ed ineh@&&ﬁ?ﬁsﬂ@h@»(ubﬁmome@rmsmwata:msn@ﬁy/@rm&thlsit&ﬁgfPf Betai s of
desi gn, construction and/or operation may be nade w thout departing from
scope as clb%isggag,__sd}lﬁgmﬁ Al 16k AbMe: ritiokaii Bod consideteddat-r Ry Aydrem

bandwi dth of "a nultiple access communi cation systemto a plurality of
comuni cat is%lpéﬁfﬂ %ﬁg oFbe. s Besr feonpFigsienty thaf ihe 1R-Wnbrlagcabasedast part
of the syst'em bandwi dth to formresource bl ocks anmongst which there is one
or nore pai s, of 1 %Je%%oy@ﬁiﬁcﬂtQﬁﬂm\@yﬁnmt“ﬁﬁisiamaiaimm@rﬁoéhefﬁ%&@éncy;-
(ii) selectively allocating the one or nore resourcgwblgock mi@;s to one or
respectiyve on : haht dpiofth, enhenthac atiligates) éhve agsm einif nore
t han one retg%ﬁé%cglgg{j%?kﬂg%}??tﬂ z;qrée provided, (iii) assigning the resources
bl ocks of ea%h Eg%source bl ock pair with a value based on at |east one of:
channel qudl F&? "the resource blocks and correlation of the symmetric
resource bl ocks of the resource block pair. A nethod according to claiml1,
wherein the resource blocks conprise a plurality of frequegcy bangs. A

met hod accogdi ng t l.aim 1; wheneahhat tHeetrassoitil€e inbagkes iof ©he one or
nor e resouré%sagl%%Eh%aa;%?{s}%’c%qrr%lp%?sees a contiguous band of frequencies. A

met hod according, to clai r MhgiggifBakthempagovnc ¢hd| seksgd nBERe one or
nor e resourE@‘QHﬁBc‘:ﬁV?ﬂg rga)régfrarp?ai?gse on[g or nore non-contiguous bands of

frequencies, A nethod accordi.n B ste R Rirficuddre the potntianghindes
al | ocat ithg BETQEREEe g?{ea %Pgighée?‘gea&sn%(gﬁed r)Jeesour ce}ﬁbl ock pair based on the

assi gned valny tﬁi transmit 1/Q imbalance can be exploited by considering a joint subcarrier-
based maximum likelihood detector that pairs the receive signal of the desired
subcaf‘rier with the complex conjugate transpose of its image subcarrier. Using
the minimum Euclidean distance analysis, it is shown that the minimum
15 distance increases with the certain range of the amplitude mismaich, and a
transmit diversity order of at most 2 can be provided, It is important to note that,
nowever, the achievable diversity gain is highly dependent on the values of the
amplitude and phase mismatches, the multipath decay profile, and fhe'

correlation of the channel coefiicients between the paired subcarriers.

20

By taking subcarrier pairing into account, the requirements for the RF
transceiver subject to the /Q imbaiance may be relaxed. In other words, it is not

necessary to fully compensate both the amplitude and phase mismatches if




A nmet hod according to claim11, further conprising the step of allocating a
resource block pair fromthe nore than one resource bl ock pairs which is
closer to the edges of the system bandwidth to one of the plurality of
conmuni caty,gRe@e¥k&es whi ch produce signals with greatBET/SG2009/000409

I n- phase/ quadr at ure phase inbal ances (I1/Q inbal ances). MCSLLP 46 758.
10 9 15 10.
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thair values fall into a certain range that can maximize the minimum Euclidean

distance as derived in Theorem 1 and Corollary 2.

The described embodiment should .not be construed as limitative. For example,

s the described embodiment describes the subcarrier allocation as a method but
it woulid be apparent that the method may be implemented as a devi;e, more
specifically as an Integrated Circuit (IC}. In this case, the |C may include a
processing unit configured to perform the various method steps discussed
earlier. Further, in Figures 7(a)-(c), mobile devices #1, #2 and #3 are described

10 but other communication devices are envisaged, not just mobile devices. The
descriped embodiment is particulariy useful in a celiular network, such as a
natwork adopting 3GPP LTE, but it shouid be apparent that the described
embodiment may also be used in other wireless communication networks for
communication of voice and/or data.

