1 CAPACI TY | NCREASI NG DEVI CES AND METHODS FOR W RELESS COVMUNI CATI ON
Field of the Invention [0001] The invention relates generally to the
field of radio conmunications and in particular to the increasing of
channel capacity in a radi o comunicati ons system Background [0002]
More and nore people are using nobile comruni cati on devices, such as,

for exanpl g | gﬁ ' :

comuni cat ?%%gg lqllrﬁ ﬁg@ Sé F}ﬁgﬁ%&gji E@ﬁﬁ?rﬁ‘?&ﬁhﬂ%ﬁ
speci fication, GPRS and EGPRS E rvices. The standards
for GERAN are mai ntained by the 3GPP (Third CGeneration Partnership
Proj ect) . picfaRANLE: Sndentdnt Of G obal System for Mobil e Communi cations
(GSM. More specifically, GERAN is the radio part of GSM EDGE

t oget her MPOH Threinventiwr telatérmperetillystot the fixhd of sadav icomsnynidabont end &nd

Abis interfaces nd t he.basge .station controllers (A interfaces,
ey cafiaye BRCRrEuRE SRR iR A SRR bl Rl e
calls and packet data fromand to the PSTN and Internet and to and
fromrenote stations, including nobile stations. UMIS (Universal

Mobi | e Tlbad@nemil cati ons Systenm) standards have been adopted in GSM
syst ens, [0002]t Miofddagenerapdoplt 40 MEMAIweHilcoRdniyatieifonai ] cey,isaeh harmer
bandw dt hs and hi gher data rates. RAN is also a part of conbined
UMTS/ GSM Fétabs (zobileabongs, Taeoily fpoviiebutsdisetor dpte qopmaungations. tibdhg' s

net wor ks. ~ & ERLE LT i F Anhi kS ity
i ssue. Si Gn@c@? gr el gmaA%léégShg\rl&ggﬂrrgﬁgﬁgg I\@a%ﬁe% cggé\ﬁg}h%g%{goﬁrﬁi[ %23%&
downl i nk frBlide tdh@arsenmicash@heptanddrd§ Blr)GER AR 4k neittatded b AgeSGPP €Tial
symetri c&l . _For ﬁxanpl e a nobile _station (M5) doing FTP transfer is
likely to r¥io%e arfpsr§hiy ProjeetenCEBANY HdtaRatt it Globak Sxeemy onMakids s
resource - ; i : : -

ot ande a oM Mo A, SRR BE S part B CshPLBORS
to provi degsthervivisk theonetwork Sat gliheths e vatioss Ohe Atatatnd Al lintelbres)

resources wi ll , be necessary.to enable DIM (d transfer de) where
both dat rEPP b5 A SR P UPR AL atte ). LR AN MRS TF Gl 2
Second, ;SR REWABIE K 16 SSMES pRordadalls Gkl padkét @t aivn RNVt IRE PSENS fnd
want voice calls, the new users will not get service unless both UL
and DL relvtsumpaiesndarte andaiffogb| imoth stagibos, einshidingUmateélso statiense o UUN e
wast ed. ne..h h are 2 custQuers iting to ke calls, and
no servic nc\éeﬁsatl)zﬂgr%ﬁ eﬁreger% O%Lm(])‘iaﬁg?s %gﬁtﬁml) \rll\ézarﬂﬁrcgshaé/\‘?a ‘Tegb?“g)pf) 1n
wast ed dugsmMo dystelasOf fopaihirdn@nElatiol O8Rhuidhtich sybeme 'bﬁlpi()?ﬁ% tik

for UEs working in nulti-tinmeslot node to scan nei ghbor cells an
noni t or theeaidiks and Righercdats saten| GFERADDY astda pertfodroembined) EMISGSM

[ 0006] FI% dashows a block diagramof a transmtter 118 and a
receiver G TR a wirel ess communication system For the downli nk,

t he transiid03]eThel Tdlavayg hesugardre gresant &is @oddyat netvorlan dFifse,C glove tratfnd
may be part of a wireles _ﬁlevi ce (renmote station). For the uplink,
the transHerees afff@ﬁﬁ%w phf CAFFILY 15706 sileedherevs 8 bighspderparkoidata
150 may : i i L I

ixed ot oA PR Be HORRLAL Aol Plen b PR I3 LZay DIPEREUE it ore
al so be rmefteymegtrical. &or axdsople aBrotale seioh WREH) Nothe BN edistke iR)kelnto be

access poi.nt . A.wireless deyi.c. e stationar r bile and
may al so et Aelﬁéﬁr é{"dm\fliﬁb?%{ggénqa@ ?tel?éz_g%g ifglr’f, usgrm?qrggssgaatﬁﬁgteaa er
equi pmenteighat WERR feSorRER4 RIBALL raf. 1A MshAlls af teeiBhent ShdTh&dork 8RS to
access termnal, a station, etc. A wreless device may be a cellular

phone, a palfsddadisign giheter &s sroyidenten(iPDR) 4 oa Sviatlesexisvaiexleni data call.
W rel ess nicatio evi ce, a handhel i C a.subscr.i ber uyni.t,
o | ot op SETHRLGRL Bl BEpcESsard B AR T HCIEE 5 RS RRID e PR

dat a processedlls had voe hlVede ande Bf h6e&E€8nlee. 9., formats, encodes,

and interl eaves) data and provi des coded data. A nodul ator 130
[0004] Second, if a network serves a data call while many new users also want voice
calls, the new users will not get service unless both UL and DL resources are

available. Therefore some UL resource could be wasted. On one hand there are



[ 0009] Controllers/processors 140 and 180 direct operation at
transmtter 118 and receiver 150, respectively. Menories 142 and 182
store pro in the formof conputer software a by
transnittg%§%%§&§%§ recei ver 150, respectively. [0010]9€Fg?%%m@ﬁ%gs a
bl ock di agram of a design of receiverpunit 154 and denodul ator 160 at
receiver 150 in FIG 1. Wthin receiver unit 154, a receive chain 440
processes C I i d,

si gnal s, v% gsr‘ghﬁg%ot e &PS agél dgglégc\é ¢ ﬁzi’ge‘? a\ﬂ;ig crﬁgf%ﬂ‘ﬁﬁ%‘qﬁ%?e
perfotin Iwwlmﬂé@l@bmhva‘sueddm worigckarighiogg Ol t er i ng guadr ature

downconver §j et.c., An.apal ag-t i tal, .conver

G or a7 D0 e B B e L b Bt B Blabhenh S e By soanag
and provi desghboldtlls GhEROBkE ShenMuEdh rﬁ&;ecadmueﬁlolﬁ&nér pé&ora@tcdlssues.

- Lade. 8 ral, the A ling rate fad e related to the
synbol rat@ %ﬁﬁ Ely lishpwg ar %in‘ﬁﬁ%faf?’rﬂ ég%%"Sma%qrdrf8 POFEFCINF IR0 2

denodul at af;:di6Q, coﬁnﬁhﬁaﬁf@s@@@&orF04% RBEAIA, T PhemAPEEERL O)F‘Ee S dhe |
and Q sanples from ADC 44 For "exanpl e, pre-processor may renove

direct curdkase staidm), aod fesever 158 rmwéaefnae@lﬁe rseless deyege, (reeme stggrpnj).npert
filter 422[11% éﬂ&r et AP] BSnly £ f{% ol g 9&&% %g%fe“%{?d 9%?‘3& 139 n%y

particul ar uéncy response a
whi ch are Imbepamce”d basxa dtdtion anlchs@taﬂ?oﬂ 1Sgeneée213( mﬁﬁedfstaltlbe that btenmuracmlesQ

sanples to ress es resulting fromthe s | ,hg by, A 42 as
Wil ae | ATBRE e BPAEES oYy At e T e ARBRe BT St €PLBR e Fon,
e.g., fromeRéx BYensasmb ot @m/mAtvﬂrel’@ss avaEsaIPbE Bdtiordat Mobild 4Rl
424 filters the I nput | and les frominput filter 422 based on

anot her f réguékie perrespshde a&ﬁdeep tehiog, wfﬁmle sfatigRde OSY HAIPEEIL \ihi ch
are denot egdGf éq]la WrnRRe a@tidinal F Jeﬁeféreﬁ%galamac%%% tEPndPE dfRheqenied

with finite i mpul se résponse (FIR) Iters, infinite inmpul se response
(11 R) fil twirelessglevics magbs a@f:lhd@mélpn@, pvessonarhi@lﬁalr @qw@nt@?%s@mrsless of

filvers 422,000 #3tamy Bemaalanhod e aA0lOVR 880 RRLLQLIBNGR, o 1

one desi gn, quency response 0 i'xe
frequency lpepomsputafetti | ter 424 is conflgurable [0012] An adjacent

channel erence Cl), det ect recei ves the in

Chanles bk RS Rs5 L G Sh R TN PR e 0GR e
and provi des.,a0rAE] ehitsdies, ah@intteaktd) tdata Aag»rovme oBEd #4041 ahSdulaBy

i ndi cat es mhether or not ACl is present an if present, whether the

AC is duel¥orethemyi gRdtaiee ehdhnerdedkdeier sl arovideor rulaied/ sEnalhe
| ower RF chgafglor Q%qhﬁszﬁ'agrf@ﬁn G%nglﬁh'ﬁmn{ﬂﬁ shi M§K for RO E3 - of

filter 424 may be adjuSted based on CT i ndrca or as descri bed
bel ow, to @&whpheye sgkﬁfodiezpeg (@ clor 1@@@11‘3%}1 Pptaegteal foy elobialt Bealutiond 26

recei ves t@%@%é? ed&\d?ﬁqe QC&?[[K%S‘\ haE Oﬁbédlkz o%r rél%colavﬂie re%?%f

equal i zat i ering r proceSS|ng
on these sﬁgmﬂm&ﬁuﬁmbnenammmeAJﬁmmahwzenﬁdEMERDOBz4&ﬁhmﬁm(¢gpﬁﬁaent a

maxi mum | i kel i hood ence timtor (M.SE) that deter

sequence. o EHoR EHETVE) B I Ky EB a0 EeLEaRS o ahe meded
gi ven a sequencehied is kaadnited siaaph@sn@nd4a channel estimte. [0014]
The d obal System for Mbile Comrunications (GSM is a mndesgread

st andar d i 083 Murregeiveiyi 1581 @8 s aeidL AP C dEGEH1FS @Nﬁl@%ﬂ sigpals from
conbi nat i o, Rl T80 Qla/brﬁ%%nwlt&wueﬁé%q% %)a ﬁ&gzeﬁ B0
FDVA) f

Division Miultiple Access or the purp aring t
spect rum resgereranit@BVRatMbr Receiyep bniall $4/camddioas & .g.filteryn ampbiiespind

frequency QQRI p
comonl y u@%@lqgmﬁagf %1%)3% ecterglfﬁ § lij’hdelé ggﬁ%w&%&? 231%8‘2“165
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and decodes) the demodulated data and provides decoded data. In general, the

processing by demodulator 160 and RX data processor 170 is complementary to the



6 QAM (Quadrature Anplitude Mdul ation) or Mary PSK (Phase Shift

Keyi ng), where M=2", with n being the nunber of bits encoded within a
synbol pe%&%oﬁ@fss% speci fi ed nodul ati on schene. GVBK, bemgz()ﬁ?&%gﬁnt
envel ope binary nodul ati on schenme all owi ng raw transm sSi'on

maxi mum rate of 270.83 kilobits per sgcond (Kbps). [0020] GSMis
efficient for standard voice services. However, high-fidelity audio
and data s i

nr cased HECaRaE 84 Tt 90 Ehd 1R A BRI, BTN ot
services. Md.increase capacity, the General Packet Radi o Servi ce

GPRS nced Data r s fo Evol ut.i on) and .U
Ot oat s RO S st oDy o o, B e PEBLNOA] GEU Disernd
adopt ed i neePMra¥6.respRctifcBO MbmérnanalaniPagkabreRaskron S6dN iC Bie (SRS i S

a non-voice service. It allows information to be sent and received
across a noBIIUET SRR aREdHe LA 0K rapsmigeildBent resives Fouicspesitdlthed

Dat a ( CSD)[gai¢l rakord S%ﬁ§‘%9%lo§§rd’ih (M) deSERIrSRLAYSwlihe s8R

nodul ati on schenes as ows for anentire frame (all eight
time slot scjequuwrdéédt tﬂyelaelshSﬁglh Elelm Wethmitratdion vait 16he rsees cthame

Thus, hi 221 The

st andar dgu%@slggoet%ﬁes%l %@% Rﬁgtﬁ%glt ) rg&a sgl\/%%ﬁ et %(f? %Sl%nals

t he nodul adre dendtythss Ig@zmdti@ob c Rac@mjclfarmobmi;s perfopmbions Siboise 8ﬂﬂBSKcauon
nodul at i on IP P%% (%I near. | evel phase rmduL)atl an th 3n/ 8
rotation, YWHt9%e g aWE?nFi?‘ﬁ‘éCé’PverﬁﬁrﬁrsgtFanABLﬁ“% g%ﬂ&k?é feegtehcy
nmodul at i oncaioyeAeRigithliRs SIREChdd © %ﬁnﬂ'@%hi@tzﬁ QnsaHz?)ﬁ e GBI, Cal be

appr oxi mat ed with a linear nodul ation (i. 2-1 evel phase nbdul ation

w th a n/2reeidat | e Q sermplesyiiieh aﬁuie@@teéfas {irerrd o xinnesneigl. EBRD4Nd
t he synbol
1 equoncy. BRPLRE e (o EibAbaIE e ool 1ty il SRbcE R Fon-pigger |

al | ow Mobi faetost at i ons (MS) to synchronize thel r Local Gscillator (LO

to the Bas i Sin requenc

corr act i ontt o eyl bk ol e D BT R Br PRSR s 10
an all "0"apaQ|seaglesfidnt ABCUAYY Beguanple, prépeocatsbr 22y maﬁ)whmoﬂlmf:t t he
frequency bur st a constant freque naI or a_single_tone
T o O Rt (ot P s fisaiehFbeb i SppOpit Cooah it e
network, thenpi@Mebe §§eaf§rb&@qohwﬁosbgs@at¢mlao?@ﬁ+m15ro&e®ehé}e%h%§% B st
froma Ilst of carriers. Upon detecting a frequency burst, the

will esti rﬁ?éld‘?hlépiﬁtrlé‘aé Enwipiss wiieh pigldanetgdastlp and Qin e 422 fnme&érérncy,
which is 6fc7, anftiis tg%u SEIII%E%SS-I;%I'EME fhdrh the s\ﬁ‘mholé%ﬁy %%f(f g 8d

using this estlma edfreque cy off ower - on
frequency wéH sejamens. tiélt@rs42ﬁmﬂyaé®penﬁ)m@sme rafheonvBrsign) ¢.g., from 24X

s M DS

synchroni zati'on*in°s fne §

of fset is sintphdsnfrdR iKpiz. ﬁl&&O@éL]bd&ttdeﬁmnmbt Iﬁeqmby wésponsk edndpfionidss ar e
enti ona oi ce calls_and ta_call emand

able to provide conyv The

For bot h"t e T gRaeh PR Sopich Gec g et T Gt drory T2 RN Ty
demands OnpRENSHEIERRAR iffntte iMBHWOFKpRREITARP FifeRIRNASS idhlile dgmagd by
increasing their capacity. This is achieved for exanple by dividing

or addi ng CEDIfteanar fkere of atan gesnothe firggencyrasppeis of {ilere H27 ard Eitses
har dware cggt g sé;échédsta%ﬁw{%; ol E26S @%%y;golsh&ﬁ&ﬁ%hégyrewoh&out

undul y increasing war e In parti cul cope
unusual I 'y d)faﬁlg:e%%alﬁxdé,rmd@aﬁnquﬂgynwpomse@ﬁéheM%u&wﬂﬁgulahle

internatio f tch. sers
or subscri ()b s] %%é)gcregt {L%m(il &t erfm?rhce gi) defsef o ﬁéo %CW%\Q% 18p\§?€§g t he
net wor k  at sagpdest firome ﬁlt\t%em alefebts Sor A€ theSt@ivcARY signd]) aﬁﬂaiireddﬁ; an
channel for ni ca a rising a ch fre ncy
and a tine Qfaﬁ'%toa 'q ﬁz(’f eﬁﬁﬁgegi"éﬁa@ “&?é{ri“%ﬁfit?ﬁ w@% 105 81 AbL A ed
present and, if present, whether the ACI is due to the higher RF channel centered at
+200 KHz and/or the lower RF channel centered at —200 KHz. The frequency



9 [0030] In another enbodi ment, the present patent application
conprises an apparatus to produce first and second signals sharing a
channel , GPFRKbSIAE @ plurality of data sources, “hereﬁ¥n%sﬂkﬁﬁﬂ§

of data is generated, at |east one sequence generator havin
plurality of outputs, whereby a plurakity of training sequences is
generated, a plurality of combiners, each having a plurality of

