1 CAPACI TY | NCREASI NG DEVI CES AND METHODS FOR W RELESS COMMUNI CATI ON
Field of the Invention [00011 The invention relates generally to the
field of radio conmunications and in particular to the increasing of
channel capacity in a radi o comruni cati ons system Background [0002]
More and nore people are using nobile comruni cati on devices, such as,

for exanpl e } A

cormun; cat | SALA T & W%%@%g%ﬁ%g%‘?%@&%ﬁ%
speci fication, GPRS and EGPRS provi de data rvices. The standards
for GERAN are mai ntained by the 3GPP (Third CGeneration Partnership
Proj ect) . FidddRANhE Snéeidnt Of G obal System for Mobil e Conmuni cations
(GSM. More specifically, GERAN is the radio part of GSM EDGE

t oget her MOOH Threinventiwr kelateragereriiiystot the fishd ef sadie icomenynidadiony end &nd
Abis inter ggcerl&sr)t ?]}gd t he .bas statli on ctontrol .ers I(ﬂA int erfactes,
etc.). GEFVAYFERFECBRFEEHR AEPR SAPAEEM Y UEP R P i gt5t8 e Bhone
calls and packet data fromand to the PSTN and Internet and to and
fromrenote stations, including nobile stations. UMIS (Universal

Mobi | e TeBadkgwemi! cati ons Systenm) standards have been adopted in GSM
systens, [0002] Wiordargemerapdople 40 MRRImetilcodnaistiestonalevlcey, sigh harfger
bandwi dt hs and hi gher data rates. GERAN i s al so a part of conbi ned
UMTS/ GSM §ie s, kaobileghonas, 1oty foovaisgybytadipelor 4l qoppauneations-ladag s

net wor ks. ~&i re: tr e F Al kS GRAAE tY
i ssue. Si (;Jlgl(ka/f/? gp;?\lagmaﬁ%%shelﬁ&gﬁﬂngggﬁg?‘ N?atgée% gﬁér; gé\ﬁg}hgg? ISo‘?l{f]dt he

downl i nk frblide tdh@rsepiicdshd heplandkrd§ Ehr) GER A8 Dk neeistaided by alge3GRP €Thiad
symetrical. For exanple a nobil tati.on (V5) _doj ETP transfer. is
kel y t GOBIETg{RPe ARSI Pﬁﬁtﬁ-cg*mﬁréaﬁ bivator; Slop Sistpa for abie
resour cesciAmuhithliod ARMPENMoR BLifHAR), SERESW §eSad;d gaﬂ@ 8F GSMIERGE'S
it stands at the nonent, the network Has to make a deci si on whet her
to provi degstbevwitk thondwork ghat adiheths e viatices Ghe Atctaand Ahbik linteVbees)
resources wll
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Second, iGSRL REtRE K 18 esutes pRoriéadMs Catkd! patRét @atdrEYn RAW tHIRE PSANS Bnd
want voice calls, the new users will not get service unless both UL

and DL relsumetesndarte andaificamp| wmotth efatibns, e sbidngmebikso statenss oul i Ise
wast ed. h It e |l s and
no servic n@ﬁeﬁsaﬁ?ﬁ%@«g?Iregeﬁ%[r@un%%aﬁgﬁé %ﬁ%ﬁ? \A%éqgf{llgsﬁ%\?gﬁ ‘%(ezlalb %Optt)edjt m
wast ed du@Skp dyaelnsof fopathiddngnbllation [ OSHBLniThtidd, syblgis e empldyass lhﬂgﬁi‘
for UEs working in nulti-tinmeslot_node to scan nei ghbor cells an
noni t or tEAYIdiAS and higlicc dyfa dates) FERASDYE dsria partis Genired YA ISGSM
[ 0006] Fl% Jushows a bl ock diagramof a transmtter 118 and a
receiver 0I'h a wirel ess communi cation system For the downli nk,

t he transi@0oljetThel I&laveayg biesueardre giresenb &s aodyad inetwork dFire.C eiove rrafimd

may be part of a wireless,. device (renote station).. For the up|ink,
the transiienids Sepiseded ™ PaR CAROIY 157 1%“§sth_8fé?\}ﬁ_é‘é‘}gh£ﬁ Sratboldta
150 may bt%rcﬂ%ﬁ%ut%cn fe BARAIIRL ADI Pihan On PRSEIREAUIINNME DIISRETE dgx%%l are

fixed station that conmunicates with the wreless devices an y
al so be refieymedtial d3or axople aBnolale starioh\(d$) Nothg IR eNodes iBlikelato be

access poi.nt A.wireless deyic e stationar r bil e and
may o s et 4PAP, afhidh S8 Fe i T IR 105 TR iSPiet Rl B feteR e,
equi prentgigi WERR te8o@EeH RINBNALL raf. Y AishAls ad tHeeARhRNE, @hdmBRlork &Bs to
access ternmnal, a station, etc. A wreless device may be a cellul ar
phone, a peksaddaisigh grhedier de prosudmeer(iPpm) 4 oa Svgatlerseysvetprier data call.
Wi rel ess ' | QF V] I ' ub ib ni.t,
S R & o R T e R
dat a procéfsodllskdl voreehNeseandept deessesin(ee. 9., formats, encodes,
and inter|l eaves) data and provi des coded data. A nodul ator 130

[0004] Sécond, 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



processi ng by nodul ator 130 and TX data processor 120, respectively,
at transmtter 110. [0009] Controllers/processors 140 and 180 direct
operation t transmtter 118 and receiver 150, respectively. Menories
142 and 18901 3ﬁf’ogram codes in the form of conputerPGbsromresand
data used by transmtter 118 and receiver 150, respectively. [0010]
FIG 2 shows a block diagramof a desi7gn of receiver unit 154 and
denodul ator. 160 at receiver 150 in FIG 1. Wthin receiver unit 154,
a recei ve EWIPRETIAGIBIEde daakecallyand eq egrvied cRFDs ngrl onathe offreoardietic |
and Q baseland asiiRlva il folsrpliag gp | b0 and Qob. Recei ve
chain 440 may perform | ow noise anpli ion, analog filtering,
quadr at ur el M@@Fﬂﬁéﬁ@‘ﬁdﬁ lesst tome Apr blﬁalwrgkmg -idi giltiatm S vEsdeelo {ADO)

442 digita I seb naI ) a sanmpling rate off,k*
and provi dlei&siéll%)rtcgﬁ and%%f& BQ %Hé‘ﬁ(‘i’[‘ E‘té‘foﬁ%a‘}daﬁéfoﬁﬂ%ﬂmﬁ isgues.

gener al, t HOOAD G5 a}mpsﬂomgi blatle dfagtim aﬁy tlafsrhigtbil BarfdOq Tr&@av%ry il fate
) inte ronon-inte ger factor. [0011]
dem)dul at or ﬂg%ﬁg «@ aﬁ%@é"‘é%r % hﬁ‘ﬂfé’f‘fl’é}(n‘he H?}@np?t%dé%ﬂam@e@artbﬁe I

and Q sanph Bssefsfaﬂam/hla@ &édrer FU renove
direct curpent &Dghe[ of frset . errtg%)é fr equeaﬁ?:f;el%%? ?@&&{é@%&ﬁo npat

filter 422MEuph trans@Eiep I B mpy berpat @ﬁqawaciesssbmcd{z}ﬁdbaﬁeﬂr o:m Iﬁay

parti cul ar pd pLOMYRY 0 V.

which are de%ot ed as 5}?@&1 %Ga%ﬁnﬁﬁ ﬁtéggﬁ*% ZQE%V ﬁiz?t gl?a?tc?f@m mﬁﬁﬁs Q

sanpl es t owghﬁf?r"éléﬂéﬁsﬁ ﬁa‘geess anéwlytaisn@efmffm&dﬂaas aawpak B en B IARGARE as
rfaorm sanpl e rate conversion,

vveI | as | e
e.g., f romr 2§§<é0\fer s%%s lm %lreié)? &@F%Hﬁﬁl Frigptiomry &t mopile tﬂéﬂ'

424 filtermay Iabmhapuferﬂed acmds @ x&ﬁﬂw Q&idnl @rﬁlbm@ugtat{dnl geﬂrse %ﬁl
anot her fr ei% resgonse a rovi des output | and |ch

are denote Ahé teyinal ey yemofestermipalgprrjaceoss t?faynatl;,ea $tatmnecte nted
with fini tmrelﬁisuﬂesiee RS PO BB 115 ;ﬁbné 'alpteFSE)ﬁal dﬁé}{al Nkl @Bﬂs@se reﬁégsonse

(11R) filters, or filters of other requenc spoHs
filters 42%8° %?Eeﬁﬁﬁlc%‘%m@ép@@ﬁle@vt% ad,‘lhn@wéi g@mzl: pewbativangst, a n
one desi grlaptbpgorfqglggug@cy response of filter 422 is fixed, and the
frequency reSfonse of filter 424 is configurable. [0012J An adjacent

channel i 08¢ eﬁﬁtéW@@n(fbﬁ\CJ_gS détaaanm(TMBdhtsx ﬁnfbetsg@slmh@cd%@ld%dlzﬂm@&%@

sanples fr f ect CT in the received nal
and provi d[g ? fblj“ﬁfg' ﬁ?qdaﬁé n(% ran?q A%F ap% provides cagsd dai Agnesiulatery
i ndi cat es l\&ﬁepd]’é]rmsrmmhﬂatﬁﬁTon ShPrcesRINtHa@dNghd blfOVRiré§Sde%dumg; g{ the

ACl is duqﬂ&g t.he {H&her F channel centered at +200 KHz an
| oner RE WPt L Ewlakﬂimmmsmﬁé@u@ﬁdﬁhﬂsi(}@g}ﬁiﬂh&eg of

filter 424hryrq3h§%e}ﬂd f | t r.i bed
bel ow, (ﬁégg%ves gojokzlggj (golr gngﬂcfgln g{]g&c?% %Aﬁggjatgglf?é e(}rlgbci’ieggé’?%PMZG
t

recei ves & aPeptnpue phascomeduldtive protdeb! amdrepes-POKNS a

equal i zat i 1%;1,91 ri c d ot .her ocessi ng
on these ggg]rr? Eg((r}hlgeljgarrg]l ‘?grgn%g%?rzenrlt/@é\f(g@(égﬂgl %quwﬁeléﬁ‘i%nt a
maxi mum | i2Re) fﬁﬁa@(ﬂds@qa@r@d&) tet mndtlaed (nSEind baterded &f MM ERdfated

sequence Qf,,sY nost | i ke to have been transmtted
gi ven a sg Sglnggﬁg? (&J‘ % ?‘?‘pﬁ“@eém%k ‘a channel estimate. [0014]

The G obal[ﬁ(@;‘lkﬂememwrl\/ﬂ)iﬂ | &n Garerhdi 162t [RBFes @V%nddﬁla?edv“sgﬁaﬁ@f?&ﬂ
standard in cehﬁr ]Ir@aﬂivm rel ess .conmuni cati on. enpl o
i

combi nat | SABY Pher BAnsitiers pratepps éfs;’spremme@ reaﬂdedZRE gigesiay
Dl vi si on Mibdchvat onit\EIBeR) (FDMbeil1unti184 BHEAIRSE (OF, ANGL! AGE 1o

spectrum resour ce. \GSM networks typi call'y operate=tn a
f r equency IBHRPEVErEsy theaieatyRdeRF ﬁlgrlalu@llglmks the roondiiiceedi stphal, GRMpRRRcs

conmonl y o m@m@a@&@ﬂ 312 b bi |
Station to Base Transceiver d|gsé)ctr81;h£?c %mrplcﬁc?\ﬁnqﬁcﬁ‘kccﬁgﬂﬂ‘ﬁ%h@aﬂvﬁs GSM
900 uses 9gBodEed\spia. ban@sel?ebe&?é) ditta pioOEBsd10] 70bdescs @kl @ithterleaves

and decodes) the demodulated data and provides decoded data. In general, the

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



i nformation such as voice, data, and/or control information. Exanples
of the nodul ati on schenes may include GvBK (Gaussi an M ni mum Shi ft
Keyi ng), %r%ﬁ 16 %SAM (Quadrature Anplitude Mdul ation) or Mary PSK
(Phase Shiftt %‘Pﬁ , Wwhere M=2 , with n being the nunbeCT/oS2008 076312
encoded within a synbol period for a specified nodul ati on schene.
GWBK, is a constant envel ope binary ul ati on schene all ow ng raw
transm ssion at.a maxi mfm rate of 270.83 kil obits per second (Kbps).
[0020] GSMPFCHIS i BAduister 134 apddBX daigairessssoer 99, cemectiolyg wetransmitter

hi gh-fi del illy. audi o and data services desire higher data throughput
rates due to increased demand on capacity to transfer both voice and
dat a servi M99 Eantrojlersdpracesenapddd ryd 180 aliGenercadtioRas kiginsRadh Q1$QRpYi ce