15
The described embodiment discusses that the resource biock pairs are
symmetric to the carrier frequency or centre frequency. This may be regarded
as a “centre” frequency to the resource block pairs and may not be ‘centre” of
the system bandwidth.

20
Although the described embodiment describes a more than one resource block
paérs but there may only be one pair of resource biock o be allocated to two
communication devices, for exampie. In this case, it is still required to select

which of the two or more devices are allocated the resource block pair. It is aiso




11. 20 12. 25 13. 14. 30 35 A nmet hod according to claiml,
further conprising, prior to step (i), grouping the plurality of

comuni cati on devi ces based on how their corresponding signals are
converted for tr%nsnission. A nmet hod according to cl gidpsGaodbMdidider
conpr|5|ﬁﬂ)(ﬂ% g%ép of grouping selected ones of the plurality of

communi cation devices as a first group if the corresponding signals are
converted directly from baseband to raadi o frequency; and groupi ng sel ected
ones of the plurality of conmunication devices as a second group if the

cor  espondh g, SLanal 2o KHSH EnAGRUah UaGiossiRpbrd el restye

archi tect nd all'ocating the plurality of resource block pairs based on

the gr OUpb{égﬁ Pg@ ﬁ@té}%&l (%Rro% Rghd Oofé 8f e cothmBniciiel @évicdsheakdsr st group

is alloca ource ock pairs near the edge of the bandwith to be

al located. A nethg t BOafdtAbMBnab@hRURickite: entire
system baHgff F‘? {Fg L@?%/lgr% rbigﬁ @F?ﬁya%t%ﬁqﬁe?ﬁod accr:)rdl ng to any

pr ecedl N0 ayickh Masth T8 oP thd RosBLeAbldok (i PR Wagalkindlesd ras tuses CFDM
5 communication devices are allocated a pair of resource block in order to explott

any I/Q imbalance to achieve diversity gain.

Whilst there has been described in the foregoing description embodiments of
the present invention, it will be understood by those skilied in the technology
10 concerned that many variations in details of design, construction and/or

operation may be made without departing from scope as claimed.




A base station configured to communicate with a plurality of comunication
devi ces according to the nethod of any of clains 1 to 11. A comunieatidns
network configured to conmuni cate according to the nethod of any of clains
1 to 11 during uplink or downlink comrunication. An integrated circuit (1C)
for a nultiple access comruni cati on systsem configured for allocating system
bandwi dt h of the conmunication system the IC conprising: (i) a processing
unit configuamisto divide at |east part of the system bandwi dth to form
resource bl ocks anongst which there is one or nore pairs of the resource

bl ocks symmetric to a carrier frequency, selectively allocate the one or
nore resoutce bhetkhghbfraiotaingrestom Haaspwizith bﬁ/@rrm:nesa gadcetdeorpinuniadtiony of
comuni cati on deyice a urce. bl ock pairs
ore brovided iesr B 3Bl SimunicalB fehtd B R SR s Ratou fe. bi ock
pair wifh a val {iedibdisgdt keasta:tartlcé#ﬁ sysieen bandvatithrio &rmgeadurty blotkd he resource
bl ocks and corre r rce

bl ock pair. B15 ngﬁQis?grh%E g@%g Sk mé %lpa%g%'{h%ere?dq(?fé(érpais stcypw%é’tﬁcsf%%
comuni cati on sggn@ﬁﬁmmamqgured for proceSS|ng signals for a receiver of a
communi cat 1 on dYsaga NSNS AhIELER ARG AR BhnBoPl ural Ly of
conmuni cat i on i cCes 51 € access cormuni i on sy g en1haV|ng a
syst em bandw dtrespettivé eass offhe piuoeﬁitytcﬁe:omymrmat:balddew Iwhbmrm@ merethded t o
formrgsource bl oc [ ' resource
bIocksﬁiymmﬂr|é§%%§%ﬁg95@?%P$% gﬁ@n% 'Oéﬁ @B@ggﬁ g%ﬁ gggkgﬁgﬁg or
respecti ve oneseash resmired ilped manywmj*f a adnﬂbawmom etead vine ®f chalhvea! guality f nore
than one reso”r&?hé)JeQSEEch%&Jcﬁs %dfc [‘?é’tloﬂ%‘i‘ hd &ndh AQVés%ﬁfcetﬂlé)&F%f @k each
resource bl ock pait are assi ue base of :
channel qualltyee¢wt©ébckswurce bl ocks and 15correl ati on of the synnetric
resource blocks of the resource bl ock pair, the comuni cati on devi ce being
allocated a first resource block pair fromthe one or nore resource bl ock
pai rs,15t he2.| C cbmethicsi angomingrto ceésilnghensin the sesduger ocksaompied apluriy
5|gnals whi ch Qﬁ%e (;q% gg the one or nore of the resource block pairs,
the received S|gna A I'ng signals intended for the plurality of
20communi cat i on devi ces; denmap the received signhals to extract signals only
fromthe | oc r I inals signals
for the cganunﬁiggygﬁEﬁ%??ggqggggﬁqéﬁ% H&E&Hﬁ@@%ﬁhgﬁgﬁaks%ﬁ%%cﬂ% ase
stati on conpri gherg raspur@ bledopalisrmgmposed acomtiiioupband of frequencies.