I nput s andreﬁfonkee 8P RN G2 P Wi ?uﬁe acg‘t'sg&? hhhked Jn' {hﬁtA@f uﬁi"i’c'a%r' P Hés?rlbe%
operably connected to one of sal ata sources ‘and a second 0

i nputs is opev.dbbshioerged pethbrinen@ne of sald outputs of said sequence

gener at or, reb ast. o tra|n| 1.1 h
| east one @m ‘?%X%P%ﬁf@gf%gpr %6 ISECYTHS % i"’énp %"&b h et
transmtt eafndhpadfd;hﬁﬁ Q{judtiasiong nrtdhbdl figkifgy d@fecmplah&oaedlelapldc@saﬁﬁg dgine
out put , %r eby the transmtter nodul ator mpdul ates sai d conbi ned

dat a usi ng&er HYNeScaF P BrANN e fIEHETT AR 15 SRy timpemenbe Eigmum
outputs a mieﬁh@dd dequ@e @aﬁﬁuﬁt(@qtssa)qraﬁl&tenh&@s”:é]seduen&rb@tspﬁbo:s that s
enbodi nent resent patent application conprises a base station
conpri si nglnaStddﬁﬁ’g'rtﬂ have Yeeodesguited giveart saanence f dupldeRexmples taoh a
operably cgppegt. g" o the base station antenna, a receiver front end
operably connected to the dupl exer switch, a receiver denopdul ator
oper abl y cl@fibdcTredGlabakt I‘Sestemcbr idobifer Qommemdatiensc (G3viglis dewaldgreaind
de-interl egver o rﬁw gnect ed tott hecisﬁ\ﬁelv er deno uI tor ind t he
cont rol | er S HgEL &SP aavﬁrﬁ S EPETTYHOBn FOr FBP PR ESP

connect ed mﬁnidleM@m@ter@&de@r(ngp@ﬁiqrreq@n@pld%l@fmk@k@etéces%\(sDMA)
oper abl y crgﬁgwct ed to the controller processor, a transmtter

modul at or AYRPsE Ofradnee SRECHWE resoHIse: QP teRtasks yaigaly, opgrate in a
transnitt efydiedr SofkeABdYdRIsOPES @Pellﬂpiéomexﬁﬂlﬁg ReVRRAESRT sM-900

transmtter nodul ator and the dupl exer swtch, a data bus operably
connect ed EIRAEEY USRI E re@nﬁpmtﬂuérlnﬁh@&%)swrMéhdaanﬁe(h@m $édtiod de Bser

dd t d
and de- SR SENEE SuhD,TRESIVARLESTRRIGY, 8 0SB SR
stored in bands fh;am)styt;omﬂoen@nh gdmen)mﬁm}yemmmawh;mqmncy east 1s@1mxedetdabl e

of data, wher e dat rlses val u araneter f

| east one & S{))(? kHérF@iTéer 5;3 pre‘éffiﬁlgsﬁ%f ﬂ[:rcz‘flﬁleﬁfgs@éﬁ{l%g@ ?@a-e
( cor r espondsrg] 400 uaeqtthauxﬁmwmeﬂﬂen@ﬁ)q foviak U mndui%r@l@dmmwam@r :
and val ues_of channel freg:rﬁen;:?ég) 100321 Further scope of the

appl i cabi | fof yhegfoveigl plike hif™Medn € vidlsp Hiea8Btd- 00 |spesdisgnior both
appar cnt flmm{[a}ﬁ@ Jo‘?«)n'hﬁk‘hﬁlg ﬁ@tlﬁﬂ @fhcd&tﬁ%r gL AR esC ! ﬁhﬁ%ﬂY afgm-850

dr awi ngs. wever, it should be understood that the de
descri pti owearibe SaedH? i MHaxbands dar thehuplenki aedl E&Pi%A4 MH@f@mded’or the

2000/ 036360PCHTUSIBRT B 6410 18 i PIMEMABAHTNRR ol setimeand J50s-

changes anB&Godit baalk fortke dovrtiink. t he spirit and scope of the

i nvention w econe_appar to, t S¢ skilled in the art. BRI EF
DESCRI PTI cﬁ@hg’i ‘%&E%ﬁ}ﬂﬁ? d%é‘ie“gﬁ pe meg%c plutt 1@dignfgequency
advant ageschafind] entifistEt d10AbsMutd RREES BrRueRy ChapRaNafbef JrXREMe. For
detail ed descr kgtl on_set forth bel ow when taken in conjunction with

the acconp@fffiPify AREEN hgs! 24 008%EmrY (R B rhansheof£SBUGER WhilyABREDT a
transmi ttes;sang]Pak G6E8 o tHeQARRER M%fl%%@og‘émﬁarl?' RRkCH g ag9)0f a

receiver unit and a denodul ator. [0036] Fi gure 3 shows exanple frane
and burst #reeseansditp tesrnf0d 7GEVgile whils RSN A1 2x Bi¥plaes spigoed tom i n

2, oM oyt Sl AORRIAOUT 80P ARo2 St IRL L6 (L SRASSRUNALL BB OLufler

cel l ul ar conmuni cat1ons system WS an arra
of cells V\Enecp]hncaa:seEpcaxrdanm‘r fa:quxmlcywdamdsqmit@aght[tﬁﬁmm)@(ghmbaﬁ lslttﬂmis an

exanpl e ar t t sl ot a tine. | vision multiple_access
CTovk) conATE NP Bt rfinB iR Gl b8t FosRactiin Himseabest 685 o
one TDMA frame with a duration of 4.615 ms. A physical channel occupies one time

slot within a TDMA frame. Each active wircless device/user is assigned onc or more



comuni cation systemto produce first and second signals sharing a
si ngl e channel ; [0042] Figure 8B shows an apparatus for operating in a

mul tiple qp@g&gmgggnunlcatlon systemto produce first ?egﬂﬁﬁﬁgﬂﬂﬂz
signals sharing a single channel and using a conbiner to conbine

first and second nodul ated signals; [@043]Figure 9 of the _
acconpanying drawings is a flowchart di scl osing a nethod for using

t he appar ag\is sehQWked for @r[ydu {2105'095’ 8P Oser- %gec%rﬁ)c}%a o e& &9 Hquﬁé/ Ing

drawi ngs; [0044] Fi gure 10A shows an exanp ment ere
met hod des@rseijad theytikg glm(@ a@signdl td tlnaesm@@ss devtideeandas & DB Atfranres used

controller 10B is a flowhart disclosing the steps
execut ed bfor%}(%q 42%{%@8 t4tion controller of Fi gure 10A; [0046] Fi gure

11 shows & OBaS]eEz&hatrn@Eﬁot Iﬁ/itﬁﬁ‘@ﬁ@faﬁlellb lugst foatttdﬁgnith% Rl Ws@fofsda?ﬁﬂi S
in a base [ ure 1 exanpl e arrangenents for

dat a storaéé%\nsf’mﬁ 58 rFB @H%éé’%?ﬁ%ﬁﬁ ERY RF g ngsshgeesablyn £acha
base st at i QstGRAOhded ke fail BRR) @S dada GEHS, l&'t@a’imﬁ%&'@?ﬂd&lc@%ﬂrﬁﬁaﬁﬂl@} foy, 11
[0048] Figure 13 shows an exanple receiver architecture for a renot e

stati on ha¥idndy2eaid e GRat Theawatber plsymbedeinteape finldds almwampldc gheus;
SRR R R T f Rt e
di scl osi ngsmﬂmlmepmﬁ ax e \guat Iwheah TMAgrarte of anpltionncariyr fréqicniyng
sequences gl numgergcri S f%rmg(rle 1%1@(911p§g9 2&BP s"’}rﬁSM% frames called multi-frames.
[0017] FIG. 3 shows example frame and burst formats in GSM. The timeline for
transmission is divided into multiframes. For traffic channels used to send user-
specific data, each multiframe in this example includes 26 TDMA frames, which are
labeled as TDMA frames O through 25. The traffic channels are sent in TDMA
frames O through 11 and TDMA frames 13 through 24 of each multiframe. A control
channel is sent in TDMA frame 12. No data is sent in idle TDMA frame 25, which is
used by the wireless devices to make measurements for neighbor base stations.
[0018] FIG. 4 shows an example spectrum in a GSM system. In this example, five
RF modulated signals are transmitted on five RF channels that are spaced apart by
200 KHz. The RF channel of interest is shown with a center frequency of 0 Hz. The
two adjacent RF channels have center frequencies that are +200 KHz and -200 KHz
from the center frequency of the desired RF channel. The next two nearest RF
channels (which are referred to as blockers or non-adjacent RF channels) have center
frequencies that are +400 KHz and — 400 KHz from the center frequency of the
desired RF channel. There may be other RF channels in the spectrum, which are not
shown in FIG. 3 for simplicity. In GSM, an RF modulated signal is generated with a

symbol rate of f  =13000/40=270.8 kilo symbols/second (Ksps) and has a -3 dB

Spm

bandwidth of up to =135 KHz. The RF modulated signals on adjacent RF channels
may thus overlap one another at the edges, as shown in FIG. 4.

[0019] One or more modulation schemes are used in GSM to communicate
information such as voice, data, and/or control information. Examples of the

modulation schemes may include GMSK (Gaussian Minimum Shift Keying), M-ary



[0051] Figure 16 shows a base station with software stored in nenory
whi ch may execute the nethods disclosed in this patent appl I cation;

[ 0052] Fi g4@ 2ded/0538Y ai ns a test result summary for 1%k ‘é#!ﬁ%}%%su
pairing | egacy training sequences wi th training sequences 0

QCOW7 set of TSCs; [0053] Figure 18 cogtains a test result sumary for
1% FER when pairing | egacy TSCs with TSCs 100541Figure 19 is a

per f or manc (&Q&{ﬁ

[ 0055] Fi gu?%gbﬁémggéegrﬁgrllﬁl%ﬁce %%ﬁmher\rll% ri ng(\(%%%ﬁ]%&eymggh
| egacy TSCthere M5 6] vty being the rsmabepef bitr srmoded itton awhebolpeiiod lfcg a
QCOWr TSC2_ i, Figure 22 is f or mance
when pai ri g @)\Wg%\f‘% C%hmq‘ eg‘%g}%ﬂ'g(f% COH%%%T’%P&J[’@‘”%”’IO ﬁ&&“
per f or mancehghotllowiag rpaittahsig sq@eOMA heGhun tdie bRYACSA HiRG#hs per second

[ 0059] Fi g 4 is a performance plot when pairing QCOW TSC5 with
| egacy Tscéﬁ’ ‘0060] Figure 25 is a performance plot when pairing

QCOWr TSCo(0026]NGS M08 G¥fici&feor standard voice services. However, high-fidelity audio
and data services desire higher data throughput rates due to increased demand on
capacity to transfer both voice and data services. To increase capacity, the General
Packet Radio Service (GPRS), EDGE (Enhanced Data rates for GSM Evolution) and
UMTS (Universal Mobile Telecommunications System) standards have been adopted
in GSM systems.

[0021] General Packet Radio Service (GPRS) is a non-voice service. It allows
information to be sent and received across a mobile telephone network. It
supplements Circuit Switched Data (CSD) and Short Message Service (SMS). GPRS
employs the same modulation schemes as GSM. GPRS allows for an entire frame (all
eight time slots) to be used by a single mobile station at the same time. Thus, higher
data throughput rates are achievable.

[6022] The EDGE standard uses both the GMSK modulation and 8-PSK modulation.
Also, the modulation type can be changed from burst to burst. 8-PSK modulation in
EDGE is a linear, 8-level phase modulation with 3x/8 rotation, while GMSK is a non-
linear, Gaussian-pulse-shaped frequency modulation. However, the specific GMSK
modulation used in GSM can be approximated with a linear modulation (i.e., 2-level
phase modulation with a n/2 rotation). The symbol pulse of the approximated GMSK
and the symbol pulse of 8-PSK are identical.

[0023] In GSM/EDGE, frequency bursts (FB) are sent regularly by the Base Station
(BS) to allow Mobile Stations (MS) to synchronize their Local Oscillator (LO) to the
Base Station LO, using frequency offset estimation and correction. These bursts
comprise a single tone, which corresponds to an all “0” payload and training
sequence. The all zero payload of the frequency burst is a constant frequency signal,
or a single tonc burst. When in power-on or camp-on mode or when first accessing the
network, the remote station hunts continuously for a frequency burst from a list of
carriers. Upon detecting a frequency burst, the MS will estimate the frequency offset

relative to its nominal frequency, which is 67.7 KHz from the carrier. The MS LO



[0061] Figure 26 is a performance plot when pairing QCOM TSC7 with
| egacy TSC7; [0062]Figure 27 is a performance plot when pairing

QCOMB TS | acy TSCO [0063]Figure 28 is a perf
when pai ?iqf%\’z&%\ﬁ/g@mq with | egacy TSCl: 12 10064] Fi SE?@Q@ES’%%

performance plot when pairing QCOMB TSC2 with | egacy TSCZ;
[ 0065] Figure 30 is a performance pl ot when pairing QCOMB TSC3 with

cEBe TS0t IELE AR 04 LR terarRLe ) 1 PRI R,

when pai r i ingUQEIVETSTSES baias muck gacy- 1780, Thi 00%8]IFpgiodeaBBwake @ to

Po ot el RERSRS) i S R et bl Rl e

| egacy TSGiindby mode, the frequency offset is within +£2 KHz.
[0024] Modern mobile cellular telephones are able to provide conventional voice calls
and data calls. The demand for both types of calls continues to increase, placing
increasing demands on network capacity. Network operators address this demand by
mmcreasing their capacity. This is achieved for example by dividing or adding cells
and hence adding more base stations, which increases hardware costs. It is desirable
to increase network capacity without unduly increasing hardware costs, in particular
to cope with unusually large peak demand during major events such as an
international football match or a major festival, in which many users or subscribers
who are located within a small area wish to access the network at one time. When a
first remote station is allocated a channel for communication (a channel comprising a
channel frequency and a time slot), a second remote station can only use the allocated
channel after the first remote station has finished using the channel. Maximum cell
capacity is reached when all the allocated channel frequencies are used in the cell and
all available time slots are either in use or allocated. This means that any additional
remote station user will not be able to get service. In reality, another capacity limit
exists due to co-channel interferences (CCI) and adjacent channel interferences (ACIT)
introduced by high frequency re-use pattern and high capacity loading (such as 80%
of timeslots and channel frequencies).
[0025] Network operators have addressed this problem in a number of ways, all of
which require added resources and added cost. For example, one approach is to
divide cells into sectors by using sectored, or directional, antenna arrays. Each sector
can provide communications for a subset of remote stations within the cell and the
interference between remote stations in different sectors is less than if the cell were
not divided into sectors and all the remote stations were in the same cell. Another
approach is to divide cells into smaller cells, each new smaller cell having a base
station. Both these approaches arc expensive to implement due to added network
equipment. In addition, adding cells or dividing cells into several smaller cells can
result in remote stations within one cell experiencing more CCI and ACI interference

from neighboring cells because the distance between cells is reduced.



[0070] Figure 35 is a flowhart conprising steps taken by a base
station to identify MJROS-capability in a renote station; and

[0071] Fi gu;8 280863s2 Tl owchart conprising steps taken k? @I 376312
training sequence Information to a renote station. (BB

DESCRI PTI ON [0072] The detail ed descrigption set fort h below in
connection wth the appended drawings is intended as a description of
exenpl ary enbodi nents of the present invention and is not intended to
represent the only enbodinents in which the present invention can be
practi ced. The term exerr;SIl&tIMARﬁéétF THEdlD@FENTI(DNi s description
means "ser S, ex nst an 0 stratian,"” .and shoul d
not necess rlﬁyﬁbefgl onsﬁcﬁr@gﬁ t@ BFeé?IgrpFltgﬂ{ 18%\?3&95’68693? Boeraiither
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t he purpose o rovi d| a t hor ou nder st andi n% of the present

i nventi on. H%%Eé?““ei:t? Weelbéheaffg’gPﬁ?ﬁPfP%FS%Cﬁc%é Bk Memedys i whergie the ¢
that the peReenér prBXSRri @MnTRYCaRE VB B tdatblis W f et mEﬁ@@%u%%fe‘rrf b
details. In some instances, well known structures and dévices are
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per f ormance ( DARP) tg des%;l?bse ?ﬁ%ﬁ%ﬁ%%ﬁ?ﬁ%ﬁ@a‘éﬁ%%?@gél St r?SEn&WS]
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Fur t her nor r
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equal i zerﬂgi? 2‘2%@{64 5 %g pEZIE]é’VME.%\rtEsen tﬁ%@?ﬁ& gtl&l gR 4 ss“% g?t%gﬂgfrg%mg
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Equal i zer/.det 26 _i.n Figur provi des denodul ated data. CCl
cancel | ati g%sﬁ%%g ﬁonebaﬁ?/g Oélg]llé‘ on a BS. Also, renote stations may

[0029] In another embodiment, a cross-correlation ratio between the different training

sequence code and the cxisting connection’s training sequence code is low.



[0081] In cellular nobile comuni cations systens, radi o resources are
divided into a nunber of channels. Each active connection (for

exanpl e aw@hfksosads ) 1S allocated a particular channe}i P gioﬂgnﬁl
particul ar channel frequency for the downlink signal g’? ransnlgted
by the base station 110, 111, 114 to g renote station 123 - 127 and
received by the renote station 123 - 127) and a channel having a

particul ar L I: 1 y
Phe. romot o ot an§3gHIRGtent e RASEEBNT P A6 shbRRs M bl
recei ved by priraichfisst agd agdoodh sighds sliatibg alchdhnel, Thoeptisiegugiaubly dfaata
downl i nk a%glmtéglviv}% SN nﬁl Si arﬁdc,)%]te‘n di ffgr ent, 1o al | ow )

si mul t aneoUs transii 3st SRTEHY O sEEoP SHCARE Poor L I8 SIUNET FEIEEHYe
bet ween t riangiga gledlisigoalpatsantertiien plaegitVetrasiignaggarts khendadtae
station or ]12ﬁ - f127 at the é)%se, statjon 110, 111, 114. [0082] A

met hod f orP!Wa[ 1y plaforaliagregach haging 4 pralice a5 dnmuls #aghyt Igas ramejayitput,
frequency Kgwsig a firkids8idGn@lts IsNpeASHAUTRAYIING o B A198a18 ROWEesPRd a
arrangenment of cells in a cellular communications systemthat uses
frequency Seeemsleof syidh igpyaris prarbly cencastpd éo bressofasafetisputs af sadd sofuercel 2,
whi ch repr |53 ' : / he, 12
frequenci e%ﬁgﬂ\%??’l vglgafe faﬁﬁea%%gggrgﬂg@% Jl‘%ﬁcea%g&épg%gg }ééh? %)St {)%eed%%%’e
station's froduce si icess ohabehkided\data, Bnil kltussmintedodudatét Bvifg a Haeikitysift e
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frequency TRUBArbALTEY Y St Shefife e Sl wRLTupT Enntfivis A
sites so tdoatbimll deed usih@ alfrssesbior Srefi@nsLahOnLSirst kiR JIGr arll SithRS)a
have differen{. fr%gﬁegci es. The frequency reuse pattern repeats
itsel f af tRVAHOTOGRRIRISEORS- FIG 6 illustrates the system s cell
repeat pat[p8s1) 12 AotHEREABYINRAE ehSiradchOtchi tel ! se
station 1114 bg_l ongs to celll B, b%e sﬂglti o%ﬁf@%ﬁ?ﬁéé&&uaiﬁ?&% and
so on. Bas®MyYisnEGrrontrolidspsocgssen rapiantenag, aglupkact $ydtch wperblypenydctdd

adj acent VA | i gns, 111 and
114 eopecti e e HEAR ot Edie iy SonP O B6ERY B0 R I BTy TuEn
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signal s befween cells ach cell . is allocated a set of annel
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while indicating preferred embodiments of the invention, are given by way of



[ 00901 Referring again to Figure 5, at renpote station 124,
transm ssions from base station 110 for renote station 125 can

interferew s ssions from base station 114 for i on
MO plbohis RETTRf ey

124 (the e interfering signal shown by dashed ar
Simlarly, at renote station 125 trangj ssions from base station 114
for renote station 124 can interfere with transm ssions from base

station 1 . t tatd ( of the interferin
si gnal shé@ﬁgtg{}?}o{ﬁgpﬁ égnger fag%ﬂgg%ges%@ﬁ%a@%&g at ‘lﬁgﬁmtt?%ls i disgo % he
si gnal Renditke sivaritioorwill be@ee appagnttth éhosé gilddd ichiamel f requency of the

signal Renote station 2 for which the signal is Downlink tinme slot
(TS) of the signal Training sequence code (TSC) of the signal

Recei ved power |evel @HRIFFDESCRIPTION OF PHIBPRASAENGDIY 1

i nt ended . . . .
[0033] The features, objects and advantages of the invention will become more

apparent from the detailed description set forth below when taken in conjunction with
the accompanying drawings.