(GPRS), E . f vol uti on) and UMIS

( Uni vers a%ﬁ%ﬁ?@?’e gecc (@gn‘%wlg'n ?’%Ea]‘l%?lgs‘n g‘{zﬁ%{\% Ef%g? HREZM0edpsipdhfopn of
adopt ed i ncwntgwgﬁm.anﬂ{ﬂﬁ@h}ed@g?mnahiteaq:mndt?a@@i@r w,vgsg&t&%%é i's
a non-voic ice, It a information to be sent and receive
across a n&gﬁﬁgﬂtdezl %p‘ﬂ%ﬁé ?lgﬁ% lagiam &f o) Geheht & Cceivei undwl 34c hed
Dat a ( CSD) danetiuGher 160Me s&a8@er SRriMiKg. { S : FeES sane
nmodul at i onjlgcfherres as GSM GPRS _lal | ows @hl%%gg%rﬁir@i %Laarr\&};ﬁIg ar ?haél? ght

time slots) 1t OOFESHSEe 'r5ivad &Fnyensl pwbpiowides hrindQ lasclishe saame whiske.

Thus, hi ghge ddadtad L, t Real: g i e., [0022] The EDGE
standard uses both t ﬁg&g\%ﬁ me%ﬁigﬁgﬁ4g¢lﬂhgf%%%ﬂoéﬁeiWll%ﬁ?tg’&;

t he nmodul af128 fifprings amadretush dogechniersimbutest Ahoaratyesto-di@aPKnverter
modul ati ongg j inear -] evel phase nodul ation with 37t/8
rotation, S\hi??):_%{gﬁ?lzzeg t%oﬁfﬂlldn #%Se?%és%%ﬂéﬁ-%ﬂ wEpliRg e of reqarchcy
modul at i onprovideel end Qtseepkseshich areGdatteag W, 241400, US BodnbraBHM Gy be
approxi mat gd ‘t(‘fin Qata | i near n%g%il ation (bi .e., 2-level p%ase ‘modul at i on
with a n/27rot at i Brim MRS RG t© e yabet rataye by sny siteger etin@MBEgand

t he synbol fapiot.se of 8-PSK are identical. [0023] In GSM EDGE,
frequency ts.(FB) are sent regularly by the Base Station (BS) to
al | ow Mbbi ﬂ%‘@{%ﬂg{ttfﬂaﬁém@ﬂ)ﬂm 6005 ¢ mEhPrepdsse 42A gerfornoqat-poseising ah alie 1 LO)
to the BasgdSbaihees k6n ABt fr of fset estitmtion and
correction. 'I%%eseﬂbsﬁrsts cg%rzi sfg}gggés]ﬁqla’l eretl)(r)or?gsfw%éﬁgﬂla%&‘?(é?ﬁgﬁﬂ% to
an al | "0"Up&Y d¥d efkrtticmons Migqsequertse, cEheAal ihpaefierpayl Bads af. t he

frequency . L ¢ ( eguency signal, or a single tone

bur st .. V\he()lr%hllirp%E p%%?m%ﬂj?%c}e%}érggb oﬁ”ﬁ%d’é Srl%\ﬁlncéﬁ’l?rf E"F%{en‘a’cé@%ﬁsﬁgaftdhe
networ k, trfevideiope I shdiQisamplesinilfclcad demuQsITy 2500, 2 Fme?%ﬁﬁyﬁﬁgr st
froma Iisgg 91; Cﬁ@rrie s. Upon detecting a frequency burst, the

will estimatet SF‘F“BL?&@%E PE¥F dB3ses &psalting droppthiesamplang alADICr ¢Gussncy,

whi ch i's 6Well7asj@hinedsr @iter B82 GRAY hist herfdiesaVD -Gk Lo e, corr egled
using this esti o fre uencypoffgei:t. in omere-c(z))rq%nrtg)}%’,e‘%héom%&

te
frequency CFFEBR ETP VB 0asX RYeRrreRing ] A datHitter ¥4 filErsvthd Input T and Q
peri odi calshypwakRnt Phdue ibor e fr ency burst to maintain its
synchr oni zation in stﬂgn%{]#?)%g.agepnor[ ﬁgoqgefraﬁ%‘wn%{f@?mﬁém? PRy cy
of f set i s OWPUh] ADQierinple,00iddl avbideated avk)j hed Qgl.| Bii@fs 4elaphongsyar e

able to praVvj i enal . voice calls d.data calls. The denand
for both tb%*élggg’%ﬂ{%gﬁf@h @8%1 i ﬁ%*% T?SBOP%%F@SJ@F%|Héfé1ilwgmpht§¢ EBBPIHY

demands oilRpfilkos kordéfeacoftother Majouorke ﬂ’@@leﬁ(&ffe%p(ﬁ@gy cﬁsfﬁte}%ﬁ dalq\alifligﬁd by

i ncr easi ng thei L ctag)%ci EJZC Thicﬁ i s achieved for exanple i ng
or addi ng CEITSERE" HeHAEVadarhertirsnancsadrong dasizonthe fishiiahy rasporsases
har dwar e obAlta.42btis fiseddeni thalbsuchsy Je%@&%lf&?ﬁ%i@ légrg@?%l(%% W t hout

unduly in ing hardware costs, 'in particular to

unusual | yﬁ@?ééﬂﬁé@k@rﬂ%ﬁ@l igfigrieiepcertdiCY datacamtd30 sacetvesithe aput I and Q

i nternati endled ROMOBIL 4Bt LR j.or, fest.iv in which ny users

or subscribers who are [ocat é% &?fqh@ﬁgéhcsrﬁﬁwcﬁri}éélgﬁlsﬁn‘meé{ 283 the

net wor k af*(dredigatoreto fillkeA24 The ACI hefiwt@ Biyaintintes Shalhbosai@ @ i
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



[0029] In another enbodi nent, a cross-correlation ratio between the
different training sequence code and the existing connection's
traini ng se5MRNERswode is Tow. 9 [0030] In another enpegmggﬁ%ﬂmg
present patent application conprises an apparatus to produ S

and second signals sharing a channel, 4conprising a plurality of data
sources, whereby a plurality of data i S generat ed, at | east one
sequence genehal o filtay uig nyPldly técybé)t{ed% LRt Rt WRELERY o AqRLHEA 1Y
of training sequences is gexera urality o Iners, eac
havi ng a pelovaltd aghiok goaqurﬁlralanheat Ieast one out put wher ei n a first

2 second aPRA AT RRGREREEOERER GV oRe BPuT v el R MET AT

of said seadenefngebiaitaion, whehebyiltating, Qﬁﬁ:'&tuﬁﬂ%n&/bﬁbfhbﬂgro‘é@déiﬂtgrtﬁﬁ i's
conbi ned vvhth at | east one data to pr duce | east ne conbi ned
data, and BCFrSAPIS t EPT o atsarelifavisierta %t%rramw Hent ApTPEMER at
| east one jQliRstd, setttf@tt:@bgtmtakea (IS Thdt liefertREUh @écfatnd@!tftlgt/ata% ﬂ?a@tsd
conbi ned data using a first carrier frequency and first tine slot
and out putmosi lielyr gl havy bsen wignumitted given gnesquenck 66313nd| @ samptchend a
enbodi ment 4 .t he. s{?fn%l?f”t pat ent application conprises a base station
conpri sing a con processor, an antenna, a duplexer swtch
operably c[@ﬁhﬂt}c"ltlethabat Bgstbmsﬁr sttta}tlleoﬂommmtmaonsa((t@dkiiyar widegrtadend
oper abl y cgaﬁr @Lﬁ Eg exer .switc rbbgr@ fEI ver denpdul at or
operably cofihé ¢ 8 yetger H’ére CSTETYBPIEIORy MRIYA &FREC RN Bl r M d
de-i nt er | epWEionoeRiBR AcceSNTEM £ addFrédiendyeDRiNG MARRRAYBEqFDaN) t he
controll er_ processor, a base station controller |nterface oper abl'y
connect ed PhERETROsHfBRRg the sRseEwa srsoutse. opdmetraals ipislbeanprte n @

operably capiRetRddRcAdCHE&RE! ESY Eﬁmﬂé OfPSHfihk c%nﬁﬁtﬁﬁb%%ﬁ tGSM 900

nmodul at or operably connécted to the coder and interleaver,
transmitt eqonfReY v d radid gpestiopen Al W%Md@éizévdn@e(ﬂw@eln S$aatod to Base

transmtt gl%laﬁqi{m@od];&rr%ﬁ‘ﬁ% R AGD: gﬁ%ﬁ 00/ SQSU%SQ %@(':o et

connect ed meen er processor an anné
and de-i nt!mnﬂeébaeer statidnetormeaigie\satioge nbdtheahar, each dreqemey verd @rd&nﬁecbnd,

the transm tt dul ator. and the tr. fron end of t war e
e e e B, B R A n iR 12t R s Srar el 2RI
of data, whgmeignotube tHal@s0cMPNEELESandlfsese Qﬁhrﬂc 4nar19se1 890 o1 Rhds
| east one set of renpte stations, values of training sequence code

(cor r esponi@F HY dosvnink ke G SAGUIMIG) diviss thesCH¥-190fepeqtsm foubety |

and val Uesuﬁﬁﬁukcaﬁé%‘%)nhﬁﬁ %Hezm@ykﬁz[ Qfa%%anféﬂrﬁétﬁén&ego nfiifarty N@sM-850
applicability of resent net hod and apparatus w [l becone

appar ent flr39$nﬂt<h§2418fl dviHmgbads éDII g dpledr bt i86%-89¢ | MHmshandndor the
dr awi ngs. utild 688 UQ?E‘s tHQ??m%osf'f%‘B%%}Q%E 4S8 AELBleRg 1805-

descrlptlon an speC| iC exa Fcat g preferre
enbodi rrent&SOﬂVIthandw@nhédnwnlmke gl ven by way of V\D