20
4, A method according to claim 1 or 2, wherein the resource blocks in the one or
more resource block pairs comprise one or more non-contiguous bands of

frequencies.

25 5. A method according to claim 1, wherein step (i} includes allocating at least one
of the assigned resource block pair based on the assigned values,

8. A method according fo claim 1, further comprising the step of allocating a
resource block pair from the more than one resource block pairs which is closer
30 to the edges of the system bandwidth to one of the plurality of communication
devices which produce signals with greater in-phase/quadrature phase
imbalances (1/Q imbalances).




17. A communi cation device conprising an | C according to claim 15.
MCSLLP
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7. A method according to claim 1, further comprising, prior to step (i), grouping the
plurality of communication devices based on how their corresponding signals

are converted for transmission.

5 8 A method according to claim 7, further comprising the step of grouping selected
ones of the plurality of communication devices as a first group if the
corresponding signhals are converted directly from baseband to radio frequency;
and grouping selected ones of the plurality of communication devices as a
second group if the corresponding signals are converted based on the super-

10 heterodyne architecture; and allocating the plurality of resource block pairs

hased on the groupings.

S. A method according to claim 7 or 8, wherein the first group is allocated resource
block pairs near the edge of the bandwith to be allocated.

15
10. A method according to any preceding claim, wherein the entire system
bandwidth is divided in step (i).
11. A method according to any preceding claim, wherein the plurality of
20 communication devices uses OFDM for signal transmission.

12. A base station configured to communicate with a plurality of communication

devices according to the method of any of claims 1 to 11.

25 13. A communications network configured to communicate according to the method
of any of claims 1 to 11 during uplink or downlink communication.

14, An integrated circuit {IC) for a multiple access communication system
configured for allocating system bandwidth of the communication system, the IC
30 comprising:
(i) a processing unit configured to divide at least part of the system bandwidth to
form resource blocks amongst which there is one or more pairs of the resource
blocks symmetric to a carrier frequency, selectively allocate the one or more
resource block pairs to one or respective ones of the plurality of communication
35 devices, and wherein if more than one resource block pairs are provided,
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17.
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assign the resources blocks of each resource block pair with a value based on
at least one of. channel quality of the rescurce blocks and correiation of the
symmetric resource blocks of the resource block pair.

An integrated circuit (IC) for a multiple access communication system
configured for processing signals for a receiver of a communication device, the
communication device being one of a plurality of communication devices in a
multiple access communication system having a system bandwidth, at least
part of the system bandwidth being divided to form resource blocks amongst
which there is one or more pairs of resource blocks symmetric to a carrier
frequency which are allocated to one or respective ones of the plurality of
communication devices, wherein if more than one resource block pairs are
provided, the resources blocks of each resource block pair are assigned with a
value based on at least cne of. channel quality of the resource blocks and
correlation of the symmetric resource blocks of the resource block pair, the
communication device heing allocated a first resource block pair from the one
or more resource block pairs, the IC comprising a processing unit configured to
receive the signals which are carried in the one or more of the resource biock
pairs, the received signals including signals intended for the plurality of
communication devices; demap the received signals to extract signals only from
the allocated first resource block pair; and recover originals signals for the

communication device based on the demapped signals.
A base station comprising an iC according to claim 14.

A communication device comprising an {C according to claim 15.