[0034] Figure 1 shows a block diagram of a transmitter and a receiver.

[0035] Figure 2 shows a block diagram of a receiver unit and a demodulator.
[0036] Figure 3 shows example frame and burst formats in GSM.

[0037] Figure 4 shows an example spectrum in a GSM system.

[0038]  Figure 5 is a simplified representation of a cellular communications
system,;

[0039} Figure 6 shows an arrangement of cells which are part of a cellular system;
(0040} Figure 7 shows an example arrangement of time slots for a time division
multiple access (TDMA) communications system;

[0041] Figure 8A shows an apparatus for operating in a multiple access
communication system to produce first and second signals sharing a single channel;
[0042] Figure 8B shows an apparatus for operating in a multiple access
communication system to produce first and second signals sharing a single channel
and using a combiner to combine first and second modulated signals;

[0043] Figure 9 of the accompanying drawings is a flowchart disclosing a method
for using the apparatus shown in any of Figures 8, 10 or 11 of the accompanying
drawings;

[0044] Figure 10A shows an example embodiment wherein the method described
by Figure 9 would reside in the base station controller;

[0045] Figure 10B is a flowchart disclosing the steps executed by the base station
controller of Figure 10A,;

[0046] Figure 11 shows a base station in aspects illustrating the flow of signals in
a basc station;

[0047] Figure 12 shows example arrangements for data storage within a memory
subsystem which might reside within a base station controller (BSC) of a cellular

communication systcm.
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[0048] Figure 13 shows an example receiver architecture for a remote station
having the DARP feature of the present method and apparatus;

[0049] Figure 14 shows part of a GSM system adapted to assign the same channel
to two remote stations,

[0050] Figure 15 shows a flowchart disclosing the steps executed when using the
complimentary training sequences of the present method and apparatus;

{0051] Figure 16 shows a base station with software stored in memory which may
execute the methods disclosed in this patent application,

[0052] Figure 17 contains a test result summary for 1% FER when pairing legacy
training sequences with training sequences of the QCOM7 set of TSCs;

10053] Figure 18 contains a test result summary for 1% FER when pairing legacy

TSCs with QCOMS TSCs;

[0054] Figure 19 is a performance plot when pairing QCOM7 TSCO with legacy
TSCO;

[0055] Figure 20 is a performance plot when pairing QCOM7 TSC1 with legacy
TSCI,

[0056] Figure 21 is a performance plot when pairing QCOM7 TSC2 with legacy
TSC2;

[0057] Figure 22 is a performance plot when pairing QCOM7 TSC3 with legacy
TSC3,

[0058] Figure 23 is a performance plot when pairing QCOM7 TSC4 with legacy
TSC4,

[0059] Figure 24 is a performance plot when pairing QCOM7 TSC5 with legacy
TSCS;

[0060] Figure 25 is a performance plot when pairing QCOM?7 TSC6 with legacy
TSC6,

[0061] Figure 26 is a performance plot when pairing QCOM7 TSC7 with legacy
TSC7,

[0062] Figure 27 is a performance plot when pairing QCOMS TSCO with legacy
TSCO,
[0063] Figure 28 is a performance plot when pairing QCOMS TSC1 with legacy
TSCI,
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[0064] Figure 29 is a performance plot when pairing QCOMS8 TSC2 with legacy

TSCZ,

[0065] Figure 30 1s a performance plot when pairing QCOMS8 TSC3 with legacy
TSC3;

[0066] Figure 31 is a performance plot when pairing QCOMS8 TSC4 with legacy
TSC4,

[0067] Figure 32 is a performance plot when pairing QCOMS8 TSC5 with legacy
TSC35;

[0068] Figure 33 is a performance plot when pairing QCOMS8 TSC6 with legacy
TSC6; and

[0069] Figure 34 is a performance plot when pairing QCOMS TSC7 with legacy
TSC7;

{0070] Figure 35 is a flowchart comprising steps taken by a base station to
identify MUROS-capability in a remote station; and
[0071] Figure 36 is a flowchart comprising steps taken to signal training sequence

information to a remote station.

DETAILED DESCRIPTION

[0072] The detailed description set forth below in connection with the appended
drawings is intended as a description of exemplary embodiments of the present
invention and is not intended to represent the only embodiments in which the present
invention can be practiced. The term "exemplary” used throughout this description
means "serving as an example, instance, or illustration," and should not necessarily be
construed as preferred or advantageous over other embodiments. The detailed
description includes specific details for the purpose of providing a thorough
understanding of the present invention. However, it will be apparent to those skilled
in the art that the present invention may be practiced without these specific details. In
some instances, well known structures and devices are shown in block diagram form
in order to avoid obscuring the concepts of the present invention.

[0073] Interference duc to other users limits the performance of wircless networks.
This interference can take the form of either interference from neighboring cells on
the same frequency, known as CCI, discussed above, or neighboring frequencies on

the same cell, known as ACI, also discussed above.



114 125 32 124 3 TSC 3 -79dBm Interferer 7 110 125 32 125 3 TSC 1
-80dBm Wanted 19 [0091] Table 1 shows exanpl e val ues of paraneters

for si gnagg)%dgﬁﬁl%gggtted by the two base stations 110 a{;‘g.r%%z%qsé%yp%zl

i1l ustrat gure 6. The information in rows 3 and
show that for renpte station 124 both,a wanted signal froma first
base station 114 and an unwanted interferer signal froma second base

station 1 . ntended -for. renpte stati 5 are, receij d~and .t he
Pvo 1 oner VRS SREEE et BINL S FhAb RMICER I SRR S fREal |
(- 82dBm andtcrBikdBim(CEBpedhe \B&t Phrtndsship [Pasikst, (GOPR) ik oramdbndizsed i SAICOWS

6 and 7 show. that f renpte station 125 both want signal . from
t he second gﬁar@?ag%ﬁ ‘ifomﬁﬁagéﬂﬁedumbéﬂl t?{?eé?qcé'r gﬂ‘eécg‘%af‘dqp?e&m
the first RRssinEhLdahes bddva e fbiiaeRd@A KD o HATRBENS k&biveNthidfppRcse

received and the two received signals have the sane channel and
simlar po¥lC:-|evels (-80dBm and -79dBm respectively).

[0075] DARP increases network capacity by employing lower reuse factors.
Furthermore, it suppresses interference at the same time. DARP operates at the
baseband part of a receiver of a remote station. It suppresses adjacent-channel and
co-channel interference that differ from general noise. DARP is available in
previously defined GSM standards (since Rel-6 in 2004) as a release-independent
feature, and is an integral part of Rel-6 and later specs. The following is a description
of two DARP methods. The first is the joint detection/demodulation (JD) method. JD
uses knowledge of the GSM signal structure in adjacent cells in synchronous mobile
networks to demodulate one of several interference signals in addition to the desired
signal. JD’s ability to retrieve interference signals allows the suppression of specific
adjacent-channel interferers. In addition to demodulating GMSK signals, JD also can
be used to demodulate EDGE signals. Blind interferer cancellation (BIC) is another
method used in DARP to demodulate the GMSK signal. With BIC, the receiver has
no knowledge of the structure of any interfering signals that may be received at the
same time that the desired signal is received. Since the receiver is effectively “blind”
to any adjacent-channel interferers, the method attempts to suppress the interfering
component as a whole. The GMSK signal is demodulated from the wanted carrier by
the BIC method. BIC is most effective when used for GMSK-modulated speech and
data services and can be used in asynchronous networks.

[0076] A DARP capable remote station equalizer/detector 426 of the present method
and apparatus also performs CCI cancellation prior to equalization, detection, ete.
Equalizer/detector 426 in Figure 2 provides demodulated data. CCI cancellation
normally is available on a BS. Also, remote stations may or may not be DARP
capable. The network may determine whether a remote station is DARP capable or
not at the resource assignment stage, a starting point of a call, for a GSM remote
station {¢.g. mobile station).

[0077] It is desirable to increase the number of active connections to remote stations

that can be handled by a basc station. Figurc 5 of the accompanying drawings shows



[ 0092] Each renote station 124, 125 thus receives both a wanted
signal and an unwanted interferer signal that have simlar power
Ievels fr t base stations 114, 110, on the s

(1.e. consgﬁg%%éﬁégﬂsly) Because the two signals arrlgg¥%ﬁﬂﬁﬂg%ggne
channel and simlar power levels, they,interfere with each other.
This may cause errors in denDduIation and decodi ng of the manted

si gnal . f |nter .erence di bove
[0093] The SEinE nEERARubT of & SARADFomu el Gl B 0P SPRCDARR

ext ent thaﬂmgnsmnmushmn@mssobnezmbylnbﬁduﬁmﬁaﬁmﬂﬁRﬁzamabjEﬁ N Baraxide

stations 1 127, .base. s i 0, 111, 114 and base station
control | er @15]31 ase §18BOT GRAIP erbéggtos{l t4ehigaoYte Glengls {0 andifiom e djfferent

capabl e of reiobauéthineaus|-yi2reaRicY ROcahndl EHRBEW §itdhshel MAHEL1ShaRpE]
signal s having simlar power |evels, DARP allows renbte stations 123

- 127 to hERemobie %&h@géﬁmmﬁﬁl 5% sprnesisa i ipublic sprifcedmfgphone
bi |t | t
Cnbenna | METRSTIR | EXARRRER K RE A Bhs P Rl20 A ORoRD LRAIE

known as duoabileatevennamanptiierd eirelsedcyans aid wirdless deHedsCrpalil OO dTye
receiver stat 2 7 may denodul ate a
want ed S|g%§?d&£§ﬁg%&%q§%enwdq%e %é%n8 §%%a si gnal even when
t he anpli t [@028]Fighaecarstn vcecexumpanmeb 682 @ﬂ‘&ameﬂerrsd t@taker Sachiofithear

or higher than the agggitg?ﬂﬁﬁf t he wanted si gnal . The DARP feature
wor ks bet t SR IOP Rgetbergemelresiationg il g 184 e agtRe el Ye daw s
are siml agtauoﬁhéomrsnérthmm WRddrthe )é@ﬁt?cﬁ'df%h@%b"éﬂe 'sﬁht@rﬁhé tidis S¥$L ens
such as GSM not yet enploying the present method and apparatus, when
each of twbZ évistratiselntsigmls capging, mear@@l@,hvce@ndm@reamanﬁgrrw bdtween

di fferent t C

where t he %‘gg N Pﬂ%ggg‘g’éf#ag%“%?% b and ddter dé’?m““ﬁ’g‘fa“%l 1%“@%%? 89%%{%
renot e st atdmonui@@ions N@Forks giaghapubdic swit0@d5¢lephone notverkstédt iTha piRs: -

vant ea- si AT PO GTIRERAE oM ERLOHVER b bl SPeteot FTaRD Rl

anpl i t ude, sy@irenpmﬂ?and ethei poﬂlm@n’caﬁdma@stehs asihi dthidtesygemb NecIvaNb@ ek

signal. In one e be | owe | east 8dB. The .

DARP- capabP8ifs eﬁ%ﬁgp §P%‘E1}u81’?ati‘32/‘§ SystgBy IQBrPft‘ﬁ’%?r@Fto%eSt Bidesmfamingiech
hi gher - anphirbpedestg@agiannel signal relative to the wanted signal,
than can the renmpte station 123 - 127 not having DARP capability.
[0096] Thel0@AUbrshmérendie spfiesdiée 12Tem be srvieed by atyeoneafipubdeneten
the power éa@é’ @ aﬁonsofloaﬁrpll 'ﬁ&'dﬁ%m&h skt BN L &d: v@{'ﬁj V%Ha?ﬂafs Doy s
expressed | I'n 'ohe éxa co- channel erf ence ratio
coul d be, H}othee;ﬁamg base -s@ttdrqu%hmi elgya trenqnum b}P emby obn-sdreingdateed
signal is t han t he, power he - channel

interfer ers(éa(tlé’rHS lll,lil’)l(\yl\\g.lﬁl ‘H?mte“dedatg)ser‘??ﬁ hgr %PW d Staéﬁ?& e, the ratio may
be +6dB (V\ﬂﬁGSleMlet hrenpayver theeliglercaf sighes iRat e@lsesﬁitagﬂ@aé 111G A 1dBihiagher
t han the power vel of the co-channel interferer (or unmanted
signal ). o og sy S ste O ShaTOH AR 124 954 regprivhie BiCe st etk
and appar aghy Sightt Hoﬁwqe@&RBa&egtét%mr@Cqu tREo AR oh G e tﬁah Bf the
interferer signal can be as nuch as 10dB hi gher than the anplitude of
t he want edsefighapse daipnt hih fearpthe @tﬁateu Prischinzacentre 252 napis &t ke the
process t I anpl, r..skanal
TR A L e S
co- channel basmsmcbreﬂ Ehbecomata mon-wwﬂ@d&e k009 2hd mmvexaphmszgnaﬂ Vo tlaes

Gescr’ oo AL RER!AR, YRR ¥ hETa AR o s SRR L5

capabi | i t yor amohgmbgbﬁll?ﬁ‘mrh @h@ﬁﬁanh&’lﬁ:ohrﬂi:&ﬂ temheree nevir e Mo, an
exi sting al so with DARP capability, would do

The XIStI g user \
the sane 2@@@& ?ﬁ%@@é&m&g}n%%@owewta@érmdlpﬁesaﬁr@e%esaﬁm d ipapp

number of channels. Each active connection (for example a voice call) is allocated a

particular channcl having a particular channcl frequency for the downlink signal



[ 00103] Fi gure 8A of the acconpanyi ng drawi ngs shows an apparatus for
operating in a nmultiple access comuni cati on systemto produce first
and secon sharing a single channel. A first d

and a sec&f?ﬂag&@aésource 402 (for a first and a second%g’rﬁgﬁ}ﬁg@?ﬁél on
123 - 127) produce first data 424 and,second data 425 for

transm ssion. A sequence gener at or 4013»5 generates a first sequence 404

andasecodseu o 5 Afir er 406 r st
oquance. a0anTRIRERR dng'BRe Syloh" By, TPPONA Kt FRESE IR ] %

408. A secmm:lvadollssbthueémélt@&taecﬁrbﬂmes 27 handsecnansk] $edug agartdQbr Whidhel he
second data 425 t,% pr od %ﬁ secgnd conbi ned, data 409. [00104] The f| rst
and second tWRBIYNEE et oEnal engpisted by fhe ot E’tr‘fé?fsnﬁ teg? to the

modul at or gkl sfa@bn mpoluint 119 h@trkect g dyi ﬂh@tbaeéﬂgaﬁéﬂel secand; combiped
data 408, 409 usi ntg first carrier fréequency 411 and a first time
(S

sl ot 412. frepuengies faxdemnlak anfaplink signafs are e&qen‘éfyremayo Ylomevmpisanchys an
|l at t d
oy ghal a1 issibRGnd FABNTY o ARG BEr 000 (Ul nhabyiBhy HREHS B