2009/ 0363 / 008/ 0763 0 I tion o Si nce ,vari ous
changes aﬁ@ﬁﬁoéj Sﬁ(,cgt“?"(? N ‘{ P‘éc[)g?ﬁatsﬂfﬁ sa(?S?JBteorlﬂ Phigequency
i nvention oMahhcl RREGIER] Wmtuté nadldst OEguéaitl I[dh8shd Nubdder #ARFER Ebr
DESCRI PTI ON OF THE DRAW NGS [ 0033] The features, objects and

advant agesSX3mpieh ARFSVEAG B W P%Slmme%?@eapﬁzﬁ%ﬁt%pf‘ﬁwﬁt ABFCN

detail ed dgscr sSled \whan e ti-gn Wt h
t he accorrpdgnyl %gj%jrreg\sm &Zt&?{&%%%lgﬁggre 1 12 O\I\gmlg&g? Eygﬁalgzr% amﬁolf a
anelq

transmitt eare asspngd t@ i @U@SMFﬁ@u while ARTERS 582 bI88E Iarajasalgnahtoof a
receiver !etch gls%f %dl%t)@dg%: FJ@QIQ%QJe gtg%lt‘teis %ss? 12¥%BnE %S PL rr’gc))ree ngm%m in

and burst orna igure exa
a GSM syst&m;ucxﬁc@@BB}dﬁl guice fizqusicr issdivigéd fnﬁ@dghtapnceﬁaﬁt(ﬁhilch) ﬂrcdftboﬂ?cd

cel lul ar conmu nlc tjons system ]II QJUE' ure. shows .an .arr angenent
of cells vﬁ*? tgdpgﬁr gﬁﬁé‘%ﬂ& Eﬁﬁ% {}gtgaémg t ERAeUErY s gﬁﬁﬁs an
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



mul tiple access (TDMA) communi cations system [0041] Figure 8A shows
an apparatus for operating in a nultiple access comunication system
to produce first and second signals sharing a single channel;

[ 0042] Fi gﬂ‘@’@%’”@f?&&s an apparatus for operating in a MOTUP@aEEESS
comuni cation systemto produce first and second signals sharing a

si ngl e channel and using a conbi ner t o conbine fi rst agd second
nodul ated signals: .[0Q43] Figure 9 of the acconpanying drawings is a
fl owchart &F%é?%g}%%sgﬂrﬁ%ﬁf %ﬂthnd?falf@llnysﬁweaﬁpdﬁtatfwasthMessmeing of
Fi gures 8, id@nOm thd tiRk i LG LRV : Oﬁlﬂiﬂ:' ure

shgws an e;i&nlg e%b]odisrgg@t %m%g?a;%nn%t he]rrrés?hggﬂ%g%%lr! e Aolsalﬁ?sglﬁﬁﬁ% 9
woul d resi & thetraffe clymselsst ati on control ler; [0045]Figure 10B is a

i ' : d t b tatiogn )
cont ror 1 er WRBLRE GG Rpc SHERS 2 ARG e Yo B5sn i B e Yt po et i
aspect s i | GSM.rSomenignes hige felrosvtiok: siit @Aalbarst ﬂ}agt B@g&t&i %{tf&{:ﬁéﬂ@éab\%, tEf?ic}rl] N
' a storage
remor y. UbLYSUATAR B T BHES 6 A8 Tolthri FriainsaSacstedor BIEERIR feld er
(BSC) of aamkh udrdrpe6dGP). CBAd AnikY OF Shbold i ERR4R1s AU En %%%QR%ZRP

an exanpl e recei ver architecture for a renote station having

feature of PYRENPFRsrtrshickdes HSeyabplafenibetail] Gouohdmjiambldlcldh ovs
part of a GIMotyst %&t%ﬁj%tg%%cf Rridd St A ﬂgmgsag?aa Sar{lﬁ‘&rl]zferlcarrier frequency

are numbered and formed in groups of 26 or 51 TDMA 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 0 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 £, =13000/40 =270.8 kilo symbols/second (Ksps) and has a -3 dB

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



to two renote stations; [0050] Figure 15 shows a flowchart disclosing
the steps executed when using the conplinmentary training sequences of

t he prese and apparatus; 100511Figure 16 sho
station w F'%%gs Ware stored in nenory which may execn\?g%ugﬂlﬁﬁem%ods

di scl osed i n th| s patent application; ([ 0052] Figure 17 contains a test
result summary for |% FER when pa| ri ng | egacy training sequences with

training S ] r contains
a test reggg#Fzﬁnﬁggvﬁfér éﬂo Immm‘a|59ﬁﬁglegaégE$ éguwﬁ% %%ILB
TSCs; [ 0054fdre dar2e" , kdth banpﬂfeﬁmh‘l‘IEﬂGEblpsl @kodddentipak rsmgm@ﬁw fokrSCO
wi th | egacy 55] Fi gure |.s a performanc I when aLrlng
QCowr TSCPW\P? %Jﬂé%ﬂgy flrs ghieyne. | ég‘é%‘iﬂsgg canspaft ie§""§ I%eg%frynﬁﬁ datifngg
when pai 1 i RechCMEwilSedy Wahdinib £4PSYa fﬁgﬁﬁmm [ROS72 70 GUKi®bHAS pbiSseBond
performance plot when pairing QCOW TSC3 with |egacy TSC3;

[ 0058] Fi gukéP23 is a performance plot when pairing QCOMZ TSC4 with

! egacy%&%\(’]\ﬂ] L@%ﬁ% RREHER 6fsihiaftl DGES Q4TREE © HBLBYer MGR-RBE Mdio

and data services des1re 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.

[0022] 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 3%/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 lincar 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 (L.O) 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 tone 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



TSC5; [0060] Figure 25 is a perfornmance plot when pairing QCOM/ TSC6
W th Iegacy TSC6; [0061] Figure 26 is a perfornmance plot when pairing

QCowr TS %ﬁgacy TSC7; [0062] Figure 27 is a perp@ioR0ea7sHE10t
when pairi ng TSCO wi th | egacy TSCO 10063] Figure 28 is a
performance plot when pairing QCOM T8C | with legacy TSC I; 12

100641Figure 29 is a performance plot when pairing QCOMB TSC2 with
| | 2gacy L5 vd QOFRAL g#fé%ﬁg é[sﬁmateaeﬁ&ﬁ&ﬁ@nggsaw Bt pyhetoP@iciENthe

egacy ure 31 is_a perfornmance pl ot
when pair |frugu@©§a\ﬁfséﬁ$@ bevias hmble%t‘/y} T &E: The bEe7ipgiedisalbpwike yp to

ey o ToR) L R otk 3 Kb s,

| egacy standby mode, the frequency offset is within +2 KHz.
[6024] 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
increasing 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 cvents 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 frequencics 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 (ACI)
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 thesc 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.



TSC6; and [0069] Figure 34 is a performance plot when pairing QCOVB
TSC7 with | egacy TSC7; [0070]Figure 35 is a flowhart conprising
steps tak se station to identify MJRCS-capabi L} i

renot e stg{}fg%gﬁsgg [0071] Figure 36 is a flowhart con%#ﬁsﬁls%)gs@tﬁé%s
taken to signal training sequence inf?rrration to a renote station.
DETAI LED DESCRI PTI ON [0072] The detailed description set forth bel ow
in connection with 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 enbSUMBARY OF THEANVENTONSent invention can

be practic he term."exenpl ary" used throughout thi.s description
moans - ser 03 e G ninar. et Getepr rpher arpues B Bl o
not necessa@ntrbierP@omphisihg Uedofollpf PtRESBH DMAEMANUBYRRNS D\ila Biher
enbodi ments. The detail ed description includes specific details for

t he pur pos@eHPhHLEFVFEFh g eth drrotriHoldupess N dinfl gho Memeey, prhesen the

i nventi on. .JigwR% Sirecesior WolnmuARaRPRA B datiOnsNORIE trfeklh&h&g éuB%k{%ﬁ% iyt
that the present ‘i nvention may be practiced wi thout theSe specific
details. lssndane regestcandess, fonglalametansuto snd ionu thes mamdryd ewisgstem anmst
shown in b dj formin grder to avoid o ur i he concepts
of the pr egsogtﬁ‘ilgrﬁ gﬁ@%é\?ﬂgﬁ?ﬂw\ﬁ%s?ﬁ né’r\f%éerrgﬁélge E“Z“&Pfos“g ﬁ%’f’nc TR &
limts theatpesf@ensicef Gfa, wheelets daeteapkss vdlnesofl aiaetrhadrdica laan
take the formof .either int erfler e(rt}ce.f.r om nei %hbqri ng. cells on the
same frequiicyt Ok FFORAE Satiessy valygssyt fRlLRe SHHeHT: SuselgHBD siPhgumber,
frequenci emdaRikd6f SRR E@flencknown as ACT, al so discussed above. 13
[0074] Si nlglﬂe- antenna interference cancellation (SAIC) is used to
reduce Co-BfaHHB anptheeppbodimert. theqrgsentrpasens @ppigation caRPscPmspRcfnd
(3GPP) has; ' > G d .
Corbal 1| nt SR Sraa B BRRLCHR S Sh SR Phith e TRROC HRfRi
per f or mancgen¢BARPY firgt digssard beccohd datecgsngrting hdirstapiing seq@AhGE. anfiG075]

DARP i ncreases, network capacity. b | oyi.ng | ower re factors
Fur t her mor SO A nR suShR? Fuplipit A0 R e kel PRI Bipii o
oper at es afrofilve Ddisebmadiedr datQf combitaeitheesecofid aam@iEDiRusicat with thd t
suppresses adj acent - channel an(g co-.channel (lé{‘;} erference that djffer
f r om generSFOHgfatato P Secpd Porabings date. s a&a%ﬁvf Garmaas beifythe

standards fi§ @il dnd (ROQEIn Pondbifedl RASRIINIQRRNERRE fbQRhEY fd and
is an integral part of Rel-6 and |ater specs. The foll ow n% is a
descri pti ohsafe HippsIARProfues s andrygeord; tragpmitied sigaalp.gind using both of the

det ecti on/ depBdul AL QR if isa B tRRAotHR ¢ i

signal struct uge (ﬁln a jlacerigf1 celpﬁg;?‘r{) Sﬁ%&ﬁﬁ%&%&&?ﬁ%%ﬁ%& Hﬁlg?‘?\'/%? SH to
denodul at ebyorre befe g@wpral i nterference signals in addition to the

desired si +.JD s ability to.retrieve.interference signals allows
Cre Lo or 03 1nfofcfBinbodithely e Shtdefi Boute R BhEEHGY EFubi Bt 5
t o denodul iattiurgofsVEIK sbh@iakignald Pnad siagle achabeel;usRebristhgdrguhiat eneEDGE
signals. Blind | nté{ferer cancel l atign (BIL.C) is another nethod used

in DARP t 0" 0Bl Ht05a 1 TIe? BRI YAl AR thaBresset fanc deledn & ch3rag! no
know edge Riqubhs, §diEdiaE U Belima Bt FR RS fear idddeGiod N bisard Rah alRYisRe
received at the sane tine that the desired signal is received. Since
t he recei veomeciopfif et iy arol an gnpsed timeoslefrpp thajcheast fredigneielselecting a

interferer S i, Nt i

component  atreizREiifd Al ShiCRIeahd (HRBEERT: hAP kL (LR for e
carrier bynavheorBe@iomst HediseBli®eisbot mpshe efdedtfroqgeewiyens bemdsefeoted for
GQVBK- m)dultﬁt ed sgﬁe}fc. nd, dat a, st%vi. es and gan b& useg t}1n d traini
asynchr onolg "REFREIRLON PoE%6]Y A CEPAbTIE /By 85188 get g ¢ raming
equal i zer / ggi@ect o6ded 264,aD5 tihhe parRsEmt sloed 12ash A8 chredghanall 8qahsp411

performs CCl cancel]ation prior to equalization, detection, etc.
Equal i zer/IBé‘tSé‘@f’G?ﬁE)QBHq Q?Sg?t@ﬂﬂne“f' provi des denpdul ated data CCl

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

sequence code and the existing connection’s training scquence code is low.