The RF fr oht remstiepszoels sk thetthmofei stagton and 23 eclaicht nedbdsatiedos it hdll $,
413, 414 b upconvert| ng them from baseband to an RF (radio
frequency) lfrequency The upconverted signals are sent to antennas
416 and 41{D0stiexs endifuayfonkellasgeeins e biovideasdss té edny ORI @5fdduendyi r st
and second nody] at egﬁg nal s l}{ be conbi n%d in a conbiner r| or to
bei ng t r an'SHi% t&gyre RO AORPRIYABS dipRingseshgw & iarigpesgiephet C% ligein 2

transmtt eé'ell[fﬁg‘ébﬁﬁﬂﬁicﬂﬂ&ls%&st&ﬂq}lﬂ: uskS @RhucaRd réﬁ%@ Blis farl&RA 8lafhple
device. A single 23 antenna 416 provides neans for transmtting the
conbi ned flhasstreasedfaefeiceint 13 wieh epipentadicalls: bhirequieneied. sThat mgsny ttted
in FIG 8By, [19%%%{1!:&9 la{(rzﬁlagie%r 5*8? eas‘%a‘E%HB?e”Mlo@&eQanéNe ’B?% s?z{%f%ﬁ’% fBur
met hod for using ‘the apparatuses perating I pl'e access
conmmuni catsiea leéybﬂeﬂm—tlb 11!1rstmh:¢ei FIG. s& Emih ssteomdd&@ldgnml tBres hem:d)mgoﬁ

o Sear i) S0 Bndbertyd P reeRiis Alocalet T o5 ek e s o o

for a basecashaf haitesldOthatldilof hi42tsectiSq3 lsectdrRR Mot 4 klesP hipbeldiffbichy Of
renote sta %I ons .123 - %27 whereby a different ﬁqlrﬁt.]ral nin sequence IS
assi gned fGrIUSRETY- r EhfoteTusPat Teysf g repgas it aflar fho e tyshpt S & hi s

net hod mayjjgrResans k@gkmd c%ﬁ@e&@ﬁﬁatéﬁﬁﬁl@@h&@w bRkl etiod 310 bERAgs 1)

anot her exanple, this nethod e executed i'n a base station 110
111, 114. qqﬂo&otwpﬁéﬂatlw}ﬁgbqlmsge aell Bobaselstatinetl hbbelooes, tozed &t i wn i s

made in st t,he e o t he
base stat o oo PO Rk G B0 e CIBEREL A0SR R
answer i s NO,argt¥dh of hdjacent lmd sm)msl Ibaok 1§ drdaspextistlarRerdtostiti@R124nd

t he steps re re I he answer, i 5. YES new

connect | on s vEoRbels FRREhEN et st Hhecis i Rise tesroee
whet her thlefeeferescerbfuﬂghw@l LelvaRnedellf] eoh 36l UnUsiechtdd B s@l O chame@ny
channel ﬁquenc If there is an unused tine slot on a used_or

unused chalFBICNFFse (NSFC §20ht Fesencyn Ry (SURROTS PBY OF $NOs¢ IcBaaelsd Sh Brlock
504. The npihes &he Qrc%‘é@:ﬁecp@%rehpsetm chhdel fr@cﬁ&ﬁ&eé%»@&gr R cSiLPs

above are reéepeated. [00108] When eventually there is no | onger an
unused ti nialsrpaor- b@@c@u&@amse the spmeskoridregpencies e Baseotativone could n@)

t he answer f 0 h
to block 5 g%x%lﬁﬁﬁ &%E%C%Salpoga@sneg t‘?(n%éméﬁ Fgfre%{} ef'm'(E:l?f ég?% I%j e new
connect i oncanongheatiog writhh ramote stagvnn g2 an ke tiven, arec 220 d|Sngﬂarty daset

f first crjt b iety of crit F |
one or 1t er VBT GHERGT A ample TSy Hiag g8 Hdf sePry FRCRUS | ow

traffic. AmRptherd f6f folceminamidiRywillercttvad stithas 1 248 1S Ltvidcaréd I@aﬁiryd ssed
by no nore th ion 123 - 127. 1t can be appreciated

one remte s
that ther e ?F@ pee de b@fo@f? E(Préerc?rﬁﬂt@nraesuuséauro%ﬁtetr%am kThe

repeat pattern repeats in a regular arrangement for the geographical area serviced by

the communications system 100. It may bc appreciated that although the present



24 in block 505, or other criteria. One criterion is that the TSC has
not yet been used by the cell or sector for the channel conprising
the used t Anot her criterion mght be that th i t
used on ”ﬂ/g%o%g%ﬁtﬁse by a nearby cell or sector. The ngf::f@gzqoﬁgﬁ%z
noves back to the start block 501 andi4 he steps above are repeated.
[00110] Fi gure 10A of the acconpanying draw ngs shows an exanpl e

wherein th r 9 woul d reside in

station cogi H@qu%g eag%%{ﬂ\f?t%ﬂﬁ ?113{%; égelfjs |ﬂ?)rrr11 %%’n‘Ear‘ 8Ialnélmb§b%glsrlt5§ P%ﬁr
control | erthpm ﬁnmambato%@umhﬁcfﬁmey&ommb&y&hamﬁm The steps of the
met hod may stored.,in soft 680 in 685 i.n, _nenory

subsyst em @@gﬂ ‘%ﬁ stgied h";ﬂ Bfﬂ\f{\m %8 Ci‘rﬁ‘eﬁggr@)'%\?c%ﬁs ‘V‘Qg;fai“ﬁ% TOMA.
control | er TPMIC BESAIGHRAcceRs tevhdiflietieoky vwislew@ﬁ@ dﬂ@%éd/ca@%éty Uife
base statign control | er 600, or within sone other ital naI
processor | BRP). ea¢h farigiFrgrecy intgeornid raoarevaly hﬁélcé Eest 5% cﬁ‘ﬁme
control | er;s&600.dr $25000865B,

also to baléqe sta ?ongﬁg f S§1 aﬁol&?sg@gﬁé QO@QI% tVit;glmgf}gurep%xoﬁt(Qid

[ 00111] Shoise eightinme Sd@tﬁmrijs @igbygmemuﬁﬁcﬂtlmc elopafiotrs ooé TDM A& dratmalwits of
data 651, ch table of data stores values of a paraneter
for a set %?éifﬁé%o%‘él @?ﬁl ons 123, 124 indicated by the colum | abel ed
MS. Tabl e B984]sA phesical zharesl mi‘cupléaabllm fige Sk uehdeehdameTabi garidbdar
stores vaI es for @QFWDW%‘ number TS. Tabl e 653 stores val ues of
channel ?:fu‘é?ﬁ?’y 3’ﬁ‘e:b8 %Bi‘i?lélbli“a‘faé%ﬂt Frtenoy g Bnepradat a
coul d al temabewgasxitgh@i M RRARE RS sRtsWikilih 24 TRAR Fgheslonghe AR e
or several tables of different dinmensions to those shown in Figure

10A. [ 0011¥JUchR FeBrateso irabe dxed T DYEY awignment casdiytey pae damerctsipgs $70

w th nenor

bar Aot or o SRS LA R RO HRE e ARG, BRI S R
660 are cowithi pbdalityntiemotsstatioas 12he | 2besing diffacht osigesitinaslge néthat e
an access d._a fu ctl 62 sen n _acecess n
conmand toagglgglgé:gg}?gpﬁe%uﬁnﬁz %Q gﬂﬁi tﬂg tflﬁ%gﬁa(fﬁpcé %erfog Gg‘hef%rt e a
traffic assaagmmalﬁrmwa@@ traamdlt an then€'tsicp bf 6@y froms eNeq@etdyaf fwiile
assi gnnment g‘?ge to a base statipn 62 630. or 6419 These functl ons
may be exet 8t HE MEYSHIS TR 838 sYSrASVEY Hshpel remsncy £2. During

[00113] W t hich de®ALifIO i@ 51 ME eSOk 6fiBn 108 el BeWhBI® et S rRR3E 2
station controller 600, t her e may al so be a power” control function

665 to contiEwsl teranifesir the dysg st%ﬁonal 18j Yrall 14 arah@tmrngte@@h byling thasdot
station 6 0

Funct ons Sheun Lalopatl L Ak Bref BeRRoB0RIEH SRR hButiBras |
menory summt@em’t@@m?énd 260Fﬂh¢ ohdneel for mmsmrzatﬁﬁao a2bolglpudtadioal 198 —

reside in i chi-ng centr onme or_ al f the
onerTons ISR R Qe T HRCGET i B8 sioE R Ve TR sfetby e
coul d equadhaynalefol doesimécation ABea GasdTBaorDfl 1basel st Bt icomnsrifee Mott63I0 or

640. [O001151Fi 'gure 10B |$ a flowchart disclosing the steps executed
by the bas&®EIYiBA 2R YY | er 600. Wien all ocating a channel to a

remote st afppes] Higde 71 2bwisCard exdn@iI®bBasdetlehOBr NReZPots 608 tf?ﬁ@fmis?onv‘hen

the renpte station 123 requests service, the base station 620,
640 wi shi ngultiplesiseess §EDMHY Goampiecaspag Sysiem1 2gbase suptigre s trana:retqu@a

nmessage t o4 he Lgaass%ﬂécté'igéo bR ALd 91]1113 €hotsORP ezc(?lrm%naf: Q(?E'Qreér Oﬁgﬁ&gn&%nt

Control |l er processor 660, upon recelving the re e at step
602 via da&eaOﬁwsrm&m@ﬂQﬂeetIéﬁ i 132@ sinil Bach sigal bcmglea:cbwedlau the meguiar efdil | f
t he answermhl%t t bl ock.601

hod_nov
and the stéps ea%%%?éls gr%e r 69 e‘giﬂél IaWe(ﬁs(P%galéSHEg\%# Slgléa eat’a‘f‘f:eﬁ/‘!i(tlon
connect i onl Idetrarnsmits Salli t’mbtmgda&dusui@ﬂelﬂtsl dh bﬂx@ﬁkca&ﬁchlﬁnﬁi@Cﬁcﬁllumw SFerde

as to whether there is nus chan n unused tinme sl ot
for any ch%‘ﬁﬁ]@f ?lﬁés(ﬁﬂ%‘?:t?/fmmi’q F%d F‘%al%atﬁﬁﬂfﬂ timeots) d o¥§cedysed
remote station 126 might be allocated a second time slot 5. The base station 114

transmits, in this example, a signal for the first remote station 124 during time slot 3



[00117]In order to apply criteria for selecting a tinme slot, the
controller processor 660 accesses nenory 650 via data bus 670, or
accesses ry 685, to obtain information, for

i nformati %82@313?@% current allocation of tinme slot sgé?@%ogiw%ﬁr’ﬁ
sequences or both, and whether renotestations 123, 124 have DARP
capability. Controller processor 660 then generates a conmand (661 or
663) and s rana=Ty . to.. e station.620.to0
assign a cﬁgﬁﬁé%qnﬁcgg)uencgs 1 ét??‘?fea%é Itl%'?éﬁalﬁsda %1%%? rf{‘lprﬂ%e Eeecérﬁ%ﬁe(%m(i %tattl(ﬁle
renot e st atdéodurib imeTiet reff thededuhnre oftinessiback. Tie filseast @ctndueaote 601

and the steps ahqye gre repeated. 26 [001181Figure 11 he
o omman: SRS DAL G e R e bR stpeithh i RS2 Alh o s wey
620, 920. {BasecsBalio0csitNiheQidnels fidth i BEe sB8dn G OMMUNE GRIGS stavib
comruni cations |ink with a base station controller 600

9.50.1 T h . ot
Comuni cat |%nd2¢ FARTgE s 2Ry I theeage statian Elbilusingr cogresgongling ginegglots 3
exanpl e.  Conty Gl ! I LGRSO 1 S e GRTUN ' i via
data bus 970, retceis\/er @Lger?flponeﬁl?seglg& QE%Q{aﬁseg%E@tglﬁgmt%%gsﬁgr?}%eer
conponent sb®@ FatigpBl4 tatgn@AO(anCoret rembiestatipno bds 32 o6& iep Adnar affittes
via data bus. 980. W ' rfac 21, e.dat a,hu 70_coul
conpri se jlﬁzin%o‘%% etagecgrﬁﬁg é\%nr%asio %%5 ghse rgrﬁlggcs (t)ag]f){:’ls E)%’ E‘%‘?H t{/ana?ltam |y
bi - di r ect i thabhse sBsibm | busasced2P3and 980 coul d be the sanme bus.

[00119]In anple,.a nmessa requestin rant of a channel js
Fece vid 't PORRaTPE R Brign ot et g itatt Seongadrareas tme
radi ated sdigRh @hHlRRSETHIR] WAThaHhARNGh&2Mindh dalicts! dhitlHd dugliexer
switch 926. The signal passes fromthe receive port of dupl exer

swi t ch 926CRCHIPRRIOASE 8y differanp inptansed obbwewhi ch conditions the signal
(for exanp BN - ' f.l L O i.fiying) .
The recei vﬂgrg?ﬂgvnndul at %&nggé\@&gﬁfﬁﬁ%g@m’%sﬁg btgg{? %ﬁgﬁg Wg‘?ﬂg;{r?glb\é%nd
out put s t hstatpanid@ul Ht. ddid sidyHmlremotectrtiond3 ddéddé cortnd cismiehisestdaver

922 whi ch es.a -interleaves th enpdul at ed signal an

out put st SRR IS SN SBEXSRER AT 7 TRESLEH S0 RE, PO e
processor 94®nddnj Vids 114 amd hhecrmas shtiomPdaty . thengritagendsedddatd ng
grant of a cha I roller processor 960 sends the nessage via
Daco stat ;urgonr iy B s dereqBlO GBEREh (osong Fehe rer g Ao St |,

600. The basRusiceicbed) ot @iy deQlierRdQod (9 6HScH AdBaBNvhicB of AQkt of
grant, a channel to the renote station 23, 24, either autononously or

t oget her wicElHETsEIhe Baseiationilhd ddnt Mewdhee (¢ anpo| Ba signsltta thegigmote
controller n t d € %q:g;r@({ﬁ and er

di gi tal cosrtr?rg)glilggt ?%ﬁ glis%%gi %%?Q? ?%1@%%@%?%3%t es g?‘?aggg' 1‘%&'&
124, for exhnpiresegusicgrviaet isnemsmyed in keigd8Cin e enifldlc of @2dry tinge slot
comuni catl%u%][s | ink 950. The signals are then sent via data bus 980
to controller processor 960. Controller processor 960 outputs signals
for renot e[0888tTlensqdeddes &24diséd bg akkefenatd statibre 1 R aMXyr t@28mpansatt Her

coded and interl.eaved signals then pass to transmtter nodul ator 928.
It can be SERH! FF%ﬁ‘fﬁﬂP@%\g’E“: Yanypgickbhgth timegtodaduee dnterdsrencs | tom oiber ¢ o

transm tt efeciRdol 4IR! aBP8o s@@hborSicOibd! refBle RatlBMPIReStald MR Aedvedl24.
These several sia_%nal s can be conbined within transmtter nodul at or

928 to proVEme dDesrbReons sdrArRraer 8y ghanvaaet which innet of SRt s
as shown | Buifdn@Uf28 -Liby LRY Gln L1AGHE0TDE Blelithinls 0SS Yl PlaRhAA! S
t - nodul at 27 wthin

could alternatively be perfornmed post- Ion
transmitt eraifing sequenss sl isengdifiedabyd nottipiath fatingr Ftdgesommbhiuse thize

transmt chal . Th | at.ed conbj ned signal ,is output from

t r ansni ttelrg?df[#ﬁ%tﬁ & g(l’)]gg g%?eatﬁ% {ieﬁlbﬁcl Stl%naf HEP ¢ Hifs H{‘W&'B%Ct tre@fcmaﬁsplbé’xer
Swi t ch 926condthetisg gnainvirse filven toukipadt tha eest be oo desad Gignant @iffarcor t
of dupl exer sw tc@ 5926 t.o ahe antenga 925 for .tra\g,sm Si Ol?' {300121]
I'n anot herSe8YIp1 (@nd ASSOUAISH §EWEREPICY PE I sEityny HERBREDASE sfefens

110, 111, 114 in order to reduce interference between sequences transmitted by base

stations 110, 111, 114 that arc close to cach other.



28 shows no val ues but

1001. Phagg,
two signals

i denti cal
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phase shi

(coTCH) r

5

. In order to serve additionpé

repeated dots indicating that there are many
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(usi ng di fyelent 1 LalnilAghaeiivsnne imgslogssiapgeigingr evi ousl y) such
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[0091] Table | shows example values of parameters for signals transmitted by the two
base stations 110 and 114 illustrated in Figure 6. The information in rows 3 and 4 of
Table 1 show that for remote station 124 both a wanted signal from a first base station
114 and an unwanted interferer signal from a second base station 110 and intended for
remote station 125 are received and the two received signals have the same channel
and similar power levels (-82dBm and -81dBm respectively). Similarly, the
information in rows 6 and 7 show that for remote station 125 both a wanted signal
from the second base station 110 and an unwanted interferer signal from the first base
station 114 and intended for remote station 124 are received and the two received
signals have the same channel and similar power levels (-80dBm and -79dBm
respectively).

[0092] Each remote station 124, 125 thus receives both a wanted signal and an
unwanted interferer signal that have similar power levels from different base stations
114, 110, on the same channel (i.e. contemporaneously). Because the two signals
arrive on the same channel and similar power levels, they interfere with each other.
This may cause errors in demodulation and decoding of the wanted signal. This
interference is co-channel interference discussed above.

[0093] The co-channel interference may be mitigated to a greater extent than
previously possible, by the use of DARP enabled remote stations 123 - 127, base
stations 110, 111, 114 and base station controllers 151, 152, While base stations 110,
111, 114 may be capable of simultancously receiving and demodulating two co-
channel signals having similar power levels, DARP allows remote stations 123 — 127
to have, by means of DARP, similar capability. This DARP capability may be
implemented by means of a method known as single antenna interference cancellation
(SAIC) or by means of a method known as dual antenna interference cancellation
(DAIC).

[0094] The receiver of a DARP-capable remote station 123 - 127 may demodulate a
wanted signal while rejecting an unwanted co-channel signal even when the
amplitude of the received unwanted co-channel signal is similar or higher than the
amplitude of the wanted signal. The DARP feature works better when the amplitudes
of the received co-channel signals are similar. This situation would typically occur in
existing systems such as GSM not yet employing the present method and apparatus,

when cach of two remote stations 123 - 127, cach communicating with a different
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base station 110, 11, 114, is near a cell boundary, where the path Josses from cach
base station 110, 111, 114 to each remote station 123 — 127 are similar.

[0095] A remote station 123 ~ 127 that is not DARP-capable, by contrast, may only
demodulate the wanted signal if the unwanted co-channel interferer signal has an
amplitude, or power level, lower than the amplitude of the wanted signal. Tn one
example, it may be lower by at least 8dB. The DARP-capable remote station 123 —
127 can therefore tolerate a much higher-amplitude co-channel signal relative to the
wanted signal, than can the remote station 123 — 127 not having DARP capability.
[0096] The co-channel interference (CCI) ratio is the ratio between the power levels,
or amplitudes, of the wanted and unwanted signals expressed in dB. In one example,
the co-channel interference ratio could be, for example, -6 dB (whereby the power
level of the wanted signal is 6 dB lower than the power level of the co-channel
interferer (or unwanted) signal). In another example, the ratio may be +6dB (whereby
the power level of the wanted signal is 6 dB higher than the power level of the co-
channel interferer (or unwanted) signal). For those remote stations 123 — 127 of the
present method and apparatus with good DARP performance, the amplitude of the
interferer signal can be as much as 10dB higher than the amplitude of the wanted
signal, and the remote stations 123 — 127 may still process the wanted signal. If the
amplitude of the interferer signal is 10dB higher than the amplitude of the wanted
signal, the co-channel interference ratio is -10dB.

[0097] DARP capability, as described above, improves a remote station’s 123 — 127
reception of signals in the presence of ACI or CCI. A ne‘.;v user, with DARP
capability, will better reject the interference coming from an existing user. The
existing user, also with DARP capability, would do the same and not be impacted by
the new user. In one example, DARP works well with CCI in the range of 0 dB (same
level of co-channel interference for the signals) to -6 dB (co-channel is 6 dB stronger
than the desired or wanted signal). Thus, two users using the same ARFCN and same
timeslot, but assigned different TSCs, will get good service.