[0078] Signals carrying, for exanple, voice data are transferred
bet ween each of the renpte stations 123 - 127 and ot her renote
stations - by nmeans of the base station contro }i 41-144
under the%%g%({o?/%%zsgf the nobile switching centres 151,1) 'E/@ﬁzogis/&‘m}é
Al ternatively, signals carrying, for gxanple, voice data are
transferred between each of the renpte stations 123 - 127 and ot her

conmmuni cat equi.pment. af o . co iLcations networks via the
pubt ¢ swi PRI B el Ok PSR G Tt B SRS e edeiifone
net wor k 163 pabduowsirst ahd Sedoad bignale whetlg hethamed, dohprisipial @uaktyl dfl dafa
system 100 and ot her, co ication systens. Such other systens

i ncl ude ot“ﬁ@lfceﬁn‘?ﬁ}ﬁr‘é’yc*ém@ﬁ}[ Oéﬁdﬁﬁuﬁig?é?rflﬁﬂsatslﬁﬁté’ﬁ‘ﬁ SEFNET SERSFHeT ent
types and 1oz Qr fHAGtytd? odipﬁfs%ﬁ&&tgsé AneReyAsE tra Q07 Hqu&redis k&SR
stations 123 - 127 can be serviced by any one of a nunber of base
stations Ilwality1af combinern eaghdewing tsaplunhityl 2 innasetndest lsaitiong ®itpptal
transmtt i i i .tted
by noar by SRCEr T Elaap R trElaBl) Qfinecidh Blq S HIE R SO AERTRY S
ot her r enokeeorslt eftsaminiapd? s ofcddBP Forfkeed to emgothsidbutpite oflsfifl aequmhce

signals frombase stations 110 111, 114 are periodically neasured by
She Perot STRARR SRl S e bR b g e SaRBheg iR g s PREGHES

si gnal fr osoducaaslchyt chasembihed 4 ahd @, traddrlittePREAITEST BAViNOFluraliRase

t hat of the servi ng base station 114, then the nobile swtchin

g .
centre 15278 €04 §T heRleORhBURA BBy Joc SrRITIER TROUIBEE Siaduiae said
serving baggbhicat danudhs AhksE ca&ief%guéney% R8TV HRAY HBRSGoS kil bﬁ’cBut% 14
becone a non-serving base station and handovers the signal to the
near by basdugliytif spdulnted sighaldlover refers to the nethod of
transferri i i 0 .
connect ed e Hhana TR olal oA By U ARR: T B i
conmmuni catdopipsising st @nollar pddessoe SOLANEEsa, ar dipthixvi getthi apeably coundeerd of

channel s. Each, active connection.(fqr examle voice call) |s

P oost o T BaPEE et SoRaRm el Sttt AL S acally ErrBRat i e dblesncy
for the dawiichikresdigitalemoddiatol sty tdnaektyottherebeis@ finabid B cAakdel
111, 114 to a reg?te,station 123 - 127 and received by the renote

station 125041379 dgnrfercayAaRREIO N 4RANTE A i Hiet Teediyardepmdpiator and the
frequency doirolidiSprfisiddka Ha@ghitidd balRMet LRERY JpRALIEMRLEtSd & kipn
123 - 127 to the 'base station 110, 111, 114 and recei'ved by the base
station 1l1@niralier pracesyor, Frveddrr agumirticesr faperaibwedninpited tad theptantioller
signal s ar f i I S| s.transm ssion_ and
reception Fg?l%s{og’nar g%@zﬁ%%ced}i gag?rgd 8% e‘“lto\i\%éé%e%{} rggllrrlgs‘fr(%dte %nﬁfegﬁ%eg’%and
t he recei venhsmitgnalost atd rhbdule eprvibdy stratettot betmved? Said tridsmiadr hbdulhase

station 110,, 111 14, 82 t hod for cell ul systens to
provi de act s%‘et%‘p#é‘ﬁﬂ/ S%ig‘%]"s; id@a?ﬁ‘@qﬁ%q’i% Y rcgﬁléeé.yedla:ﬁfﬁﬁ’%/eél @eo?onttrﬁger
acconpanyipigcediorwhi gt Shang detodRf bangemiicard, Gelrt&iven demelldtey, ate
communi cati ons systemthat uses frequency reuse. This particul ar

exanpl e hd§“@d"¥e Paettor MgPsmitte moghlatR andpihesirpmitier clegnt sendggnd
frequenci e fwiRAkoRE & el Hidthory NEhddin| 18 HARRE] ESmAYal hekhe ohgliag?e base
station are allocated to the base station's four sites |labeled A - D
i 11 ustrat edftd, where@ the dafgempsisesevaluss @f ¢ ipdathetontfer at igasteonseet off wmoter
cells). St e A e n i Jocated.t.0o each of the
hreo seot BB sftng b EC ORI o FE Tl 3EFIRY
sect ors/ sialwes bbimd slet tmesherad ealief dfathente! fre@guenci es. The frequency
reuse patt r ats itself aft.er .the fourth cell. FI 6 .

T ust at SOOBHETEGE, Siope SEui Seligtake Bt Bepivso it il stk i on
110 bel ongsecdfic cpbdreds, fib@ASLieSloBbwg ddtdiicdedRBGRichO chghd, Bd BadMgs.
station 111 belongs to cell C and so on. Base station 110 has a

servi ce ar'd@versy it shaplddpamndersioogihahths detaderhdessiptipnaad speHic ox3mplad

while indicating preferred embodiments of the invention, are given by way of



18 [0089] As stated above, with DARP the renote station 123 - 127 of
the present nethod and apparatus is able to use the sequence to

di stingui %50.%03%% nal transmitted to it by the base spafiy@oskktsrz

111, 114 serving e renote station 123 - 127 from ot her unwante
signals transmtted by non-serving bage stations 110, 111, 114 of
other cells. This holds true so long as the received anplitudes or

power | ev . u i r : l.ati.ve
to the angllﬁstt%g%& of 7t %@Wé‘ﬁ? ‘é%&%ﬁgéﬁgﬁ“.g @h@ﬁﬁﬁ%ﬁ% Bg?%%grﬁse{ngasgéﬂgause
i nt er f er endfehd invénhien walhbedneiagpakntité thobeskilkealve thermpl. | t udes above this
threshold. In addition, the threshold can vary according to the
capability of the renote station's 123 - 127 receiver. The

interfering signal an@RIE® DESCRERTION OFRTHED)RAMWINGS can arrive at
the renote station's 123 - 127 receiver contenporaneously if, for
exanpl e, tIABYilgRafesureponrbict adr ‘W’W&}a%ﬁo"fn@ﬁ-@@?V‘Pﬂg“@aggog‘t@a{‘lpﬁns
110, 111, %)éérﬁmrﬁ’ et Rl BedclipRonSdeP forth Meloh ARG Makdd A GonLRARR hvith

Ref erring ain to Figure 5, at renote station 124, transm ssions
from base th¢ atcomparyi drewingenot e station 125 can interfere with

transm ssi fro e [ ] ' 124 (the path
of the i nt@??ﬂri ng?ggﬁ%énsgﬁ&ghlg\f/\uﬁgké&égglgﬁ%%%{g%@tﬁ?%%% %@g%%‘l larly, IOat
renot e st adds] 12Bigtrednsuoivs aiblink dfagom bixsecstaninoand 4 derhatulatenot e

station 1 nipterfere with transm ssio from station 110
for renot éﬁgf(gtl ohBY5 LPHS SFARme %?‘mF ﬁ‘éﬂ"ﬁ%@f’wgﬁ 1ﬁ‘?sg\?}gnal shown by
dotted arr@esA82) FiguRaNéhBas en staiplOspetian sd CEM¢siehe signal Renote
station 1 receiving the signal Channel fregquency of the signal Renote

station 2 0838lwhi Elgukena isi §rianplilicdDERFASTIHNION; /b as pebluler Tegmuginiqagigns
signal Tr agé,ggeglg sequence code (TSC) of the signal Received power

| evel at renote station 1 Signal category 1
[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 systerm;

[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 base 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 system.
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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;

[0053] Figure 18 contains a test result summary for 1% FER when pairing legacy
TSCs with QCOMSE TSCs;

10054] 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
TSC1;

[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 TSCS with legacy
TSCS5;

[0060] Figure 25 is a performance plot when pairing QCOM7 TSC6 with legacy
TSCG;

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

[0062] Figure 27 is a performance plot when pairing QCOMS8 TSCO with legacy
TSCO;

[0063] Figure 28 is a performance plot when pairing QCOMS8 TSC1 with legacy
TSC1;
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[0064] Figure 29 is a performance plot when pairing QCOMSE TSC2 with legacy

TSC2;

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

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

10067] Figure 32 is a performance plot when pairing QCOMS8 TSC35 with legacy
TSCS;

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

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

[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 due to other users limits the performance of wireless 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.
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[0074] Single-antenna interference cancellation (SAIC) is used to reduce Co-Channel
Interference (CCI), The 3G Partnership Project (3GPP) has standardized SAIC
performance. SAIC is a method used to combat interference. The 3GPP adopted
downlink advanced receiver performance (DARP) to describe the receiver that applies
SAIC.

[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, etc.
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 {e.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. Figure 5 of the accompanying drawings shows



19 100911 Table 1 shows exanpl e values of paraneters for signals
transmtted by the two base stations 110 and 114 illustrated in

Fi gure 6. mation in rows 3 and 4 of Table 1 show that for
renot e sté’wg%b@%%gboth a wanted signal froma first b§§£/U§%0£§f973ﬁ12114
and an unwanted interferer signal froma second base station 110 and
intended for renote station 125 are received and the two received

si gnal s have. t ne_channel .and.,sim | ar | evel s (-82dBm and
-81dBm r esh&CHH %5?)7 pre%f'%“?’érolff Cefnﬁlsar Cﬁm“ﬁff\té\f%lﬁ ?yﬁter\}\éo'gaﬁnﬁ’St?ms how
that for remi8estadt s@tonk250p0tmna 1WaaheE tbniit@stadionk MM el Becomehdase

station 110 _and an unwant eﬂ interferer signal fromthe first base
station 11%7art#ss sebeentolers ddhin Kaachio igpte pimnals t@ andlem ylegdiffagnt he

two recei viehold @RS 1haveThERANR &Jﬁ%f‘@f Ptk SRR hAes] 8yel s
(-80dBm and -79dBm r especti vel [ 0092] Each renote station 124, 125

t hus recei Vissmp@itchsvetolastasaitresi ﬁal52a¢rd camnegieddnt aublimsvatched tlepbpemal

that have aibicbs ?ﬂ‘é‘%z'_ﬁl‘{ﬁd 2 RO U e0F -39 8 SLALONG rdddhela 10

on the sane cha con enporaneous y cause WO signal s
arrive on mblalesdunizesg lmaanyé]xedamemsnddva:es ﬁxm/\seirelbsa\dehses dapehyie biﬁtaﬁﬁlﬁ@r e

of 't he- varties Ghanae TRy aS BT Bus o dhis R e lAhel i nrer for ance.

di scussed [@bweﬁlgzﬁ@@&%ﬂyu@@mmb@nmbe 4 @feftﬁ{nﬁﬂéﬁ'@d BB WebEedthlf gt ed
to a greater extent than previously possible, by the use of DARP

enabl ed r &iWBOE Hitions dAd - 195 a0d qther reE’é?éeeg@iO&ﬁ |1%$1s 121 by mepas ofi the basey
base stati Qﬂlcﬁo&ﬁlﬁgﬁé@ r1§1 NEY un&ézthe ik g Jrane éﬁ%ﬁ& Ig Fhlﬂr%genn]eg']iﬂ 114

may be capable of sinultaneously receiving an
co- channel 158 giamativedy,i sigpalsi ity ag. foowssmplevealics, dapare talmf@msi b@wmne

?I_L?tsl E))RSRP c.zcaglﬁ) ggﬁ%7reﬁl8tehs@é{%ns 9¥3 rz%gl%aotgh%%@:mmusﬁégn{pr? [ edudl n? b f(%té\eim as

single ant@mmmmlemf mammkevraah@palﬂhatswacheﬁﬂ&éﬁ)oneneth/ysrmnﬁans‘hefpuahc

met hod known ant enn rfer nce cancel | ati on (DA1C). [.0094]
The ecer vatedrd fiophom ieRiart 167 pis TS fobd G o heet B e celidlar
denodul at esygteitia DHE én b@RA ombiuhRaticR) g@temag SUEhUGNEN 8@ S AnA B@N B@kr
signal even when the anplitude of the received unwant ed co-channel

si gnal is BP9 eRllUbF cRMgRBIcationinsystaes 408 afditierews typereaifasrnéming fral .
The DARP fgatidhesRnigs better when the anplitudes of the received
co-channel signals are simlar. This situation wuld typically occur
i n existi n@08yitashwf savate a@ﬂ@l\ﬂ%otu?@an berproigéchlgy at’ryeorprcrfaemtmbﬁebﬁlod

and appar n, ea t |ons 1

conmuni catq% R Stawtﬁ 18 E?If er en‘%eqerﬂgtet‘;’gag}gﬁs} tyone %‘E)th alsﬁnal f.{_a[quqt%d
near a celby bmwndmgybaswmnen tlih¢ apdikigndl Qmmmfted)hy asaby hasecrsihatbagn
110, 111, ¢ tatl on 123 - 127 ar imlar. [0095] A
renot e stasgf‘éIt (‘ljb(g%r '%gnfeﬂg? ‘i°§erh89th§A’1'§F“°§’asﬁ%H?I“§?25§y contrast, nay
only denodgbgdierich@rengit oF tsd gifidtent kighdie fomBakaghiers ehannel 114 arc_
interferer sjgnal has an anplitude, or power |evel, |ower than th

anpl i t ude RSFiofiallymarwEddygharemofgsteing le’%féaﬁ%r@ortﬁd torRSC b |1 diwesicc. Eﬁ/
| east 8dB.ydh nE}ABE’mC@B@é}L bﬁ&@ﬁtﬁ)ﬂsfﬁ){ e b%grﬁnes %1%?1 aflaif Bl %{“(ﬂ%e
tolerate a nuc i tude co-channel atlvetot e
want ed si geeEding bh‘@nst@m i e thamtheemsbiket S\mchmcﬁn’rrtsznmts frawiakg tIBARP
capabi | ity hO036) (TN FIDGHARTEL SLOLENEL S06S LG Laiouks e

rati o between or'a
unwant ed sbage\aﬂasomxpcr b&;@ﬁ& d nordBrvihg) bﬁn&e;tzeboarmﬂ elandd%erscth)e sipadinglthe

interference ratio could be, for ex py t power

ovel  of TGl ey E OV o AR HO BRI SO he
co- channel oriaftoRpbigs e4il £:6h oHVRAhE Ebnilc@Aab he cbit RARILES aBRAP! €, the
ratio may be +6dB %mhereb the power |evel of the wanted S|§nal is 6

dB hi gher ©B8H 1nkellyerteebilespamuzications sysewmpaagieresonrcey #1e disideddnto a

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

particular channcl having a particular channel frequency for the downlink signal



[ 00102] DARP, when used along with the present nethod and appar at us,
theref ore enabl es a GSM network to use a co-channel already in use
(i.e., M@E%%\ is already in use) to serve additional use

In one ex 084 ARFON can be used for two users fBFTleé?qOS"Wéf‘é
(FR) speech and 4 for half-rate (HR eech. It is also possible to
serve the third or even fourth user i the Mss have excel |l ent DARP
performan

on 1 ho sargprge 57 ¢ ReSriaRaridd: nhfat € inalfaifon 12 008, e

si gnal on febdvalasethe akhbte statius 1Dy - a2 dildes @ﬁhn@hﬁﬁlﬂg%mamwia@@ﬂaﬂnel
assigns the sane traffic channel (the same ARFCN and tineslot that is

in use) tofEWENYHAT theowlink pagual (}E‘diﬂﬁﬁlﬁﬁd &y the Feappite Faiion Thk—Jav @ shear e
modul at ed wikt Rratie 146, N 194 980 YEARRA ﬂhe%qgwgw&mtlhg T§§ The
accordi nglfy A DARP capab e Vb my d ct the wanted or desi

si gnal . rgqgrepraesspbilawn! ok add uplik Stlgﬂaiscﬁreﬁﬁenf differeht, trselosy stmuhmoaane
way as th r. 31F f
ncsompany! g Hruaf AL RERARH TR Sl ot PR R e el o
access contrinéceved eignsly at emrbmotpthme;r fik3 st12and tisclenadagogned, 911,
sharing a Isll ngl e channel. A first data source 401 and a second data
source 402 (for a first and a second renote station 123 - 127)
produce fipes2]dan@ibddonde3aGIREMSa prodife dcbdss kd ARRTSSEE Airedency
sequence generat or 403 enerates a first sequence 404 and a second
sequence 48%e- Kigurg §tof dbspcrepanying dunbigssbownen prprgemeatoberlls noy
W th the fldistr 48dmdala ond
conbi ner 4067 cle |rr?gs{ct héqussg%gﬂgﬁ%e&%ge%%&ﬁgm %hﬁﬁigalég@%rnﬁ %‘gf a
425 to prduacaessdesior efohbl, n@dcfdeama?set@@ﬁl cpi(DsOlIZOﬂ@cIDhecwa r Bltat awdnsmaﬁond

combi ned [- transmtte d

nodul at i ngtﬂ%ﬁ? %gﬁ]ﬁené\‘%?a %1ﬁbfeg'8 %’%gﬁsgesgaén “Cot at%%toggf:§ Osga“oﬂ@ 0ﬁ%l ng
a first cadites enbelfed eﬂquemqiymﬁrar&d andlG 4 i Esh sﬁﬂeﬁEdﬁzﬁdh’d idtdAhret Redtdik Sor
exanpl e, (o uenc ene ted by an oscillator 421,
The trans rﬁeﬁf)er t ﬁ‘iloé%%' aé’uf’%%ga&l”ﬁg‘fylﬁ Omdpﬁaﬂ i‘g‘@HﬁFe EEPHAd a
second nodidtRbed sﬁé@i&aﬂhaﬁﬂﬂoﬂ e 32 REctbrs R beRtd HbFor 4 Qﬁesﬁﬁa\fer Afttrefnd

processes the first_and second nodul ated signals 413, ﬁ
upconver t i FGUEMETH Fisnipsaeyaisse prtam RPety dealloafior é’@ﬁJ&ﬂéﬂ})Cﬁ rE§uédncy.
The unconviy tehs $hd Bk [
are respec}tl veI; trgﬁse?n‘ln '?t glé%:ﬂé%toﬁl ?ﬂ%@?@gwgﬁ Qg‘efg%r%éwrﬂr)g{?g%%{bed
si gnal s neoglibs Mﬁﬂmﬂli‘?nbeéongerﬁdabﬁbB basr:(statlt)m lbbbdgngsrtamsm(l greicso The
conbi ner 2 r.t .of either,t.h tr.an t.er nodul at.or 410 or
Che RE 1 oft By Bt adonfle B A Bal S ANER S SRR R a0
provi des rBansdRé0 of sdimen bdsé ngtisrze ]¢@.ﬁdi)ll naedaslﬁdcf:sély Fgng@eseishsIngnal s
by radiati]& . This is illustrated in FIG 88. 80106]Flgure 9 of the
acconpanyi 3 °nigs 8o REWESTHEENSE it ATeaS i 1KY EINESsidnaioNe-u Sesdness
operating 1h§érf@reﬂua| lolf Pdi ghalC BESRe® WA NELAL EQN i$%Eb&RE @ Rt OGRUERanhbir St
and second signals sharing a single channel shown in Figures 8A and
88. The netdiGigse Migeseash| Eraenaygmay paPROrconaPT &vahabInnelsesurbribyt and
a particulg Eﬁt%%l@ér%ﬂ & '
transmt tojag pluralit b ?ed?deﬁrr%%gt %%nglcg%géﬁ%qu%ﬁ?Y%V&gﬁﬁg o}
di fferent thﬁazrmmwga@@qmenueusmhmmegﬁeﬂ ffeqnengi&s. hBaermlenslﬂ@tm@chus’b% -
127. Thus 4d.n one xecuted n,t he
station coflﬁ ? i%ﬁcncisﬂgcﬁﬁlonaﬁetphe?mé’ﬁ nguﬁnﬁi% fzhﬁllij Egiorbe
execut ed |d@nambmen§tvathl eefholel Otatidrk1] 251ikAits [saﬂib%}éiotioovvsnﬂﬂatrtye bgdear t
deci.sion is de in step 502 as to whether to

of the net hod ,
set up a ﬁ&ﬁ%iﬂ%éeﬁ%ﬁe B chanple fﬂ@ﬂ%ﬁéﬂeem &% By gemprsing fraqpanciged a

renmote st akj Bnd28 o cddfunichictdh RASWRNatiofs N3 intiReRriherdeidoshn@ves
back to the start block 501 and the steps above are repeated. \Wen

t he answeroh sThemasca gefiady by drifebarie2S0sosieins e fquresiie irgpept mugtkms 0Bca

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

thc communications system 100. It may be 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 tj Anot her criterion mght be that the TSC is not
used on thgﬁg%ﬁéﬁﬁ%ﬁ by a nearby cell or sector. The me CHEG2Y0R&1p312
noves back to the start block 501 andiéhe st eps above are repeated.

[ 00110] Fi gure 10A of the acconpanyi ng draw ngs shows an exanpl e
wherein the nethod descrd hed, by Figure 9 would reside in the base
Stat on coRERBIa BPeBoRAANER? A5t SRR RIER Tt o TBmoB0Y S ELPae
control | erthpi esessbd 1obfBunabs ofBRBidcisybGYSham 650. The steps of the
met hod may_be stored in software 680 in nenory 685 in nenory

subsyst em B883] &y staied phaveswith waye &g cprchERBpCH B5divided gsipg TOMA.
control | erTpRACES: ; b4 el - : I Ryd:
base station co%t rsrg]iﬁlnglr@gg%eg% teé\?&lé\nuem%iéﬁég E%%‘é’tg ﬁ%r‘mg?gggué‘%/%ﬂ%?f”g ﬁgﬁt"}lke
processor [DBP), caeh ¢avicstfrrgnenicy insegokntad mdovintarvalThadled dwmest Badhareme

controll er; [ : . i i i cent 610. an
P90 to busdidel PuiRORagE ettt QoRlid CRMIM RN & lfilRRr

[ 00111] Shoiww #iplithinme sieen Mius eizhy sdneeouGbOtiat lopafotrs oaé TDIM & dratabligs of
data 651, 652, .65 4@% tabl e of data stores values of a paraneter
for a set DFUPIRRIE-TPdS ons 123, 124 indicated by the col um | abel ed

MS. Tabl e 3984|A @hgsica¥ dhats] &fcupiebid HBle SRAVEMGERATRmeTGPL Darbitdlar
stores values for tine slot nunmber TS. Tabl e 653 stores val ues of

channel frigeentyy ther DMA Eamepel 2 pptieelpnsasder irguenaare awnbgedeadnt a
could alt i o) : el j I e
o sever al LAl M ARG FlORMROLES sBulWinkh ofth TRAT, MPhoRlnduE S8R
10A. [ 0011guchi yepediviso frade dissdTDEED assignment casttsteyioae damarekslss G0

w th nmenor m 650. in_order.to nd and. recei.ve val ues for

par et or S ERLMERRS nk dud AFE h Be oGy AR RS o iRl or
660 are cowithipkdalftyofichoresstdtivat 12 hell Mtiesing dittsehi BRghGltirh©sige Mehat e
an access grant co d, a functio 62 to send an access grant
command tog_sa‘nglﬁ§ga mﬁﬁ?%ﬁ“‘@?o‘?‘s 8"3@? 9N the 416, Pfsdﬁp%ééertqgl‘?@@}‘tef die a
traffic ass.epeentiriRssAes radifit on tHeNClsi8r 684y fr8ms 8NFedhehdyofi f While
assi gnment nmessage to a base station 620, 630 or 640. Thesé functions

may be exet&icend T MRYSHIERIE B8G sUerfveR fimwelfregsncy 2. During
[00113] Wthi.R dﬁﬁrﬂfiﬁlpmé‘l%rs%cﬁ,r REGS50% £hGn 195 wel?ﬁ}é’“g‘%!}& éc@es{s h? DRRR a