[0098] The DARP feature allows two remote stations 124 and 125, if they both have
the DARP feature cnabled, to cach receive wanted signals from two base stations 110
and 114, the wanted signals having similar power levels, and each remote station 124,
125 to demodulate its wanted signal. Thus, the DARP enabled remote stations 124,

125 arc both able to use the same channel simultancously for data or voice.
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[0099] The feature described above of using a single channel to support two
simultaneous calls from two base stations 110, 111, 114 to two remote stations 123 —
127 is somewhat limited in its application in the prior art. To use the feature, the two
remote stations 124, 125 are within range of the two base stations 114, 110 and are
each receiving the two signals at similar power levels. For this condition, typically
the two remote stations 124, 125 would be near the cell boundary, as mentioned
above.

[00106] The present method and apparatus allows the supporting of two or
more simultaneous calls on the same channel (consisting of a time slot on a carrier
frequency), each call comprising communication between a single base station 110,
111, 114 and one of a plurality of remote stations 123 -- 127 by means of a signal
transmitted by the base station 110, 111, 114 and a signal transmitted by the remote
station 123 - 127. The present method and apparatus provides a new and inventive
application for DARP. As stated above, with DARP, two signals on the same time
slot on the same carrier frequency may be distinguished by using different training
sequences at higher levels of interference than before DARP. Since the signal from
the BS 110, 111, 114 not being used acts as interference, DARP filters/suppresses out
the unwanted signal (signal from the BS 110, 111, 114 not being used) by use of the
tralning sequences.

[00101] The present method and apparatus allows the use of two or more
training sequences in the same cell. In the prior art, one of the training sequences, the
one not assigned to the base station 110, 111, 114, will only act as interference as it
also does in Multi-User on One Slot (MUROS) for at least one mobile station’s 123 —
127 receiver. However, a key difference is that the unwanted signal for that mobile
station is wanted by another mobile station 123 — 127 in the same cell. In legacy
systems, the unwanted signal is for a mobile station 123 — 127 in another cell.
According to the present method and apparatus, both training sequence signals may
be used in the same time slot on the same carrier frequency in the same cell by the
same base station 110, 111, 114, Since two training sequences can be used in a cell,
twice as many communication channcls may be used in the ccll. By taking a training
sequence which would normally be interference from another (non-neighboring) cell
or sector and allowing a base station 110, 111, 114 to use it in addition to its alrcady-

used fraining sequence, the number of communication channels is doubled.
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[00102] DARP, when used along with the present method and apparatus,
therefore enables a GSM network to use a co-channel already in use (i.e., the ARFCN
that is already in use) to serve additional users. In one example, each ARFCN can be
used for two users for full-rate (FR) speech and 4 for half-rate (HR) speech. It is also
possible to serve the third or even fourth user if the MSs have excellent DARP
performance. In order to serve additional users using the same AFRCN on the same
timeslot, the networl transmits the additional users’ RF signal on the same carrier,
using a different phase shift, and assigns the same traffic channel (the same ARFCN
and timeslot that is in use) to the additional user using a different TSC. The bursts are
modulated with the training sequence corresponding to the TSC accordingly. A
DARP capable MS may detect the wanted or desired signal. It is possible to add the
third and fourth users in the same way as the first and second users were.

[00103] Figure 8A of the accompanying drawings shows an apparatus for
operating in a multiple access communication system to produce first and second
signals sharing a single channel. A first data source 401 and a second data source 402
(for a first and a second remote station 123 — 127) produce first data 424 and second
data 425 for transmission. A sequence generator 403 generates a first sequence 404
and a second sequence 405. A first combiner 406 combines the first sequence 404
with the first 424 data to produce first combined data 408. A second combiner 407
combines the second sequence 405 with the second data 425 to produce second
combined data 409.

{00104] The first and second combined data 408, 409 are input to a transmitter
modulator 410 for modulating both the first and the second combined data 408, 409
using a first carrier frequency 411 and a first time slot 412. In this example, the
carrier frequency may generated by an oscillator 421. The transmitter modulator
outputs a first modulated signal 413 and a second modulated signal 414 to a RF front
end 415, The RF front end processes the first and second modulated signals 413, 414
by upconverting them from baseband to an RF (radio frequency) frequency. The
upconverted signals are sent to antennas 416 and 417 where they are respectively
transmitted.

[00105] The first and second modulated signals may be combined in a
combiner prior to being transmitted. The combiner 422 may be a part of either the

transmitter modulator 410 or the RF front end 415 or a separate device. A single
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antenna 416 provides means for transmitting the combined first and second signals by
radiation. This is illustrated in FIG. §B.

[00106] Figure 9 of the accompanying drawings shows a method for using the
apparatuses for operating in a multiple access communication system to produce first
and second signals sharing a single channel shown in Figures 8A and 8B. The
method includes allocating a particular channel frequency and a particular time slot
for a base station 110, 111, 114 to use to transmit to a plurality of remote stations 123
~ 127 whereby a different training sequence is assigned for each remote station 123 -
127. Thus in one example, this method may be executed in the base station controller
151, 152, In another example, this method may be executed in a base station 110,
111, 114,

[00107] Following the start of the method 501, a decision is made in step 502
as to whether to set up a new connection between the base station 110, 111, 114 and a
remote station 123 - 127. If the answer is NO, then the method moves back to the start
block 501 and the steps above are repeated. When the answer is YES, a new
connection is set up. Then in block 503 a decision is made as to whether there is an
unused channel (i.e. an unused time slot for any channel frequency). If there is an
unused time slot on a used or unused channel frequency, then a new time slot is
allocated in block 504. The method then moves back to the start block 501 and the
steps above are repeated.

[00108] When eventually there is no longer an unused time slot (because all
time slots are used for connections), the answer to the question of block 503 is NO,
and the method moves to block 505. In block 505, a used time slot is selected for the
new connection to share with an existing connection, according to a set of first
criteria. There can be a variety of criteria. For example one criterion might be that a
time slot may be selected if it has low traffic. Another criterion may be that the time
slot is already used by no more than one remote station 123 - 127. It can be
appreciated that there will be other possible criteria based on the network planning
methods employed, and the criteria is not limited to those two examples.

(00109} A uscd time slot on a channel frequency having been sclected for the
new connection to share along with an existing connection, a TSC for the new
connection is then selected in block 506 according to a set of second criteria. These

sccond criteria may include some of the criteria used for the sclection of the time slot
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si gnal s atsubsys®i 650. Within controller processor 660 are contained functions that include
a function 661 to generate an access grant command, a function 662 to send an access
grant command to a base station 620, 630, 640, a function 663 to generate a traffic
assignment message, and a function 664 to send a traffic assignment message to a
base station 620, 630 or 640. These functions may be executed using software 680
stored in memory 685,
[00113] Within controller processor 660, or elsewhere in the base station
controller 600, there may also be a power control function 665 to control the power
level of a signal transmitted by a base station 620, 630 or 640.
[00114] It can be appreciated that the functions shown as being within base

station controller 600, namecly memory subsystem 650 and controller processor 660
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signal is ot eRA&difdaBPR! albERA in block 604. The method then moves back to the
start block 601 and the steps above are repeated.
[00116] On the other hand, if the controller processor 660 determines there is
not an unused time slot on any channel frequency, it selects a used time slot. See step
605 of FIG. 10B. The selection could be based on accessing memory subsystem 650
or other memory 685 to obtain information on criteria such as the current usage of
time slots, and whether both or only one of remote stations 123, 124 are DARP
enabled. Controller processor 660 selects a used time slot, and selects a training
sequence code for the time slot. See step 606 of FIG. |0B Since the time slot is
already used, this will be the second training sequence selected for that time slot.
[00117] In order to apply criteria for selecting a time slot, the controller
processor 660 accesses memory 650 via data bus 670, or accesses other memory 683,
to obtain information, for example information about the current allocation of time
slots or training sequences or both, and whether remote stations 123, 124 have DARP
capability. Controller processor 660 then generates a command (661 or 663) and
sends thc¢ command (662 or 664) to the base station 620 to assign a channcl
frequency, time slot and training sequence to the remote station 123. The method

then moves back to the start block 601 and the steps above are repeated.
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[00118] Figure 11 of the accompanying drawings shows the flow of signals in a
base station 620, 920. Basc station controller interface 921 communicates, via
communications link 950, with a base station controller 600. Communications fink
950 might be a data cable or a RF link for example. Controller processor 960
communicates with and controls, via data bus 970, receiver components 922, 923 and
624, and transmitter components 927, 928, and 929. Controller processor 960
communicates via data bus 980 with BSC interface 921. The data bus 970 could
comprise just one bus or several buses and could be partly or wholly bi-directional.
Data buses 970 and 980 could be the same bus.

[00119] In one example, a message requesting grant of a channel is received
from a remote station 123, 124 in a coded, modulated, radiated signal at base station
antenna 925 and is input to duplexer switch 926. The signal passes from the receive
port of duplexer switch 926 to the receiver front end 924 which conditions the signal
(for example by means of down-converting, filtering, and amplifying). The receiver
demodulator 923 demodulates the conditioned signal and outputs the demodulated
signal to channel decoder and de-interleaver 922 which decodes and de-interleaves
the demodulated signal and outputs the resulting data to controller processor 960.
Controller processor 960 derives from the resulting data the message requesting grant
of a channel. Controller processor 960 sends the message via base station controller
interface 921 to a base station controller 600. The base station controller 600 then acts
to grant, or not grant, a channel to the remote station 23, 24, either autonomously or
together with mobile switching centre 610,

[00120] Base station controller 600 generates and sends access grant
commands, and other digital communication signals or traffic for remote stations 123,
124, for example assignment messages, to BSC interface 921 via communications
link 950. The signals are then sent via data bus 980 to controller processor 960.
Controller processor 960 outputs signals for remote stations 123, 124 to coder and
interleaver 929 and the coded and interleaved signals then pass to transmitter
modulator 928. It can be seen from Figure 11 that there are several signals input to
transmitter modulator 928, cach signal for a remote station 123, 124. These several
signals can be combined within transmitter modulator 928 to provide a combined
modulated signal having 1 and Q components as shown in Figure 11. However the

combining of the several signals could alternatively be performed post-modulation



wanted 3 114 123 114 123 32 3 TSC 2 -67dBm wanted 4 114 123 114 124
32 3 TSC 3 -67dBm

WO 2009/03638% PCT/US2008/076312

27

within transmitter front end module 927 and or in other stages within the transmit
chain. The modulated combined signal is output from transmitter front end 927 and
input to the transmit port of duplexer switch 926. The signal is then output via the
common oOr antenna port of duplexer switch 926 to the antenna 925 for transmission,
[00121] In another example, a second message from a second remote station
123, 124 requesting grant of a channel is received in a second received signal at the
base station antenna 925. The second received signal is processed as described above
and the request for grant of a channel is sent in the processed second received signal
to the base station controller 600.

[00122] The base station controller 600 generates and sends to the base station
620, 920 a second access grant message as described above, and the base station 620,
920 transmits a signal comprising the second access grant message, as described
above, for the remote station 123, 124.

[00123] Figure 12 of the accompanying drawings shows example arrangements
for data storage within a memory subsystem 650 which might reside within a base
station controller (BSC) 600 of the present method and apparatus of cellular
communication system 100. Table 100! of Figure 12 is a table of values of channel
frequencies assigned to remote stations 123 - 127, the remote stations 123 — 127 being
numbered. Table 1002 is a table of values of time slots wherein remote station
numbers 123 — 127 are shown against time slot number. It can be seen that time slot
number 3 is assigned to remote stations 123, 124 and 229. Similarly table 1003
shows a table of data allocating training sequences (TSCs) to remote stations 123 -
127.

[00124] Table 1005 of Figure 12 shows an enlarged table of data which is
muiti-dimensional to include all of the parameters shown in tables 1001, 1002, and
1003 just described. It will be appreciated that the portion of table 1005 shown in
Figure 12 is only a small part of the complete table that would be used. Table 1005
shows in addition the allocation of frequency allocation sets, each frequency
allocation set corresponding to a set of frequencies used in a particular sector of a cell
or in a ccll. In Table 1005, frequency allocation set fl is assigned to all remote
stations 123 — 127 shown in the table 1005 of Figure 12. It will be appreciated that
other portions of Table 1005, which are not shown, will show frequency allocation

scts £2, f3 etc. assigned to other remote stations 123 - 127, The fourth row of data
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shows no values but repeated dots indicating that there are many possible values not
shown between rows 3 and 5 of the data in table 1001.

Phase Shift
[00125] The absolute phase of the modulation for the two signals transmitted
by the base station 110, 111, 114 may not be identical. In order to serve additional
users using the same channel (co-TCH), in addition to providing more than one TSC,
the network may phase shift the symbols of the RF signal of the new co-channel (co-
TCH) remote station with respect to the existing co-TCH remote station(s). If possible
the network may control them with evenly distributed spaced phase shift, thus
improving receiver performance. For example, the phase shift of the carrier frequency
(having a particular ARFCN) for two users would be 90 degrees apart, three users 60
degrees apart. The phase shift of the carrier (ARFCN) for four users would be 45
degree apart. As stated above, the users will use different TSCs, Each additional MS
123 — 127 of the present method and apparatus is assigned a different TSC and uses
its own TSC and the DARP feature to get its own traffic data.
[00126] Thus, for improved DARP performance, the two signals intended for
the two different mobile stations (remote stations) 123, 124 may ideally be phase
shifted by n/2 for their channel impulse response, but less than this will also provide
adequate performance.
[00127] When the first and second remote stations 123, 124 are assigned the
same channel (i.e. same time slot on the same channel frequency), signals may
preferably be transmitted to the two remote stations 123, 124 (using different training
sequences as described previously) such that the modulator 928 modulates the two
signals at 90 degrees phase shift to each other, thus further reducing interference
between the signals due to phase diversity. So, for example, the I and Q samples
emerging from the modulator 928 could each represent one of the two signals, the
signals being separated by 90 degrees phase. The modulator 928 thus introduces a
phase difference between the signals for the two remote stations 123, 124,
[00128] In the case of several remote stations 123, 124 sharing the same
channel, multiple scts of I and Q samplcs can be gencrated with different offscts. For
example, if there is a third signal for a third remote station 123, 124 on the same
channel, the modulator 928 introduces phase shifts of preferably 60 degrees and 120

degrecs for the sccond and third signals relative to the phasc of the first signal, and the
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resulting 1 and Q samples represent all three signals. For example, the 1 and Q
samples could represent the vector sum of the three signals.

[00129] In this way, the transmitter modulator 928 provides means at the base
station 620, 920 for introducing a phase difference between contemporaneous signals
using the same time slot on the same frequency and intended for different remote
stations 123, 124, Such means can be provided in other ways. For example, separate
signals can be generated in the modulator 928 and resulting analogne signals can be
combined in the transmitter front end 927 by passing one of them through a phase
shift element and then simply summing the phase shifted and non-phase shifted

signals.

Power Control Aspects

[00130] Table 2 below shows example values of channel frequency, time slot,
training sequence and received signal power level for signals transmitted by the two

base stations 110 and 114 as shown in Figure 5 and received by remote stations 123 to

127.
Row BASE Remote | Base Remote [ChannelDownlinld TSC MS Signal
STATION | station1 | Station1 |station for} freg- TS Received| category
fransmitting | receiving{ serving |which thei uency. power
the signal |the signalj Remote | signal is level of
1 station? | intended signai
2 114 126 114 126 32 5 [TSC 3|-33dBm | Wanted
3 114 123 114 123 32 3 |TSC2-67dBm | Wanted
4 114 124 114 124 32 3 |TSC 3|-102dBm| Wanted
5 114 123 114 124 32 3 |TSC 3|-67dBm | interferer
6 114 124 114 123 32 3 |TSC 2}|-102dBm)| interferer
7 114 125 110 124 32 3 [TSC 3}-105dBm| interferer
8 110 124 114 125 32 3 |T8C 1|-99dBm | interferer
9 110 125 110 125 32 3 |TSC 1}-101dBm| Wanted
10 110 127 110 127 32 3 |TSC 4|-57dBm | Wanted

Table 2
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[00131] The rows 3 and 4 of Table 2, outlined by a bold rectangle, show both
remote station 123 and remote station 124 using channel frequency having index 32
and using time slot 3 for receiving a signal from base station 114 but allocated
different training sequences TSC2 and TSC3 respectively. Similarly, rows 9 and 10
also show the same channel frequency and time slot being used for two remote
stations 125, 127 to receive signals from the same base station 110. It can be seen that
in each case the remote station 125, 127 received power levels of the wanted signals
are substantially different for the two remote stations 125, 127. The highlighted rows
3 and 4 of Table 3 show that base station 114 transmits a signal for remote station 123
and also transmits a signal for remote station 124. The received power level at remote
station 123 is -67dBm whereas the received power level at remote station 124 is -
102dBm. Rows 9 and 10 of Table 3 show that base station 110 transmits a signal for
remote station 125 and also transmits a signal for remote station 127, The received
power level at remote station 125 is -101dBm whereas the received power level at
remote station 127 is -57dBm. The large difference in power level, in each case, could
be due to different distances of the remote stations 125, 127 from the base station 110.
Alternatively the difference in power levels could be due to different path losses or
different amounts of multi-path cancellation of the signals, between the base station
transmitting the signals and the remote station receiving the signals, for one remote
station as comnpared to the other remote station.

[00132] Although this difference in received power level for one remote station
compared to the other remote station is not intentional and not ideal for cell planning,
it does not compromise the operation of the present method and apparatus.

[00133] A remote station 123 — 127 having DARP capability may successfully
demodulate either one of two co-channel, contemporaneously received signals, so
long as the amplitudes or power levels of the two signals are similar at the remote
station’s 123 — 127 antenna. This is achievable if the signals are both transmitted by
the same base station 110, 111, 114 and (could have more than one antenna, e.g., one
per signal) the power levels of the two transmitted signals are substantially the same
because then each remote station 123 — 127 reccives the two signals at substantially
the same power level (say within 6dB of each other). The transmitted powers are
similar if either the base station 110, 111, 114 is arranged to transmit the two signals

at similar power levels, or the base station 110, 111, 114 transmits both signals at a
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fixed power level. This situation can be illustrated by further reference to Table 2 and
by reference Table 3.

[00134] While Table 2 shows remote stations 123, 124 receiving from base
station 114 signals having substantially different power levels, on closer inspection it
can be scen that, as shown by rows 3 and 5 of Table 2, remote station 123 receives
two signals from base station 114 at the same power level (-67dBm), one signal being
a wanted signal intended for remote station 123 and the other signal being an
unwanted signal which is intended for remote station 124. The criteria for a remote
station 123 — 127 to receive signals having similar power levels is thus shown as
being met in this example. If mobile station 123 has a DARP receiver, it can, in this
example, therefore demodulate the wanted signal and reject the unwanted signal.
[00135] Similarly, it can be seen by inspecting rows 4 and 6 of Table 2 (above)
that remote station 124 receives two signals sharing the same channel and having the
same power level (-102dBm). Both signals are from base station 114. One of the two
signals is the wanted signal, for remote station 124 and the other signal is the
unwanted signal which is intended for use by remote station 123.

[00136] To further illustrate the above concepts, Table 3 is an altered version of
Table 2 wherein the rows of Table 2 are simply re-ordered. It can be seen that remote
stations 123 and 124 each receive from one base station 114 two signals, a wanted and
an unwanted signal, having the same channel and similar power levels. Also, remote
station 125 receives from two different base stations 110, 114 two signals, a wanted

and an unwanted signal, having the same channel and similar power levels.



wanted Table 3 [00137] The apparatus and met hod descri bed above have
been sinul ated and the nethod has been found to work well in a GSM
system The a E)ar at us descri bed above and shown in figures 8A, 8B,
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downlink, cach mobilc station will consider the signal intended for the other mobile



| evel s for the co-channel users are |arge enough for the caller who
is further away when they share the sane ARFCN and tineslot. They can
bot h have | evel of the power, but this can be_inproved if
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the new user. 123 - 7., This_can done_.t hrough..t he tim ng advance
(T3 "par antitish 2 GaEAd et 15 3hertEsh el Gulierihs bologheTeshen
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Users [00153] Anot her novel feature is to pick a new user with a
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in the sane cell and at simlar dﬁt_agmnd needs roughly the sane
power | evell0l4fént i f ifedodngvie howl thopresanbmhéipd aed efipafagstisiimeplpwernttérhtt t he
net wor k | LS. er wt if TSC
fromt heng%l% |%Sﬂ‘ﬁﬁdel{rag%wﬁ?écwwgp&“%%% ap aW:cuPar%Sdare @@% on
of Speech @@pdage wifhoOLeAlvAgobh exlic arzsssdapatiiiigrofi MURICH clhfsenallClas it is

rejection of. a DARP.capabl e il il v ependi on i.ch
spleech coo‘geélr"iﬂ%c @’s@ﬂf.w FF§?CYtnﬁ€ %&Wﬂ?%ﬁ@/ ﬁdgp?fé’é’?"?ﬁf‘tsth%%rgtcé’ﬂda
and assi gnidehtffy e RIE’s DARH dRKLIROIS Tl RVBsSha®a0§ Hluiehatlo A RRsGhst ance
to the renote station 123 - 127 and the codecs used. Thus, it may be
better if % AFIHRINOIIN A MdsloaobL RamAerPatdics Whis iadescaibeds 488 of

di stance tpsiohe; BS i1 GERAN %%fhard@' élgu%ﬂ‘}?ﬁlets&nhé}ﬁs RET O JRRLE:

limtation of CCl rejection. one si I's too strong conpared to
t he ot her ,indiativigeaken NiSgn&ARRcapabilithebud etoe fare do dMETRQS totessmark or
interfere . re,.. the network may consider. the.di stance from
the Bs. 110 P DR Beinlid SR EhE R IR b B RGPS T
co- t i mesl ofcssiblEhe ideolifyoviatigr ar sotpn dde GLivER Othiaphble heing) elewhiskmarh Yor

execute to mnim the.interference t ther cells:. WO .
5000/ 03630 BEHVS ion Yﬁs&sﬁ%&ﬁeﬁ%@“ﬁ‘f&‘paf ﬁg‘!)?‘g}’ailﬁﬁsg\?& s
di versity sdidaidakee fstthlaradvuanboggupé dTMs B0LaPIN0LEEmEA! loSths BT Re

transmtted with a DTx_ (discontinuous _ .
inform the BS of its capabilities. In fact, many manufacturers do not design their

DARP-capable MSs to send the DARP classmark to the BS on call setup procedures
for fear that their MSs will automatically be assigned to noisier channels by the BS,
thereby potentially degrading the communication from that MS. It is therefore
cutrently not possible to identify with any certainty, whether an MS is MUROS-
capable or even DARP-capable. It is desirable to let legacy MS to play a part in
MUROS operation, as they do have the capability to doing that, The current issue is
that there is no signaling to support that.

100146} In theory, it would be possible for a BS to identify MUROS-capability
in an MS based on the International Mobile Equipment Identity (IMEI) of the MS.
The BS can establish the MS’s IMEI by requesting it directly from the MS. The IMEI
is unique to the MS and can be used to reference a database located anywhere in the
network, thereby identifying the model of mobile phone to which the MS belongs,
and additionally its capabilities such as DARP and MUROS. If the phone is DARP or
MUROS capable, it will be considered by the BS as a candidate for sharing a slot with
another suitable MS. However, while using the IMEI is theoretically possible, DARP

or MUROS capability alone is not a sufficient criterion for determining whether a



transm ssion) node. This is the node that the allocated TCH burst can
be quiet for the duration of no speech (while one is listening). The
benefit o n every TCHin the cell uses DIx is_to reduce the
overal | pg\//é?()%f”g%ﬁ% of the serving cell on both UL and"BIUSHAEHYE3Ehe
interference to others can be reduced,. This has significant effect,

as normally people do have 40% of ti i stening. The DTx feature can

b din M d IL.tg achi eve t benef.i t t at ed.
[00156] ThaFE T A gt e arkRVR T6r ik reshe "Bo Tadireven Grad v

frequency heERipNGlistof UGS cliriend$ tcaflceeh Rk BSi WEES hieyDARPeR NMwROWURCOS
users pair together, there could be sone period of tinme both MJROS
pai red useFBis-e Tihg igsptificaiqonefuMiss taklesto share p@agiculer slot eensiderscethers as
st at ed aboygerifei t her of the MJURCS paired users get the benefit from
each other. For this reason, when both are in DIx, the allocated
resour ces @PHAhast edfirstly thekerfdrencadviasticagebilsy aflthe Mibireatgivdnl noisy

hel pful DT 1.0d, C I f C opp} tq take ce.so
that & gr oporedleodAR Bl fled (R L B DR AN Bl b3 Gy
every franmobésigs is Tdil so nibdchizdhd MY odhe enstusigabld avalbletsfaredblot, (e

MURCS oper ati on, reduces th robability that both, paired MJROS

users are J g?)?.&lnffo“ﬁg 1 ﬁg}lrgg*égs?ttlﬁédsﬁr“é%%m PYTEN %? b%é\??ﬁ‘i‘ﬁgdﬂ@

GVBK on t hethdCHindRBerelisss (Sd@C!;téid%BmQﬁ%airdﬂgrtFiheﬁ%tﬁé f335. MBOsE vk of

speech calls and maxim zing the overall capacityof the NW [00157] An

exanpl e of dyEHiRhE RigReraCs reerior serblitnpdpaskStihdo pwd dedisiavred 8

MURCS cal I g Uphifgh d okt Mb%uﬁspﬁle&ﬁucﬁgq%m defiredin torroddived bythe Ms W
I Callers A, B, C, D can be &

who use simlar RF power. z non- frequency
hoppi ng. |lmsadaiowh dnierferandegragera, supsrinfios@l ar . dihe diveorsaneurst coeinsta,

say T53, ; r.different fr ies,  ARF L. f f4.
Gt ers 1 Y Gfec b i SRR BARNSIeR et SRTGoMed power Byl 0B ()
V, W are onniihgteaieeotdrpbsisot diE3cm ndinitgsecfisaotiernhd @ Feing fsed fod tiend
f4 (MA list). Suppose they are given HSN=0, an O 0, 1, and 3
respect i vefdy. WIS i} PReryt i)"E\,Se'%; s BiSHRgishg ﬂwh@?%ﬁry\kurwzfmm &he
cyclic forggasv& dn the table below. 40 [00158] Frane

No0123456789 10 11 11A/T AW AN AU AT AWAV AUAT AWAV AU
128/ U BI T BR481 v B/ In ppactigplyy igrmleommggtion vf the weasptmmthedagnd apparatayvitieN

CUCOT O 'P'r(gaﬂ-ilig gﬁ%@%%u\%d?’(é’t@ F%r%\{ﬁ& i ?lipétiﬂggbﬁitg%%‘ltﬁp‘/

DU DT [00159] The abov y an exanp ormis selected
t o show howmpte sidiok 0 refdsivaiceferance gy alsd bnotedhe distussedertidvg. This & sent

parti cul ar; at .. | rks,eve etter i rando of
ot ring st PSR oot R (RO e RN SRR IRIR T o,
frequency fepreginng ontht helieo 03 1MALH D Sbrregpoadigg Ve a toshabidity’ HEbie BiroHINS
(in the abpye e le 0 to 3) an | Os ided two ysers are each
ARECNL - Dot Ve Ahet B P ORra, RAQTaheb Lt et Fd i ftbor vty e (e
channel ( TgkD, thepRBteH BRALIH 0PI NX ANRER: inkdHeenkbatré BEPSs Fdpph&aNt ed
on the network side, with mnor or no changes nade on the renote

station silkfet af2g “enhepyed mpgsuigoRbicROMAT | Gecsttbe burstries been sens étibadBEP
renot e st atgd i i i S I

Ctati on 125 R, dRidy k den (heBlold BEie N3 Rpd g R LRI
TO |'s haveolbeansuitseld foraviy/Rafdineiatingd. Issimvilgafns,)a BER)of atdaistild Has been
paired with t xi.sting TCH(sS) .th i re) usin I,m . power..
ot exanpl Gohitio PP LA d il Aol Gl a1 B e M PR e
net wor k filndsndiogn bexst stérnbe viginad agdieasis@p shd Mahbod € efr@Wloccurring in
consecutive tincsl ot i sim | ar, power requirenent to the

2ddi t 1 onal TREWT Bt i‘@t %{3?"8}‘.&1%13350?1% IS PFOIL Y 0L DS SRGCSHRR eSS,

t he networdcdamn Joresoqfalige & thRid et a{anﬁa,d%am%ﬁw i tHERKR adirfRih.
Then the network assigns the four tincslots to the new data call

whi ch need&riatprmedgrior Hiequaigy daioss ha brrshl Jbmay dhsreforgi befraefersbletsbase) n

the MUROS operation decision on the mean BEP taking account of the co-variance of




[ 0016111 f considering data services which use nore than one tineslot,
all (when it is even) or all but one (when it is odd) of the
tinmeslots g)ar red. Thus, inproved capacity may be achieved

gi vi ng the”qvé’ 127 rmore than one TSCs. By using nﬁ?TfPW&Sfﬂré‘é%
the renote statron 123 - 127 may, in e exanple, conbine its paired
timeslots into one tineslot so that the actual RF resource allocation

may be 41, c b . r exa for 4DL, dat transfer
That the V&S TP G o s i dRiaftces B o Bl ondeids S HB5R" 75
and TS4 irbre@ghnftmea@pmﬁg]grmgsgnaempm@ggnt net hod, BI and B2 are

assigned one TSC, say TSCO_ while B3 and B4 have a different TSC, say
TSC1. The, [0814%nd Bz\iwwtlrﬂ@y,t thg fepision squigrpeTigised opibe BSQaﬁdDWWy be

transm tt 6dn @R qksgnd Bstans i erro%E%AddH %p@h&d sS R BR&Vis QUsiTue

4DLassrgnrrent just uses’two tineslots to rans our bursts over
the air. TiewveaAllcT mndewsi aneh vclancere@p@elsmaanwmed/muﬂwemf:@t cand iB3 and

B4 with TSC ? f fdec bursts nma
make this r}féiallteur)ggmgpﬁsege?’gﬁzlz%pgo% tﬂ' %onve dIEP r%%lﬁggm oF
Conbi ni ng rEcaptish @uslity [ Comipit lrgelonrd lasleéspSncevrentheLmberroﬂfRate
tinmeslots hal ve the over t ir A aIIocatron n tery
ener gy. Tr@@lgjtoﬂ?r EESVEH i na]ah Pé%grf%h" §EAn A Sn}%}g}&ﬁ’ Rl
moni tori n%r%ldﬂ@hs@ﬂa@‘érshﬁﬁh la§ [&J@lzaﬁ %5 b &N bvrah MRt nOfivhiReRLEs EiRficddst h
serving cell and nerahbor cells. There are sone further features on

t he net worftkresheld forMldRRStaReiekiormy make the additional assignnent of
co- channel i ﬂ]t' e Asﬂe%atz(r&g tﬁ%m@&%ﬁﬁ%?@% fl?ﬂgﬁse‘afasta"é@m&ﬁ%{‘{

users. In| y the networ use se’ users are at
simlar di @'ttawcé{XL'EW md@caltesblee metd@ngtﬂngthmengvéﬂAno:fBrea"ﬁlhs u.saekd

Each user " ovr infe to t 11 nges
i n networ kﬁﬁo%i? IfePg n%f?er @% asr?ov IQT]Se aaiesaStt ngg
two co- chanmedieen @ImoﬂxStmseraSVm@emvmglel mr@huﬂafremeaﬁa it MCROSN&IrRE

novi ng toward nd t her no fromthe , there
will be av\%errir ﬁz?ﬁ Ifarfou?%g #in o t‘éw%@rﬁm & ‘gf‘th%?nﬁ@g?rt%?“ahas
a better ngfufdbQfsed RSteRP¥ER chR¥RhtionNitS hofoubdifRatvbhe. a problem as
the network nmay be continuously re-allocating the users on different
ARFCN and TS. Some further optim zation may be hel pful, such as
optim zing selection of the REW Jealeibf ol e ﬁiﬂ( as this is rel ated
with the frequency reuse pat rea. One advant age of
this feat u{rOQISIS t hatThiet puesms m!a:htm:i yang o ipacit s uWan@wKomndeﬂmDIA}@i de.
e.g., BSa anges, gn trafrc cha SSi nt _my
i ncrease tcﬁlga %%agﬂkf. ga%'ié)[&) %"é tﬁ‘f HS‘E) %t Snn gprkbgo[ ﬁufgjé’ge% "id
dat a [ 0016#bdiltidnencthoriovemeri mapaye beistirgdaethédst &t the GHIICH separate

(co-channel and co-tinpesl e used or voi ce calls as well as
for data C%Pﬁsu%rn tGve) W gFéPF‘t o'li ¥t §9¢ @5&956?%&}‘“%?3{ aher ghe sames

feature alaBRhic@8ak Qs K toRebi 8t R A 1HAIRs, IR ¥ch Biobils tellsiggedES!
to 4 and MCS1 to 4. 8PSK. Fewer Tineslots Used
different training sequence. On the uplink each m0b1 e station 123 — 127 of the

present method and apparatus may use a different training sequence. The network

may use a joint detection method to separate two users on the uplink.

Speech codec and distance to new user

[00152] To reduce the interference to other cells, the BS 110, 111, 114 controls

its downlink power relative to the remote or mobile station’s distance from it. When
the MS 123 — 127 is close to the BS 110, 111, 114, the RF power level transmitted by
the BS 110, 111, 114 to the MS 123 — 127 on the downlink may be lower than to
remote stations 123 — 127 that arc further away from the BS 110, 111, 114. The power



[ 00165] This feature may be applied to reuse of co-channel (co-TCH) on
data calls to achieve increased capacity. Two tineslots of data
transfer may_be paired and transmtted using one tineslot wth two
training SE a%ﬁ@gg&hsed in each of the correspondi ng bifFE{US200§pes12,, o
assigned to the target receiver. This ans that 4- tineslot downlink
may be reduced to a 2-tinesl ot domnli% , Whi ch saves power and tine

for the receiver. Changing from4-tineslots.tq 2-ti nesl ot ives the
renote st alte}/?}ﬁ%%tp‘ne C?icﬂ@“g]o“ﬁﬁs Y ee cagies fog a't?hc%ni"ﬁ?)l‘si ﬁ'&%ﬁfcfw%i ch
W 1§ npr owReit gy frandth@ffmOARFON dnQ@HREIT MBcE esidiiRhdVe $hedfame level of

assignnents wth respect to Multi-slot C ass confjiguration

requi r enenths pOWER g thip gan pegmpravad iffthe netpyrkagansidem dhedistamer af co-
Dynam ¢ MG iRG&sbbl st MB¥%aRestdifhn@48d111TNI18 TRARR tE&E Jror e
choi ces for the ﬁertv\i)rﬁqk ‘toasesfve the’ deﬁand’sn?lr omc%/(gf;fll lgh cegqug rebscnlon
the cel|. oirelledbiuidesifping tiendistincegnd btinmtmihe dowiilikegrived neeed for ghe

requests. I S.Lhcye . Ci a t br oughput f t he network
boint of iWiEleh  TEE Tl R ot PR s TR T bR s R Ul of
Q0S. More tskruserclaf -He7sedckader’d 230ne22RAMM grovidbd thista ehe BS 110,

i mpl ement eg”ailg sof tware change on the network side, and renote
station 128117 is adapted to accept additional TSCs on top of its
DARP capability. The changes on the network traffic channel
assignment may increase the capacity-throughput. Use of uplink
network resources can be cons¥agDistapees fghi/sess t he network is busy.
Power can fﬁ@lﬁgved Ohohifee nﬁméaﬁrétsqgg% a]xﬁeal ﬁse%%ba@ﬂ'f&fﬁisﬂﬁ%dgsvaer
performance and | ess restriction on network assigning dat a°ca s, and
i mproved perfeot/emsting usen The natwirkeweg.identify the traffic channel (TCH = ARFCN
Dual Carrier 0167] Th resent .nethod and arat u be used , with
dual carri&d ?ﬁ A GRIFEHE 55 iRt ¢ tge FEPY %ﬁjﬁ%‘ﬁcaé.smﬁgif giasﬁﬁ?eo?ﬂ dat a
rate, therwuglslyahe3@RE pod3dr Bpddddntifiad htwve WAllharhile aotet Seatlivals tharkd er s
fromwhich M5 (or UL—‘[Bor r.enpt.e tati&n) can get two ARFCNs

si mul t aneotEVHK Map G asgign iﬂH%Frg%@ RACHatss Mihe difigisat Tohdion s e
station us@sstipuScrBFiHceRQr ces to get extra data throughput, which
intensifies the stated i ssues above. New TSCs 1001681The present

met hod and apparatus is an inprovenent to existing DARP capabl e
conponents so that the network.is; the co-TCH, i.e.
co-channel (the ARFCN t hat isgel Slig 9 Socelh U8 nd co-tineslot (the
timesl ot tWAL54]s al rAewmther iconudationt i thartie Cdiciecmomabl uIBXRP aaphble
provi de extra,senvices by .assigning different T to the diff nt
Pemot e st arPOHeTyEF SedtaREBh Ahabich eSS uipasanks he e (AP,
Qual comm smepAkCtandriaSAhT)assid differ@osidivalisk Hhowackoap dadediag fidd or

even fourth user/service on the.s ARFCN and tineslot. One feature
used to infJFiawE REAFIERPL SF%[OPé%g@%ﬁhpﬁP%fe?segedoﬁh%%%-b?éﬁ}erilf e.

i f two usems/nesiok G88s ShaiAntiNBed Al HEHr steR dwdicd RCheaie 1upadi, 1 f
three users/services share the same TCH, then three TSCs are used.
The met hodbl4diTsis) is deel taBensriraganse limitedon of €ak eciettionnif age sighaltiitep
feature fo Lwcel dat . ' I (2
capable r egctg%e%r% Nﬁé‘%ﬁcﬁtﬁl tﬁ?oﬁhseg?esh - é%eaié%gglgﬁ? Jcl)t}@‘ H‘?‘hgéL\Sf&%@édn? u%r)eﬁéqﬁ%ed
and appar aintesferanoo Tdifefare,ght n¢twarkninapgeaneiguethe distaacefromel: BS110,Wd 1,
renote statjons _sharing.the sane channel. Characteristic f the
raini ng sbiuRnest o ingy as2ue & Sar o o EHPE Abf Jpiaree ore

Cr 0Ss- cor r gloaddueesd whidh thhBSRorkah®66eC0s fehilim2e tHeSniREtkeh&ub athky cdiisef ul
to the present nethod and apparatus. The DARP function perforns well
wi th good cross-correlation. The cross-correl ation of two training
sequences can be viewed as a neasure of nutual orthogonality. In
sinple terns, the nore nutually orthogonal two training sequences
are, the nore easily the renote station's 123 - 127 recei ver can



[00174] The new trai ning sequences used have particularly
advant ageous correl ation properties neking them suited for use in a

GSM i npl emegt atlon of the present method and apparatus. new
WA BEER specifically chosen to pair with eyp’g/pﬁwasmmsn

sequences
sequences shown in Table 4. The new uences are listed in Tables 5
and 6 below, and are described in nore detail in the follow ng text.