1
station controller 60 ere nmay al so be a power” contro unction
665 t o contigmll tresenifhesinesr thieebags stegfonal 18 ghlall 14 pachdurirtgteadh bylik thas got

i 62 0 . 0 4] 1 b reci hat. th
Fuoct | ons Br ot lon i 10T Ll BRA%GARREECS HEfil N Bhigbd g

menory subeysteenatinOl 28ndl 270The ohdn@el for osemanicatiflo a2holsiudidionl 199 —
reside in e nmobil e switching centre §10. Equal one or_al] of the
funct1ons [dbiy tErises it AGepuEeY 370 b e Slof aoﬁgkfﬁmﬁem@wa@béhe
coul d equattafnddeiol doBithfi®oatiBn A9€a WYasd RiaBoPf11029€1,ST 84 i8R Opoth30 Or
640. [00115]Figure 10B is a flowhart disclosing the steps executed

by the bas@CBICRtyianA ademsidl | er 600. When all ocating a channel to a
renot e st afy : e i 2 . e _when
the r oot o UE e 7o StnisCalexdrie sl B Mictide 1608 (ISHRIGory
640 wi shi ngultiplesasreass CEDVIE sosmmirecasibag syofeml 23 bast thtior i d$ transnetpudast
nmessage tositnhasibaass% 1§tati0 n.g er}tcfpl lee[056 f%: .a gEang{gl a si%{l nt.
Cont r ol | er o8 sSAEED O BEBRFEEBE VW™ b & Reflie &g %rsoélzyeo %} ep
602 vi a dadeaobtesnob Qaticheti@B M 19 ant feach sigwil Going e&lelved at te laa@und €tall |

the answer is NO .th t he t hod noves, back to the start block 601
and t he st‘@B’é’tea%H{Pé‘SgE% T @ier‘?ﬁf@a.rawe?f the, Frangraitied sigaals ddie pagg fation

connect i ony Sietraddfits Salll Mot di@a@usid€Rtsi Sh Bh AOKcHQB ci?anﬂacifrﬁueﬁbﬂ spgmde
as to whether there is an unused channel (i.e. an unused tine sl ot
for any ch@dawle. # feyaenety ptatiog 13 might pe allgraigd gfust timadots) oid asecendised

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 exanple
infornati&%pghgﬁgsghe current allocation of time sIotsPSTHEF@Wﬁ%ﬁ@
sequences or both, and whet her renDte,;tations 123, 124 have DARP
capability. Controller processor 660 %hen generates a conmand (661 or

663) and s s the co nd (6 or, 664) to .the base station 620 to
assign a Cﬁﬁﬂ%qqumcgg%}o(ti ?ﬁéﬁng Itlaflsréﬁ‘oa f‘g%ﬁ? ﬁ‘?"ﬁge SERUL W Yalie
remote st atdcaduribg imeldh@ Bt MOdedubid JTANRSIHBGE. TR TiREaRt @téndleRible 601
and the steps above are repeated. 26 [00118]Figure 11 of the

acconpanyi SRi8F adihnkd BRokve HEingl beir aespeqtiyagine slatsad ek of ttimd gt
620, 920. Bas&cSB! QB G L Widnls fidth B BEE s28dn GPAMHL 9%%(%@ statibids
communi cations [ink 950, with a base station controller )

Comuni cat 1290424 iraksnobggmily ket thhebase statien tlbdeingrcoarefonting kinfeoslots 3

exanpl e. t r 0 60 cO icates w t.h, and _control Vi a
dat a bus %@,Sr&éfcng‘{ S\}@rs @%ﬁ%%%]e%f %eg@ﬁ%ﬁ%ga%%edse%h-{at glﬁg'qersg%iﬁ]r?qeer
conponent shad2stati@?B 4 tandn @A (anCoiRtre@bieatatiphO TRIS $TF 103662160 BDURI FREES
via data bus. 980 wi th BSC i nt erIac 921. The data bus 970 could
conpri se j ORI FRRECHI0 BE PRI SIOHIPE Hs TaRAteSHECR b pat 1A tansmitEgh | y
bi - di r ect i @pBhse slab ] MpescefeP3and 980 coul d be the same bus.

100119] I'n one exanple, a nessage requesting grant of a channel is
recei ved flOBBRIaerBcding it tie of Sransmipand pecgive dledslowos ishaweds time

radi at ed sj;goal &kl ti - and d s ot . exer
oi toh 928 ke Spienap TH WARMAhFRRALATHBE hichs' BBk R IR
swi t ch 926opetptiphetorogomiay diffefentinstareed of@dewhi ch condi ti ons the si gnal

f f - ing, . filtering. |i fyi .
The recer dersHavdis Seod58 e aERRAG L St v narteef B P e
out put s t heatidanodyl At et sadythalreroteGhdionab3 dagpde o clameniseikéerver

922 whi ch decodes and de-ipter) eaves the denpdul ated signal and
out put s t HEOSEE 124 103! GORTRIS IoBn ATREFS & 137 GRBRNBFABEOb TRt o Dpis:

processor @6fndap] Mas1f4 M hbem@s hiid D30l WARNPBARAGENJCAESSL NT
grant of a channel. Controller processor 960 sends the nessage via

base st at i ¥#loadnPr DIll EH psss defepisolghannehtossehd geths remoto Atatemi 3201 1287
600. The ha; at.l t . . or

grant . a chauhaleFoRp L Hah ciorby Dodd BRCTSRer BB ilot U0t o
t oget her vdegqlennesithe basswiatiohil hgy Idént MewBlliGe t¢ @Ods20] Basgndttatheommote
controller 0] n t d ds _access grant c nds, .and_at her
di gi tal cos%%’ﬁilggf Toh 1 1%§%P19fr?‘8’f“ﬁi58‘1%eg?“?8 o SpaRisRT Tsis
124, for exkmwresdga&icywhith isnessages in kaidddlinl Mk il de &f Yeky in slot
comuni cati ons |link 950. The signals are then sent via data bus 980
to control P4t processor 960. Controller processor 960 outputs signals
for renot qoas@tiHRNSqAdes &@AstPb§ UheFend sthfibi i 2L AT (P20 ARt Bs:
coded and interl eaved signals then gﬁss to transmtter nodul ator 928.
It can be deers! fegspdetipepuveich yawaickbheitetimeetogedree dtersirgiralfion efhert t o
transm tt%‘rectgﬁdb'lj &l ,r ar?d’z%o sgr?cﬁrbr%iegtrﬁ lreEnB{g?. &at{o%@%e%ei%%ra{o' 81@ 162e"1g’ed124'
These several signals can be conbined wthin transmtter no arat or
928 to prowinde dheserbnatieds meduer@tect by gnatjudiaw which iapadt @F denpmpent s

as shown in Figur However the.conbjning.of .the several signals
Cout d al t SHGRTVERy TBL R b RRSTUIAET TROMITRUNG ongHE B fardmicd
transm tt efaidingséquend sipdlilsen@Rflecehdmaltiphth REALS E§taGesoinh Lk hixe
transmt c_htai n. . The nodul ated conbj ned signal Is output from
transmitt SFOPPRHAN dpasdet 4y ‘feﬁlﬁ‘ﬁ}t siggat HEore s Hpwaibest treldsctigns) xer

swi t ch 92@0n§£ﬁ§%ti§%§ﬂ@hvér§: HReNOBLRIE i Rl BE dOBIRBd Qlgn@Nt ¢ ROT T
of dupl exer switch 926 to the antenna 925 for transm ssion. 00121]

| n anot hersegueaagsl (end assauelon dequsrcsangdes) romiransedttedrity diffonsticbase atation
110, 111, 114 in order to reduce interference between sequences transmitted by base

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



28 shows no val ues but repeated dots indicating that there are many
possi bl e val ues not shown between rows 3 and 5 of the data in table
1001. Pha 00125] The absol ute phase of the nodul ation for
the two sﬁg%g'ﬂé/fo F8nsmitt ed by the base station 110, 1 %,T/%%iogswﬁlunot
be identical. In order to serve additjgpnal users using the sane
channel (co TCH), in addition to providing nore than one TSC, the

net wor k i,ft the of th .Sl | of, t new

co- channel ? g@%ﬁta{]gr%f’ge’s‘f@%lﬂjmtq z?)g@floq 39? ﬁe& x?gﬁ‘l’er@e‘?&t— TCH
renmot e st ahiod snd apphrap@ss bkl & tReh @ uarck Tyt GARh R sifde Fatdniifled
evenly distributed spaced phase shift, thus inprovi n%‘ receiver

per f or manc®.it Boihe daserfition ItIPPel 1hnEidesesiing he thﬁétd'&(a‘f 3 127 e athesy
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[0091] Table 1 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 i1s 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 simultaneously 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, 111, 114, is near a cell boundary, where the path losses from each
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 new 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 each reccive 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 are both ablc to usc 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.

[00100] 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
training 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 channels may be used in the cell. 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 already-

uscd training 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.¢., 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 network 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. 1In 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 arc 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 cnd 415 or a scparate 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. 8B.

[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 i set up. Then in block 503 a decision is made as to whether there is an
unused channel (Le. 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. Tt 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,

[60109] A used time slot on a channcl frequency having been selected 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

second criteria may include some of the criteria used for the sclection of the time slot
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base station 620, 630 or 640. These functions may be executed using software 680
stored in memory 683.
[00113] Within controller processor 660, or elsewhere in the base station
controller 600, therc 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, namely memory subsystem 650 and controller processor 660
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signal is tlhgx} g%g‘%qime slot is allocated 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. 10B 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 685,
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 the command (662 or 664) to the basc station 620 to assign a channel

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. Base station controller interface 921 communicates, via
communications link 950, with a base station controller 600. Communications link
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
924, 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 scveral
signals can be combined within transmitter modulator 928 to provide a2 combined
modulated signal having | and Q components as shown in Figure 11. However the

combining of the scveral signals could alternatively be performed post-modulation
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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 fransmit port of duplexer switch 926. The signal is then output via the
common or 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,

100122 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 1001 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
multi-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 sct f1 is assigned to all remotc
stations 123 — 127 shown in the table 1005 of Figure 12. Tt will be appreciated that
other portions of Table 1005, which are not shown, will show frequency allocation

sets f2, f3 ctc. 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 7/2 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 T and Q samples can be generated with different offsets. 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

degrees for the second and third signals relative to the phase of the first signal, and the
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resulting I 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 analogue 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 Aspecis

[060138] 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 [ChannelDownlinlg TSC MS Signal
STATION | station1 | Station1 | station for| freg- TS Received| category
transmitting | receiving | serving |which the| uency. power
the signal [the signal| Remote | signalis level of