Wil e the pres ent me%hod and ar at s ul ﬁ g sat i s&actorl |y
where the two ?8&%?5 8@’“&%@&" e‘(‘?ﬁ%l P{‘érﬁlt%ﬂ%ijrtﬁl%g{ Aevaags 8hEFom t he
exi sting S[ﬁt éséhown in Table 4 below), it has been determned, that
better perPB8iffnce SMiceheralibt 4ihebr bifanseitid ofith ha X nidiscemingeus and
use of thetrdiﬁwissiéﬁﬂ%@dé”e'@ﬁ@ﬁé’thé%&r%ﬂﬁzﬁ%h@ﬁldcﬁt%ﬂ 'T'C@Qbé@ﬂééfi%%@re or o

conmbi nation with exi sting trai ning sequences 00175

in one exathpHeatiopplngispecchiiehi ewdntistendiotihalrchiyidhaatsn e eraTGEM
system a Igﬁeeceﬁtu@ééﬂﬁx I:LJI(Q Fedi‘!((}elﬂle %ﬁlﬁg&l p(?un rrﬂ ofbrﬁégl ainf Icél?ct)n E)Séﬂgﬂil
having a first train Second rrprls
second tr aindildg lﬁewbmmerwﬁncbtd chas cevbetredictd. l’ignﬁelq u@nﬁ'eant eﬂ-‘ect as

conpl errenta 0 th irst train eguenc E t he pase
station 1115) 44 pe %d?rhﬁﬁ%r%b?s 1\laP‘?‘Fr H?ﬁgﬁ&? %\/F C‘I“] pgsed i

traini ng seURIERoddE waebhilitethdindv Bakat élé%{a@dfrom Table 4) and a
second signal _conprising a second traini ng sequence identified by a

code TSCO I0PF¥h TabiTésress 8r cslya begsfit feridUBROSe berashinyaigbaiienercy
conpl ementigfBink0s L&l ol dsBblid @leP 'dﬂgrs%?qWﬁQI? 8wd REROSNRers r?dlr to eéh

Cross- correlatlon ratio between the first training sequence a
second, cohpleneldtisrspmaeariod af hmm@otételﬁu&%epansd \meen'y atleowDTAs Aahthowul t
of thls | o t erfor Hr!nfq Precelver
has been ftohsniélgt% gnf%ﬂ%gtb% écﬁ & %tfﬁg(% avorabl E%ﬂ?c ﬁ’ aldeé]ﬁgS &&cond
trai ni ng sthebemndle St edG]]S&(ﬁeIf cﬁbr tt}wo r&b@na#}&nriﬁﬁ}emeeﬁ BT suiht atnemtlﬁjl y

by the DARP receiver P .recei ver bett er, . dj
ot voan ¢ HETE RS YRSl Toraee (i s STakis Toinraly” Bt Bt riose
first signgle sahildt@re@éRs hbpgng hﬁtaﬁ@ﬁl@&dso’sﬂhﬁltn@ mupbf ety hatag the

second signal] while rejecting the first sig dependi ng upon whi ch
of the twd2eh&fhsr ﬁylaéréféfdﬂérﬁ@e@mWagara%EWa|’ﬁheﬁc@9tb@d fsjodugss UpesTfbyeasity

station 123 il AfURRS SRR, SATTHIEGARE | pothe nces
have cr ossI coorrel at | onéi%étl 0s of Dbet \Neen%g(}bfggglgéd%@ ﬁ}g&"ﬁ@ﬂ@é

cor r el at edusagairhigt DBx.chalse sproerdentye esobsbilitygpfthreing iong GhERIem de. T He
use of th gt elivers a,further advanta

wher eby nnel?%gge lﬁ]gfri:lgé 1&2‘\%‘%&2%@ rbcegf]% T6F Us® eeclk} Caé‘é hangell-n?x%lmégg??eor,
gi ving mr@fefdlleoaptnlﬂyoﬁtyealﬂd fewer constrai nts on cell planning.
[00177] It i oted that t traini n es ca 0, gi.ve

per f or manc[«gb hef | tsa‘l\/ﬁ%‘é‘ﬂlp[}:soérducf Crases?aé‘rjl’ﬁ g%?ﬁ pp9$gﬂ%&k’\? Hjémi‘%?ﬁiot e
station 128MUHR@R chlert REnP&AIL r3¢ afded cddbls, ALIE, C 134T, The, Rasenshat i on
110, 111, 114 havi ng a receiver which has DARP capabl I ty or simlar
advanced pRile Remewer. Gafersed By C dpﬁmd&mwf%?%é}???% dngdaitien,
which it reqeiVes et Be.sage ik I h I sl Lt

di fferent rermste stailion 12 t@%&ﬂgﬁﬁtﬁﬁg gﬁ‘/lch? o ﬁ]tr ﬁ#@@%{l nk
si gnal f orfreduenaiesl ARFCNafls 2, 3 etl By Gaflersblads \ét\?dtara)fnecmtmqy Hdpping. Th14,
and the up S | t tted by th St 123. -

will typi c’rldidpg) h%a\?lglast eLF g‘gfr‘glageemhteh%é%m glrsnei%s ?%eal}:cgussg SFED&M&%‘Z’
[00178] Asf3stmit éld(Mholm) Supbbe ﬂaeys hengiveh 150, oind VIO &Xi,ST iafd) 3
training se enc for, t trai n|n sequences
bro 1ol G PREETE o T RaeH A ?F@Pﬁlrﬁﬁ&*??&{&c THASYSE TBiTE 45 BN 0
to bit 25)mﬂlldntdaklbe}@{x,_these trai ni ng sequences, the first five and
the last five bits of a training sequence are repeated versions of
five bits elsewhere in the training sequence. For exanple, the five
nost significant bits of the TSCO training sequence (bits 21 to 25)



TSC 0 00100 1011100001000100 10111 47172 B844 TSC 1 00101
1011101111000101 10111 48069 BBC5 TSC 2 01000 0111011101001000 01110

WO 2009/036389 PCT/US2008/076312
40
Frame No. o 1 2 3 4 5 6 7 8 g 10 11
1 AT AW AN AU AT AW ANV ANU AT AW ANV AU
f2 B/U BT BMW BN BU BT BW BNV B/U BT B/W BNV
f3 Ccnv CU CT CwW CNV C/U CIT CW Civ CU CIT CIW
[00158] 4 DW DV DU DIT DW DNV DU DT DW DNV DU DT
[00159] The above is only an example. This form is selected to show how it

works. However it should not be limited to this particular arrangement. It works even
better if more randomness of pairing is introduced. This can be achieved by put all of
& users on frequency hopping on the four MA list, and give them different HSNs (in
the above example 0 to 3) and MAIOs, provided two users are each ARFCN.

Data Transfer
[00160] The first method pairs the traffic channel (TCH) being used. In one
example, this feature is implemented on the network side, with minor or no changes
made on the remote station side 123 - 127. The network allocates a TCH to a second
remote station 123 — 127 that is already in use by a first remote station 123 — 127 with
a different TSC. For example, when all the TCHs have been used, any additional
service(s) required will be paired with the existing TCH(s) that is (are) using similar
power. For example, if the additional service is a 4D1U data call, then the network
finds four cxisting voice call users that use four consccutive timeslots with similar
power requirement to the additional new remote station 123 - 127. If there is no such
match, the network can reconfigure the timeslot and ARFCN to make a match. Then
the network assigns the four timeslots to the necw data call which needs 4D TCH. The
new data call also uses a different TSC. In addition, the uplink power for the
additional one may brought to be close or to equal the uplink power of the remote

station 123 — 127 already using the timeslot.

Assign a Remote station 123 — 127 more than one TSC

[00161} If considering data services which use more than one timeslot, ail
(when it is even) or all but one (when it is odd) of the timeslots may be paired. Thus,
improved capacity may be achieved by giving the MS 123 — 127 more than one TSCs.
By using multiple TSCs, the remote station 123 — 127 may, in one example, combine

its paired timeslots into one timeslot so that the actual RF resource allocation may be
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cut by half. For example, for 4DL data transfer, suppose that the MS currently has
bursts B1, B2, B3 and B4 in TSI, TS2, TS3 and TS4 in each frame. Using the present
method, Bl and B2 are assigned one TSC, say TSCO, while B3 and B4 have a
different TSC, say TSC1. The, Bl and B2 may be transmitted on TSI, and B3 and B4
may be transmitted on TS2 in the same frame. In this way, the previous 4DL-
assignment just uses two timeslots to transmit four bursts over the air. The SAIC
receiver can decode Bl and B2 with TSCO, and B3 and B4 with TSCI. Pipeline
processing of decoding the four bursts may make this feature work scamlessly with

conventional approaches.

Combining Timeslots

[00162] Combining one user’s even number of timeslots may halve the over the
air (OTA) allocation, saving battery energy. This also frees additional time for
scanning and/or monitoring of neighbor cells and system information update for both
serving cell and neighbor cells. There are some further features on the network side.
The network may make the additional assignment of co-channel, co-time slot (co-TS)
based on the distance of the new users. Initially the network may use the TCH whose
users are at a similar distance. This can be done through timing TA of each user. Each

user’s RACH provides this info to the BS 110, 111, 114,

Changes in network traffic assienment

[00163] The above also means that if two co-channel, co-TS users are moving
in different directions one moving towards the BS and the other moving away from
the BS, there will be a point that one of them will switch to another TCH that has a
better match of the power level. This should not be a problem, as the network may be
continuously re-allocating the users on different ARFCN and TS. Some further
optimization may be helpful, such as optimizing selection of the new TSC to be used,
as this is related with the frequency reuse pattern in the local area. One advantage of
this feature is that it uses mainly software changes on network side. e.g., BS and BSC.

Changes on network traffic channcl agsignment may increasc the capacity.
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sequence (e.g. TSCO ) which is conplementary to the first training

sequence. CPriameiletymar he aprddoryeiee calls as well as for data calls on the same TCH to
improve capacity-data rate. This feature may be applied to GMSK modulated data

services, such as CS1 to 4 and MCSI1 to 4. §PSK.

Fewer Timeslots Used

[00165] This feature may be applied to reuse of co-channel (co-TCH) on data
calls to achieve increased capacity. Two timeslots of data transfer may be paired and
transmitted using one timeslot with two training sequences used in each of the
corresponding bursts. They are assigned to the target receiver. This means that 4-
timeslot downlink may be reduced to a 2-timeslot downlink, which saves power and
time for the receiver. Changing from 4-timeslots to 2-timeslots gives the remote
station more time to do other tasks, such monitoring NC, which will improve the hand
off or HO.

{00166} The constraints of assignments with respect to Multi-slot Class
configuration requirements such as Tra, Trb, Tta, Ttb - Dynamic and Extended
Dynamic MAC mode rules may be relaxed. This means that there are more choices
for the network to serve the demands from various callers in the cell. This reduces or
minimizes the number of denied service requests. This increases the capacity and
throughput from the network point of view. Each user can use less resources without
compromise of QoS. More users can be served. In one example, this may be
implemented as a software change on the network side, and remote station 123 — 127
is adapted to accept additional TSCs on top of its DARP capability. The changes on
the network traffic channel assignment may increase the capacity-throughput. Use of
uplink network resources can be conserved, even while the network is busy. Power
can be saved on the remote station 123 - 127. Better handover performance and less
restriction on network assigning data calls, and improved performance can be

achieved.

Dual Carrier
[00167] The present method and apparatus may be used with dual carrier in

addition, to improve performance. For improving data rate, therc is a 3GPP
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specification which allocates dual carriers from which MS (or UE or remote station)
can get two ARFCNs simultaneously in order to increase the data rate. Thus, the
remote station uses more RF resources to get extra data throughput, which intensifies

the stated issues above,

New TSCs
{00168] The present method and apparatus is an improvement fo existing
DARP capable components so that the network is able to use the co-TCH, i.e. co-
channel (the ARFCN that is already in use) and co-timeslot (the timeslot that is
already in use), to serve additional users and provide extra services by assigning
different TSCs to the different remote stations 123 - 127, With a more advanced SAIC
receiver (e.g., Qualcomm’s eSAIC and eeSAIC), it is possible to accomodate a third
or even fourth user/service on the same ARFCN and timeslot. One feature used to
improve capacity is to use multiple TSCs on the co-TCH, i.e. if two users/services
share the same TCH, then two TSCs are used; if three users/services share the same
TCH, then three TSCs are used. The methods disclosed above may be used to take
advantage of this feature for GERAN voice/data calls.
[00169] Using SAIC of a DARP capable receiver for multi-users on one slot of the
present method and apparatus, two different training sequences are used for two
remote stations sharing the same channel. Characteristics of the training sequences
that are evaluated are auto-correlation and cross-correlation. Of these, cross-
correlation is particularly useful to the present method and apparatus. The DARP
function performs well with good cross-correlation. The cross-correlation of two
training sequences can be viewed as a measure of mutual orthogonality. In simple
terms, the more mutually orthogonal two training sequences are, the more easily the
remote station’s 123 - 127 receiver can distinguish one training sequence from the
other training sequence.
[00170] Cross-correlation is quantified by means of a parameter known as cross-
correlation ratio. If two training sequences are totally uncorrelated (which is an ideal
condition never achieved in practice), then the cross-correlation between the training
sequences is nil and the cross-correlation ratio for the two training sequences is zero.
[00171] By contrast, if two training sequences are perfectly correlated (which is the

worst condition for co-channel opcration and for DARP operation), then the cross-
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correlation between the sequences is maximized and the correlation ratio for the two
training sequences is unity, i.e. equal to one.

[00172] It is possible to use two different existing training sequences shown in
Table 4 to distinguish users in a MUROS call. Table 4 discloses the existing eight
training sequences for existing GSM systems identified in section 5.2.3 of technical
specification document 3GPP TS 45.002 V4.8.0 (2003-06) entitled *“Technical
Specification 3rd Generation Partnership Project; Technical Specification Group
GSM/EDGE Radio Access Network; Multiplexing and multiple access on the radio
path (Release 4)”, published by the 3rd Generation Partnership Project (3GPP)
standards-setting organization.

[00173] However that would reduce eight stand alone training sequence sets for
frequency planning to four paired training sequence sets, which may be a bit
restrictive to frequency planning. Therefore, the present patent application identifies
the following two new sets of training sequences which can work with existing
training sequences defined in the GERAN specification. The new sets are sets of
orthogonal training sequences. Existing training sequences can be used for legacy
remote stations, while the new set of training sequences may be used for new remote
stations capable of executing this new feature.

[00174] The new training sequences used have particularly advantageous
correlation properties making them suited for use in a GSM implementation of the
present method and apparatus. The new sequences have been specifically chosen to
pair with existing sequences shown in Table 4. The new sequences are listed in Tables
5 and 6 below, and are described in more detail in the following text. While the
present method and apparatus would operate satisfactorily where the two sequences
used for channel sharing are chosen from the existing set (shown in Table 4 below), it
has been determined that better performance can be obtained by means of the
definition of, and use of the new, complementary sequences as training sequences in
combination with the existing training sequences.

[00175]  Therefore, in one example, applying the present method and apparatus to a
GSM system, a basc station 110, 111, 114 transmits both a first signal having a first
training sequence and a second signal comprising a second training sequence which is
a new training sequence complementary to the first training sequence. For example,

the base station 110, 111, 114 transmits a first signal having a first training scquence
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identificd by a code TSCO (from Table 4) and a second signal comprising a second
training sequence identified by a code TSCO' (from Tables 5 or 6), which is a new
training sequence complementary to the first training sequence TSCO. The cross-
correlation ratio between the first training sequence and the second, complementary
new training sequence is very low. As a result of this low cross-correlation, the
performance of the DARP receiver has been found to be particularly favorable when
the first and second training sequences are used for two signals received
simultancously by the DARP receiver. The DARP receiver can better distinguish
between the first and second signals and can better demodulate the first signal while
rejecting the second signal, or demodulate the second signal while rejecting the first
signal, depending upon which of the two training sequences has been allocated for the
remote station 123 — 127 to use for communication.

{00176] The new sequences have cross correlation ratios of between 2/16 and 4/16
when correlated against a corresponding existing training sequence. The use of the
additional new sequences delivers a further advantage, whereby more sequences are
available for use in each cell or sector, giving more flexibility and fewer constraints
on cell planning,

[00177] 1t is noted that the new training sequences can also give performance
benefits when used for signals transmitted by the remote station 123 — 127 to the base
station 110, 111, 114. The base station [10, 111, 114, having a receiver which has
DARP capability or similar advanced performance, can better distinguish between
two signals which it receives on the same channel, each signal transmitted by a
different remote station 123 - 127. During a call, both the downlink signal for the call,
transmitted by the base station 110, 111, 114, and the uplink signal transmitted by the
remote station 123 — 127, will typically have the same sequence (as is the case for
GSM).

[00178]  As stated above, table 4 shows the set of eight existing training sequences
used for the GSM system. The training sequences are labeled TSCO to TSC7. Each
training sequence has 26 bits (bit 0 to bit 25). In all of these training sequences, the
first five and the last five bits of a training sequence are repeated versions of five bits
elsewhere in the training sequence. For example, the five most significant bits of the
TSCO training sequence (bits 21 to 25) are 00100, and these bits are repeated at bits 5
to 9. The least significant bits of the TSCO training sequence (bits 0 to 4) arc 10111,
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and these bits are repeated at bits 16 to 20, Because of this repetition, it is usual to
assign a short-hand number to each training sequence, the short-hand number being
defined as the decimal value of the word formed by bits 5 to 20 inclusive, although
the number could alternatively be represented in hexadecimal (hex) form. Thus, the
serial number for TSCO is 47172 decimal, or B844 hexadecimal (hex) as shown in the
table.

f00179] The training sequences shown in Table 4 are listed in section 5.2.3 of
technical specification document 3GPP TS 45.002 V4.8.0 (2003-06) entitled
“Technical Specification 3rd Generation Partnership Project; Technical Specification
Group GSM/EDGE Radio Access Network; Multiplexing and multiple access on the
radio path (Release 4)”, published by the 3rd Generation Partnership Project (3GPP)
standards-setting organization and further discussed in technical specification
document 3GPP TS 45.005 V4.18.0 (2005-11), entitled “Technical Specification 3rd
Generation Partnership Project; Technical Specification Group GSM/EDGE Radio
Access Network; Radio transmission and reception (Release 4)”, also published by

the 3rd Generation Partnership Project (3GPP) standards-setting organization.

Training
Sequence Training Sequence
Code Bit26........ ..., 0| DEC | HEX

TSCO 00100 1011100001000100 10111 | 47172 | B844
TSC1 00101 1011101111000101 10111 | 48069 | BBCS
TSC2 010000111011101001000 01110 | 30536 | 7748
TSC3 01000 1111011010001000 11110 | 63112 | F688
TSC4 00011 0101110010000011 01011 | 23683 | 5C83
TSC5 01001 1101011000001001 11010 | 54793 | D609
TSC6 10100 1111101160010100 11111 | 64276 | FB14
TSC7 11101 1110001001011101 11100 | 57949 | E25D

Table 4

[00180] Table 5 shows a preferred set of new training sequences complementary to

those shown in Table 4, for use according to the present method and apparatus. Each
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new traming sequence is for use in combination with the one of the existing training
sequences. The new complementary training sequences are labeled TSCO' to TSC7'.
TSCO' is for use in combination with the TSCO, TSC1' is for use in combination with
the TSC1, and so on. In applying the present method and apparatus, a base station
110, I11, 114 transmits on the same channel both a first signal having a first training
sequence (for example TSCO) and a second signal comprising a second training

sequence (e.g. TSCO0") which is complementary to the first training sequence,

Training
Sequence Training Sequence

Code Bit:26.............o.. ... 01 DEC | HEX
TSCO® | 01111 1100110101001111 11001 | 52559 | CD4F
TSC1® | 011001111110010101100 11111 | 64684 | FCAC
TSC2® | 01110 1101111010001110 11011 | 56974 | DESE
TSC3* | 01101 1110100011101101 11101 | 59629 | ES8ED
TSC4° 11110 1101110001011110 11011 | 56414 | DCSE
TSCS5® | 01010 1100111111001010 11001 | 53194 | CFCA
TSC6> | 01101 1100101000001101 11001 | 51725 | CAOD
TSC7 11100 1101010011111100 11010 | 54524 | D4AFC

Table 5

[00181] A further set of new training sequences having suitable properties is shown
in Table 6. These fraining sequences are for use with their corresponding training

sequences from Table 4 as explained above.

Training Training Sequence

Sequence Code Bit:26 . ... ... 0| DEC HEX
TSCO° 01111 1100110101001111 11001 | 52559 | CD4F
TSC 1’ 01101 1100010111101101 11000 | 50669 | CSED
TSC2 00101 1110110111000101 11101 | 60869 | EDCS
TSC 3’ 11110 1101110001011110 11011 | 56414 | DCSE




01000 0101110001001000 01011 23624 5C48 TSC 7' 11100 1011111011111100
10111 48892 BEFC Table 6 [00182] | nproved co-channel rejection
performance. i s obtained if the pairings are used for the two

co- channeWLPYHEI’E® shown in Table 7. Each new trai ni n§CEUgH83{¥E312
shown in Table 7 can be fromeither Tgble 5 or Table 6. Pairing

Exi sting training sequence New traini g sequence A TSC 0O

TSC4’ 01100 111111001G101100 11111 | 64684 | FCAC

TSC S 01010 0000110111001010 00001 | 3530 DCA

TSC &’ 01000 0101110001001000 01011 | 23624 | 5C48

TSC7T 111060 TOTTT11C1E1T1100 10111 | 48892 BEFC
Table 6

[00182] Improved co-channel rejection performance is obtained if the pairings are
used for the two co-channel signals, shown in Table 7. Each new training sequence

shown in Table 7 can be from either Table 5 or Table 6.

Pairing Existing New
training training
sequence sequence

A TSCO TSCO’

B TSC 1 TSC 1

C TSC2 TSC?2’

D TSC3 TSC 3

E TSC 4 TSC4°

F TSCS5 TSCS’

G TSC6 TSC6’

H TSC7 TSC7

Table 7

[00183]  Alternatively, adequate performance may be obtained by using any of the
following pairings: Any two training sequences from Table 4; Any two training
sequences from Table 5; Any two training sequences from Table 6; Any two different
training sequences from any of Tables 4 to 6.

[00184] Thus, steps for using the new training sequences are as follows:

[00185] When MUROS mode is enabled for the two users, at least one of them are
MUROS and DARP capable remote station 123 - 127, which has the knowledge of

new training sequences.
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[00186] The working pattern may be selected to be 0-0°, 1-1°..., 7-7°, However,
other combinations beside using a training sequence and its compliment work well
also. For example 1-2, 1-2’ may work. However, it may be better to use a training
sequence from Table 4 and its complement such as 1-1° and 2-2°. This is due to
DARP iterative process, which can adapt to the change of code.

[00187] It is desirable for the training sequences to be different, so that the cross-
correlation is low,

[00188]  Using the additional training sequences results in minimal, if any, changes
implemented on the remote station 123 — 127 side unless additional training sequence
codes are to be defined. Using additional training sequence codes are an
improvement of the present co-TCH method and apparatus.

[00189] The impact on the remote station 123 — 127 side is:

[00190]  Define new set of orthogonal training sequence codes. Existing training
sequences can be used for legacy remote stations, while the new set of training
sequences may be used for new remote stations 123 — 127 capable of executing this
new feature.

[00191] Thus, in addition to being DARP capable, the remote station 123 — 127
supports the new training sequence codes also.

[00192]  The impact on the network side is:

[00193] The network assigns two different training sequences to the co-TCH users.
If new training sequences are defined, then network may assign these to remote
stations 123 — 127 supporting a new training sequence set and assign legacy training
sequences to legacy remote stations 123 - 127,

[00194]  FIG. 15 is a flowchart illustrating the steps taken with the present method.
Following the start of the method 1501, a decision is made in step 1502 as to whether
to set up a new connection between the base station 110, 111, 114 and a remote
station 123 - 127. If the answer is NO, then the method moves back to the start block
1501 and the steps above are repeated. When the answer is YES and a new connection
is set up. Then in block 1503 a decision is made as to whether there is an unused
channel (i.c. an unused time slot for any channel frequency). If there is an unused
time slot on a used or unused channel frequency, then a new time slot is allocated in
block 1504. The method then moves back to the start block 1501 and the steps above

arc repeated.

F
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00198] As stated above two new sets of training sequences, QCOM7 + QCOMS,

have been identified which may work with the above existing training sequences
identified in the GSM specification. QCOM corresponds to Table 5 and QCOMS
corresponds to Table 6. The two new sets of sequences are proposed to for future
MUROS operation. The pairings are:

[00199]  Training sequences identified in the GSM/EDGE specification with
QCOMY7 training sequences, and training sequences identified in the GSM/EDGE
specification with QCOMS training sequences.

[00200] There are some duplications of training sequence bits in the two groups.
Both groups perform well when paired with training sequences identified in the
GSM/EDGE specification. As discussed above, when MUROS mode is enabled for
the two users, the working pattern may be selected to be: 0-0°,1-1°...,7-7°.

[00201] Table 8 is a Test Configuration Summary of parameters used when
running tests using the new sets of training sequences and the legacy training
sequences . Figures 17 ~ 18 contain test results, and Figures 19 — 34 are performance

plots.
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According to the present method and apparatus, a mechanism is

set information to the remote station with

no increase in size of the signaling message itself. According to the present method

and apparatus, the remote station signals to the network if it supports a new set of

training sequences via a mechanism such as Classmark 3 signaling. (See step 1710 of

flowchart in figure 36). Once the network knows that MS supports more than one set

of training sequences for a communication channel, then the network can decide

t he



Fi xed or Floating Floating point Logical Channel AHS5.9 Mde Traffic
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which set of training sequences the remote station shall use for the communication
channel being established. According to the present method and apparatus the existing
information element called Channel Description (defined in 3GPP TS 44.018 section
10.5.2.5) is modified to signal the training sequence set to be used by the remote
station for the communication channel being established. (See step 1720 of flowchart
in figure 36). The Channel Description has a 5 bit ficld called Channel type and
TDMA offset. The present coding of Channel Type and TDMA offset field is as
follows:

87654

00001 TCH/F + ACCHs

0001T TCH/H + ACCHs

001ITT SDCCH/4 + SACCH/C4 or CBCH (SDCCH/4)
OITTT SDCCH/8 -+ SACCH/CS8 or CBCH (SDCCH/8)

Table 9

[00205] As can be seen from the coding of Channel Type and TDMA offset
field that fifth bit (in bit position 8) always has a value of 0.

100200] The present method and apparatus makes use of the fifth bit to indicate
which training sequence set the mobile device is to use for the traffic channel. The
advantage of this method and apparatus is that reliability of this information is
consistent with existing control messages and the change is made in one place in the
specification to cater for all the circuit switched assignment messages.

[00207] The proposed new coding of Channel Type and TDMA offset ficld is

as shown in Table 10 below.

87654

S0001 TCH/F + ACCHs

S001T TCH/H + ACCHs

SOITT SDCCH/4 + SACCH/C4 or CBCH (SDCCH/4)
SITTT SDCCH/8 + SACCH/CS8 or CBCH (SDCCH/8)



Interference(2" user) Signal based on Legacy TSC Table 8 - Test
Configuration Sunmary Signaling for the Assigning of Additional
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above, these training sequences are used to provide separation
between different users across different cells rather then different
users within the sane cell. [00203] contrast, according to MJRCS
operation, each cell has the abilithQQﬂD two training sequences to
provi de separation of two users within the sanme cell. In MJRCS at

| east one new set of eight training sequences is defined. The renote
station i ndPes t Ihefitadiggesthe Frigingrequeaye sef touse a4i9P6VEs t he new
trai ni ng sequence set. The existing signaling nmessages contain three
bits to tell the renote station which of the eight training sequences
to use forSthe comunication |link. The signaling nessages are
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two sets of traini 04] According to the
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i ncrease ilﬂgg&ﬁe of %Fﬁereﬂcﬂﬁéﬁ“ﬁ@ ‘%‘P@és%esup?%ltggﬂﬁ%?t&feﬁ&“‘t JaHe
present mejch@sheandt apRabRtsISis {dheor eMBLe Bt alhRR St80R! shall b€ an
network if it supgorts a new set of traini ng sequences via a

e
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set of training sequences ni cati on channel,
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station shal se for the c nication channel Dbei es | i shed.
Accor di ng t¢ c?lkf eem%pgir Nt t%ngtﬁ%sa%%'aﬁ%fﬁge%t% Oreﬁgrésﬂlt%%bas one of

i nfor mat i onoelismeptiosal kedt hactseputddasaiabptr@iung. dedmmed-rtalaBieRRdES
44.018 secti an 18% 2.5) is nodified to signal.the trgi nj n? sequence
set to be HSEHSHYOL NOTHYS EOTARGATIGER Rt COREBISAYRIN AR BRUERENHE

bei ng est alkdigRagat AcHaGtes &%f&@@_c%pﬁtb%@@ﬁi fré ohé PlELo3Qdthe NA
Channel Description has a 5 bit field calléd Channel type and TDVA

of f set. Th¥opeemedie neydicrigy grailshlsiedia thipeandieormmal bof ¢ swerd peipdss s
T
SACCH C8 orreadaBtHn¢dsbCOHBIprita B, ROMIO ZOBRABM, € RibaV seetherf opdionlt disk
coding of %rggerjellllag-l_r%gc:e a%srﬁdstglg%@ 0?‘f (];ﬂs‘lgrt magnetic storage devices, or any other
medium that can be used to carry or store desired program code means in the form of
instructions or data structures and that can be accessed by a general-purpose or
special-purpose computer, or a general-purpose or special-purpose processor. Also,
any connection is properly termed a computer-readable medium. For example, if the
software is transmitted from a website, server, or other remote source using a coaxial
cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or wireless
technologies such as infrared, radio, and microwave, then the coaxial cable, fiber
optic cable, twisted pair, DSL, or wireless technologies such as infrared, radio, and
microwave are included in the definition of medium. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD),
floppy disk and blu-ray disc where disks usually reproduce data magnetically, while
discs reproduce data optically with lasers. Combinations of the above should also be

included within the scope of computer-recadable media.
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renote st addviags $PiaDY), fieldupidgamnAbl GMVENTySAHGRE, piotksesusaronggnnel
node unaccept abl e" 00210]In one or nmpre exenpl ary enhodi nents, the
functi ons 18qu:-pq%rgge%dylcroprocessors, electronic (?ewces, other e%ctromc units designed
to perform the functions described herein, a computer, or a combination thereof.
[(00212] The previous description of the disclosure is provided to enable any
person skilled in the art to make or use the disclosure. Various modifications to the
disclosure will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other variations without departing from
the spirit or scope of the disclosure. Thus, the disclosure is not intended to be limited
to the examples described herein but is to be accorded the widest scope consistent
with the principles and novel features disclosed herein.
[00213] Those of ordinary skill in the art would understand that information and
signals may be represented using any of a variety of different technologies and
techniques. For example, data, instructions, commands, information, signals, bits,
symbols, and chips that may be referenced throughout the above description may be
represented by voltages, currents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof.
[00214] Those of ordinary skill would further appreciate that the various
illustrative logical blocks, modules, circuits, and algorithm steps described in
connection with the embodiments disclosed herein may be implemented as electronic
hardware, computer software, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustrative components, blocks,
modules, circuits, and steps have been described above generally in terms of their
functionality. Whether such functionality is implemented as hardware or software
depends upon the particular application and design constraints imposcd on the overall
system. Skilled artisans may implement the described functionality in varying ways
for each particular application, but such implementation decisions should not be

interpreted as causing a departure from the scope of the present invention.



be inplenmented in hardware, software, firmware, or any conbi nation
thereof. If inplenented in software, the functions may be stored on
or transmtted as one or nore instructions or code on a
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Claim2. The nmethod of claim1, further conprising the step of using
HSNs (hoppi ng sequence nunbers) and MAIGs (nobile allocation index

of fsets) on the sane tine slot but different ARFCNs to pair of said
group of MJRCS callers with each other in a cyclic or random fashi on.
Claim 3. The nethod according to clai® 1, wherein said pairing is
done for traffic channels and data channels. Claim4. The nethod
according to claim3, wherein said traffic channels include full

rate, half rate and AFS and said ddtLA ™ 8nnel s i nclude CS and MCS in
GPRS and EGPRS. Claim5. An apparatus for establishing user diversity

for MURGERIER]- M@hO%@rﬁﬁtﬁbgﬁWr fiuersidy PoMURCSadersycamesisinag t he MUROS

cal | ers,freqnghdmaﬁné%m@g@gueas gheup of the MJURCS callers with each
shign. Claim6. The apparatus of claim
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and MAIGs (nobile allocation index offsets) on the sarre time slot but
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dat a chdarreinsfashien.ude CS and MCS in GPRS and EGPRS.

Claim 3. The method according to claim 1, wherein said pairing is done for traffic channels

and data channels.

Claim 4. The method according to claim 3, wherein said traffic channels include full rate, half
rate and AFS and said data channels include CS and MCS in GPRS and EGPRS.

Claim 5. An apparatus for establishing user diversity for MUROS callers, comprising:
means for frequency hopping the MURQOS callers, and
means for pairing a group of the MUROS callers with each other in a cyclic or random

fashion.

Claim 6. The apparatus of claim 5, further comprising means for using HSNs (hopping
sequence numbers) and MAIOs (mobile allocation index offsets) on the same time slot but
different ARFCNs to pair of said group of MURQS callers with each other in a cyclic or

random fashion.

Claim 7. The apparatus according to claim 5, wherein said pairing is done for traffic channels
and data channels.

Claim 8. The apparatus according to claim 7, wherein said traffic channels include full rate,
half rate and AFS and said data channels include CS and MCS in GPRS and EGPRS.