1 station? | intended signal

2 114 126 114 126 32 5 |TSC 3|-33dBm | Wanted
3 114 123 114 123 32 3 |T8C2|-67dBm | Wanted
4 114 124 114 124 32 3 |TSC 3|-102dBm| Wanted
5 114 123 114 124 32 3 |TSC 3|-67dBm |interferer
8 114 124 114 123 32 3 TSC 21-102dBm| interferer
7 114 125 110 124 32 3 TSC 3|-105dBmj interferer
8 110 124 114 125 32 3 |TSC 1|-99dBm | interferer
9 110 125 110 125 32 3 |TSC 1|-101dBm| Wanted
10 110 127 110 127 32 3 |TSC4|-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 compared 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 receives 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 levcels, 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 seen 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.
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and corres t | L€ tr&hink ReqUeRGL T drst irghait -
The hi ghergﬁéejéheaﬁjﬁgf B&afégf? Sghge]qﬁivgﬁ%ear_élggg@al. Slgrm ations have shown
an RxQual ofatiéh 023 Hold@rhavmg@ARR capabalify 4 eblgJo cid theelraning FPREAGS dO f or
MJUROS oper at i.on.. 0 Al t | V. ok r

equal |y be%lft1 ;ggt%g%gsg{sgg%lﬁéﬁggﬂrei St% Le%dzic’.ﬂéw :Eﬁ ?glg?élsaﬁ%ﬁge@éés{gfsége
si gnal st r gpghih whes eicvethlitnded BftheTfiiss ambsdedndbigualb ercrssheiarttielly twothithe
M5 after the discoyer urst. An RxLev of at |east 100dBm has been
shown to béaladgi%f) Efégﬁ L'\While particular criteria for MJROS pairing

have been dggan| bed, 14 @nigﬁug&,dﬂ@ewbm thed thchetsdtk labsghspies sare ghigsital

many ot her criteria could be used instead gr. in cqnbination with
t hose i dentresolisgs EbBYRemobil] Hatiqnst @Etﬂﬂlﬁ?ﬁtﬁr&ﬁﬁr@%@lﬁ% SCqUSHIE 19 THE™
present metgog n%%ﬁﬁ%p%c@fv?%s 365 EBIEnERE o§ BEOIRARR: Bamakd ) sndahatt he

handset to avoi e need for the network to sucﬁ)ﬁ)_ort_ a new nodul ati on
intended for the other co-TCH user (shown as a dotted line in figure 14). On the

downlink, each mobilc station will consider the signal intended for the other mobile



renote stations 123- 127 that are further away fromthe BS 110, 111,
114. The powcr 38 levels for the co-channel users are | arge enough
for the caller who is further away when they share the same ARFCN and
ti mesl ot . withegpo/empssbot h have the sanme | evel of the powecT/ubzobs/einsia
can be inproved if the network considers the di stance of co-channel
users fromthe base station 110, 111,35114. In one exanple, power nay
be controlled by identifying the distance and estimate the downli nk
power needgadiohors i GEl meivwejetheliR@riered@y . Tl sve diffchmt damngt youngés t he

ti mng advanc TA) paraneter of each user 123 - 7. Each user's 123
- 127 RAG%%@%(S&%@O FRPETTHF bl ha apoter %}B&ﬁﬁw- Sini | ar

Di stances for Users 100153] Anot her novel feature is to pick a new
user with a simlar distance as a current/existing user. The network
may identify the traffic channel BeimgoefMBEr-cN and TS) of an existing
user who i@oid5jt he SREEdGR! b nBRINpreSinbinkbd dhéh &%ﬁ@ﬂnﬂ@ﬁ@rﬁeﬂ, it
roughly the same power |l evel identlfied above. so, another novel

f eat ure i smhba usehe tnidenidy kvhiciyof theeiSacaingeied 19i aspai@ilar B St dre MO Bs er

ith dif t . t i St ! . .
VSVIeI ecf1 i oln %ﬁ 5‘@%&"&@%&?@9?‘ & ?rgba%@%&%%? ﬁgff%@gﬁsﬁ @gﬁa@ﬁﬁsﬁn@ﬂf F]aﬁtit the
CCl rej ectdesialdd toepddAREh bgpablUB withMURQOE UE).v &riy posipdntihinge &S oshidch

speech codec is u . Thus, th et wor k. ( use thi riteria
e ast ot o B R camit BolEr iyt N MY aRgat ReBMek ke
to the renplglshin B b2BiS-t012ES dRGs teBebAAREC ThitSIE Ueschibbts in 24.008%F be
better if the network finds co-channel users who are of sinlar

di st ance t55k0nkl.BS inte GERAN gandardphi Guirentiyy therséangirds pefitecr dasymark
limtation,gf | of &hegictOom QR[5 | oo $arl ¢ eg. to
t he ot her, nglﬁ%tf%\%egker eglfsgsgalAﬂr%f ﬁ%tﬂ%ggage%dez?’egﬁdﬁgjto tcg]aggma& b

i nt er f er enupporlihe pbfioy bainingscqenvoelkssmatk lwe bserddsfingthe THersfoss dteis fipiom
the BS 110, 111, .10 ) n Nl ng..co-channel s a

cost i mesi s Bie REfib Sk 47 86 dm RS ALR b E RS R R or
execut e toa Meaghoy XS, t Adkiiticrially,f égspine ehd defifith@r of @l DARP W&smark in the

2009/ 036383%51%1&%{8{ g%tsa/n grgg :nlzkz) not require the MS to send the classmark to the BS to

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
currently 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.

[00146] 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 phonc 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



39 Frequency hopping to achieve user diversity and take full

advant age of DTx [00155] Voice calls can be transmtted with a DTx

(di scontinuous transm ssion) node. This is the node that the

al | ocat ed WICH090a63% can be quiet for the duration of nBCEHPBWEHOT6HAI | e
one is listening). The benefit of that when every TCH in the cell
uses DIx is to reduce the overall powér |evel of the serving cell on
both UL and DL, hence the interference to others can be reduced. This
has si gni friactimdar 8$ @an sheas ariEﬂMﬁxl jlgt witlo phashetoMBavie opegsiof. the B8 will

B I S A
for MURGCS dapathe aubi 1&M@ﬁcyﬁmnoff mquﬁtbcw dhapph particslatisied chsidest athéi sh

user diversjty. Wien two MJRCS users pair together, there could be
SONE peri G- t i me bot h MURCS paired users are in DIx. Although this

is a benefighid® ot hews@e! hé idsistbadicahayvMilifedttheMDin bhevdURDy
paired users get the benefit fromeach other. For this reason, when

both are ienvidrmentifoull boewahiighade £30¢r deds 1 Gl0cofAavanrt mofigusk a5} s
advant age of “héy gi f&éeg @i hﬁ‘é%a%é e M 1l n DI sP&EhiRg a}(ﬁﬁﬁle%ﬁg}eé &lot. (See

f requency oppl g e place so that a group of users are pairing
Wi th each shes20cyfndowahait liy fignre€dser yt i ratoomisbdgr permittths best phividg with

i nt roduces ser l ver erati e
pr obabi | i t?} That" Big’ieh Ai t(%?? MBQ/UECEO 3rt| N B a%@? a@gy%ﬁ% b
i ncreases ddi@mpinpaty Inkdrieredte Mevdting qapbilByiif mnMshs ¢ Gehd Bedsémfeﬁy

i nclude increasing. the performnce of speech call|s and na t he
overal | calysdti-t Y iy %%h%/(i‘dl[*’d’@i%ﬂ ﬂthE%éFﬁS‘PCdeéFei rE%Fé‘éf’ 175%8(%

i T ustrat egg aﬁaﬁaﬂ%&mn&g{mﬁ%&ﬁrﬁﬁbs& MJRO&h@@hdcwesy Yeds&bniaid a

rate speech codecs, A, who use simlar RF power.
Cal l ers A, baBic mec@smﬁiwﬁwrlmwérﬂ,@l smplpqtﬁgntrqﬂﬁd aedetleds Whet ers

A B, C D ot
R DSR0 S9 Ll Epbaco g gt s
frequency ¢ulippirregtly lim opetaiidn Breentc alhiedsstiiguithes Vhe ¥iserveryobursthieors die

timesl ot 153 and use f}requenm es fl, f2, 3 and f4 (MAlist). Suppose
they are g?‘i}'@ﬁ PleRE8™and MM O 0, 1, 2 and 3 respectively. This will

let A B, alﬂlpal r IWatphnﬂEulaUxmﬁl’emM{tattmna;fmeqirmnﬂ‘mtmmd&bpmus nhd he
t abl e beI oW, F[r<90158 Fr ame %ﬁ 56789 1011 11A/ T ANV. AN A/ U
NT AW Al\iBi&/EnﬂmA/ DDA (RERY | luni%}r BOfhepPYoMSINF BAIGaEeTE /I B/ U

BIT B/W BNre%%g s\{atgnltjo %&t gté’x\f‘eg\‘lc%agsg bg:'N§/63c1Ca§I didebibséd Jel &4 WVTRARY §é\rft DAY
DU DT O W DN

The above is onl an
exanpl e. Thi e fl\é$ mnego@elrmbpckdo §hmﬁﬁhdw th@ G]\EM& stapgpsidsy dre BE
shoul d not ngﬁeséﬂtgﬂ %be%et\%h}eg'o% P&ch 'Ocmgpoﬁﬁfnggg%ﬁ%a_})ﬂw OBtk o?\ﬂ?n

better onmess of palring 1sintr IS can
achi eved b$5%und al Icoxmésp&ldm@tosa mnba‘bnléﬂ uéﬂ@gﬁ%o@@ pthgr words,he hxgh«:r thiA

s, 0 B! S0 TN Rk PR ST R b ot
part of an “enhanced measurement report.” Once the burst has been sent, if the BEP
of the MS falls below a given threshold, in the following report, the MS is considered
to be unsuitable for MUROS operations. In simulations, a BEP of at least 25 has been
shown to be an advantageous choice of threshold. It is of note that the BEP is derived
by sending a burst over the channel and measuring the number of errors occurring in
the burst at the MS. However, the BEP on its own may not be an accurate enough
measure of the qualitics of the MS and the channel, particularly if therc is a dramatic
variation of error frequency across the burst. It may therefore be preferable to base

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



[00160] The first method pairs the traffic channel (TCH) being used.
In one exanple, this feature is inplenented on the network side, with
m nor or no changes nmade on the renote station side 123 - 127. The
net wor k amwloomat/essea TCH to a second renpte station 123PCT/UZPOFTAII2 S
already in use by a first renote station 123 - 127 with a different
TSC. For exanple, when all the TCHs Hdve been used, any additi onal
service(s) required will be paired with the existing TCH(s) that is
(are) usi nge BFEP (GWBERWeThesEowo epantpice ard mandntedabld it saralards ews \bicog i s
a 4D1U data cal.l,, then et fL,pds four existing voice call
users t hatPTERB ip &ifre %&’83&??@@0 OktH%QSOt s with sinilar power

requi renenboia)t he addidational thoeMtisiomRbeldsicabdsed od 2B RxQral. pardmdtdrer e
is no such match, the network can recanfigure %he tsbmasl ot and ARFCN

to make a wReH. 0 RS tydhe MShiriong SR Pered (Ostims)i ReQuah s 26 liche
new data %'t\*/ee‘ﬁm eRnBgedsh ¢0ud %esﬁ&ﬂs RE%h @ﬁrﬁ‘at&ﬁﬁﬂml%r 2P bH2ESrsdin a

different TSC. I n addition, the u power for the additional one
may br oughtumbsr bébwfsteé@eéﬁPﬂ’oT%Q@%) t'ﬁés sl stendapsis e Fingsk m@%éfeﬂ@%@fe

station 123 -..127 alre i e fa
Renpte station O?Lf@a 2"% gé’lSt% el%molﬁ%élﬁ%& %‘6‘6%‘?8‘1‘1 tfo tggn%ﬁf er| ng dat a
servi ces WRBER) m&ﬁlerrtercewedla;rgnahe Thembghat theaktron vdnenthethiglmremyalor

all but on odd f .t slots .ma red., Thus
pr oved. capbERER by Bevhen Bkl By 2 rng BiE HeiaRRid gl s
t han one Rﬁ%ghoiﬁerMURgswkﬁat1@¢e TSCs, the renpte station 123 - 127
may, in one exanple, conbine its pai red tinmeslots _into one tlgeslot

so that th0RNual Mtermssiselycbe arraesr Rehemgy paially be usrd a5yt sRlEFHOFor
exanpl e, f&‘g%rl gh@ 1ﬁ(ﬁ@1‘ﬂs§ftﬁé avc?&@ps(?zﬁﬁl Etlﬂ.%tgtﬁ ReeilMd mUIBHR ”fllu){ wWRR

bursts Bl and B4 in TS3 and TS4 in each frane.
Usi ng the q:lscebsamaom foglbic Nﬁla@ﬁdhmsm’\@m@@ﬁg HedRelney ot leasta00TBmO,

while B3 and .B4 h S e - Ry
be 1 ansm P agobier fo B S tal i el conditrr SRURDR, Gl
t he same f}liaafﬂ'ﬁaeed dlesbxhlbesl Wayould he phireto the skilBd assorgthaembny other erges t wo

timeslots to, transm ts.over, the air.. The SAl C recei ver can
decode B1 ‘éﬂﬁ‘&‘{l?z”sﬁﬁifrﬁt @‘dnca ! %0%?\’311%?5%3#?{1 E2%V%Pi pel i ne

processi ng of decoding the four bursts may nmake this feature work
seanl essly wth conventi onal approaches. Conbining Tineslots
doiatDeleghon.on dhe Uplinks

1001621Conbi ni ng one user's 16 ligks| ot s may hal ve the
over the a[glbl rT1§>TA) a0 ﬁg&én‘?nme 'zﬁ'ﬁ }a%lisy uSReGAYSK Tadgs 1Rl PR ees
addi ti onal for sca ni ng an toring of neighbor cells and

system i nfcnpauhtyonf ulpd Aemdsétoto bmiﬂl tb@vuem},] feelthe asorkeitgyIshpioric | oy

There are so furth features r T y
make ¢ he. A roiaeRed § Tiaior R b Bl Rehol! F e ifinb % Mty
based on t&ghdisst, ange j@hi tétectivaw Uisedes . cotahbtinich|assigrirhent neltenorthe nawye use
the TCH whose. users are at .a siml ar, nce. This e done

t hrough ti APRERIASATCcs Atafstigid o B fi ’éeé‘%m b‘%& tﬁ?%‘\m@?é S 7% 158053 o

to the BS &ilQrend hhininkl dequshtan oRsthk Niphigk WaEkK nidbaé fstaGioRSISB gNITRNof the
[00163] The above al so neans that if two _co-channel, co-TS users are

movi ng i n_ BichIe mHiodAndeppRIBHS Tereusaoy fifgrerbiainge CAENRS AAE DEROT
ot her novi ﬁ.q¥g A Otr{] %&@oét@%é;ﬁr o BrsdnRRd Wiinkhat one of them

will switc t has etter mat ch of the power

| evel . This should not be a probl em as the network may be
continuously re-allocatin L C%C or.S 190 |C Oe]{egnl}sefARFG\l and TS. Sone
further optim zation may zing sel ection of
the new TS@uus2]be uskshedas thirserfesenice kabtaet oolls, hhet B 110, équeirléwontmjse
pattern in the |ocal areﬂ One advant age Q%lgth S fe ture is t

uses mai nl S SBVRNIET RO SHHES 18 AR Rl statiog's digggicg frompi) on'
Changes ongpefvabk-t1naid disscebaRms 1 A5 31 gNuethe RE)poW@ﬁIe@@?aﬁni,ﬂm&ed by

the BS 110, 111, 114 to the MS 123 — 127 on the downlink may be lower than to
remote stations 123 — 127 that are further away from the BS 110, 111, 114. The power



Co-channel operation for both voice and data [00164] Furt her

i nprovenents may be made. First, Co-TCH (co-channel and co-tineslot)
may be used for voice calls as well as for data calls on the sane TCH
to i nprovav@apAcisssy- data rate. This feature nmay be appbcruUsioes/GhEIK
nodul at ed data services, such as CS1to 4 and MCS Ito 4. 8PSK. Fewer
Timeslots Used [00165] This feature iy be applied to reuse of
co-channel (co-TCH) on data calls to achieve increased capacity. Two
ti mesl ot s lefeldadrahd canisdnasl way dhe lapgé ereoigh rfolr ﬂle&taﬁéri whed fushsrgavarye

t | ot t h t d
clo?'rsngon\é\%’lﬁﬁ‘ E?Yr rah%?g% ‘gﬁg&g éﬂ’g ‘e)ft ‘%h%% ’eg'l?cgé‘i“%‘?"e i s

means t hatihdpolvkTut eis dayvak lnﬂbrcﬁ@& 1@@1&1@:@&!&@%0&1%&5 2hd UARALOLS co-
downl i nk, Whl ch saves power and tine for the receiver. Changing from

4-ti mes| otehenns! psers Fes) Be Sasyi siaiontS, Hdrdie sN0F sHampleePaTaEay dPedo
ot her tas

HO. [0016&%@@2’%@ %“é?ﬂ?%“%ﬁ%“S%%ﬁ?’é‘%&h ¢ o Ieil}é%ep%?% to ?A%‘beﬂhsl ot
Cl ass confrieguwsat 123 FqUihiermitsiose dhowd thy amitErddyate 4TA Y pdrametByofani c

Ther e ar o E BERAT cde LR b0l R CroBe s ehn RS A

various calllietst.in the cell. This reduces or m nimzes the nunber of
deni ed service requests. This increases the capacity and throughput
fromthe network point of view Each user can use |ess resources

wi t hout conprom se of Q0S. Myig;lkSBi&nERATolgscBer ved. I n one exanpl e,
this may be inplenented as a software change on the network side, and
rempte st a[ﬂpbﬁr%ﬁ)lzs Anpfier peveh Fapreid t@ pickedeptusaiddits p similar dig@sceds # op
of its DAl hang

asmgnm&*n{%lfl n%ﬂ@%ﬁ%lb%%% ﬁﬁgngapacﬁta%ﬁ n%@ﬁ%ﬁg‘%ﬁ@ T(TCFI EP&R]I
net work r %ﬁlﬁ&)eﬁ anamsﬂng conwo veid, thesemn: ol dng at Isnimikaetlmtdndac arsl Hoadsy .

Power can be 3 - 127. Better h ver
por f or mancQ Gt eeS bl BT M i ol A0 ot T el BIRIEBET, g
i mproved p%t\ﬂ@krfﬁiyﬁ&leﬁa@s@eﬂﬂ@mcmﬁdhe new user with a different TSC from the
Dual Carri er [00167}The&present met hod and apparatus may be used with
dual carriSStRUSHAF edSEt o i nprove performance. For inproving data
rate, there is a 3G°PP 43 specification which allocates dual carriers
fromwhich M5 (or LIE or renote station) can get two ARFCNs

si mul taneously in order to ing¢leciionof Bpeeglafadecat e. Thus, the renote

station us re t }
oLl on, USRIA © FRARPULASRRuGE Bl ST A5l LA DR
met hod andnalpbamltw depeading mnmdxinbrspcﬁchtcod@m stadn ThDARR weapall] (BIW)
corrponents so that the .network | e the co-TCH, i..e.

cor Ehannel ™y Mt Ris-exrnand Rl Fult chaliss b B3 hioctind ¢ e
timesl ot tdigthndeSo &lerreaoy stafionl $289 ~ 12D arskbthy €oddelideld OTiAs, i EAY Be dEMEL: if
provi de extra servic y. assi gni i TSCs to the di fferent

b di ff
renote stad P@ﬁ%vqlzﬁngssacz%anw t%era%%eéﬁ\r?gﬁ distmeele Bediy &40 (ld1g.

Qual comm s; @SAhf igade ecﬁ%lp%emhatncé SRS Qﬁect &%@nma& ‘§1gﬁalt1§“tddj or
even fourth user/service on the sane ARFCN a fll nmesl ot. One feature

used to i n{iopgeoawpEditeyihe §tltec> e evaslient pighad nmotobﬁ defecte ATk the .

if two use r i f
three user LR G anuiehe i felFol R, kol HEW S E: fton B 1163,
The net hodlsl4diesmivosmﬂs athov @ssignyngdoeo- ulmdel‘s candi akeinsdtn (Thg dolbdwitfyiase
feature for /data,calls 1691 Usi.ng SAI C of a.DARP
capabl e r ¥8FPEF® 1*%‘? hﬁ-ﬁ AR Y %‘ﬁc‘%?ﬁg) ?1%‘28@63}’1*8@8%%%P‘hﬁé‘f‘%‘&d
and apparatus, two different training sequences are used for two
renmote stations sharing the sane channel. Characteristics of the
trai ni ng sequences that are evaluated are auto-correlation and
cross-correlation. O these, cross-correlation is particularly useful




44 correl ation between the sequences is maxim zed and the correl ation
ratio for the two training sequences is unity, i.e. equal to one.
[00172] It is possible to use two different existing training
sequenceswihmosrodcesoTabl e 4 to di stinguish users in a MVROBSWaR/76312
Tabl e 4 discloses the existing eight training sequences for existing
GSM systens identified in section 5.2393 of technical specification
docunent 3GPP TS 45.002 V4.8.0 (2003-06) entitled "Technical
Speci fi cat i onFi3tpanCe heppatgd orchavd user dikérpityPam) talet full Féerige af DTx
Speci fication G oup GSM EDGE Radi o Access Network; Miltiplexing and
mul tiple gogsss Oon thgcer adile pat hbd ReAased4)with pwbDTS{he(dlthhlh&ls?:rd
Ceneration Partnership Project (3GPP st andar dg set[) orb%anlz i on.
116he ler?faeam 3‘?}

[00173] HoWEyBISERatMagsul bs il derdsitipitheselingate qlust dRfence
sets for ftﬁgga{ﬁ@&yofmo Peacﬁqwh@e &R:% h@é}hﬁ@dﬁmneﬁmm%&me@rﬁtﬁ
which may be a bit restrictive to frequency planning. Therefore, the

pr esent patléhﬂ cellpysesi DB isdmrdddenthe pyasall povecrfloiel ofthngrrying ceibon both HLof
training se r ces
et ned i rinEE RN s pslepte bt Sndt bid ALY Bl Vel EAHERCRY
ort hogonal ndrmallyn ipegpls dqdmmeﬁ% &xtisit i lisgeningaithe MYls éqgtuen ces be avedom
tati.ans, ile the new set of training

used for renot e
sequences l}@ modeds Wt oREHe eth‘\é\?%o‘%l?%ﬂe ?‘?sgta&%fgabl e of executing

this new f[laalw}e [ G3:e4L ol Retrd BMMCEE &irNVIDBOSCQURNERB vaiSREcrN M Ricncy
particul arly advant ageous correl at| on properties making themsuited

for use i noRP@SNS upsst OneskibHS BieT dFversHe Pihes &vie Wgﬁéd‘b%d’dgﬁﬁ&qﬂﬁus
The new S efURNGER ﬁaas\sgﬁ ga%ﬁﬁd 8ﬁ§ﬁbfbbﬁmd§‘&§ﬁ@ ub&s BRI ih L @i | ng
sequences s vvn in e new sequences are listed in Tables 5
and 6 bel othjs 1anéicmﬁetcdetbctr005eds jtatedraboye destithid ofithe VAR QD phivoi users igeixt .
Wil e the a t i y
where the tllﬁwo eréeeltu rI(l:eegc ugtrﬁgr ?%E%E:I tééldﬁ%%eglrl%ﬁﬁ %rgl @ﬁ%s@%%ﬁ%gﬁ{rﬁ

exi sting Sxe‘simﬁ‘&bcam’lwlaﬁed[ aldl ekd theeddowdtagd of mas;)dmmmlydeélpﬁmmarhai
better performa gcanb oht ai ne he .definition of.

use of t he®Hetin IEJIRIPEIE fPRPYE g%ag%n%gg S(h@mt 7 BIOHP 08 VS RIS PAEILE] "H"h
conbi nati %cwomr H?ﬁnﬂadl@tém&ew fhAk BEsiS CUENE@Sd iRl Lisdh@vati

in one exanple, present nethod and apparatus to a
system a Bis élcsMngﬁCXSn oaer@ftonl ﬂd rqdygest g iphapdity ha byt paizgd %‘Pﬁ
having a fidata L (Aol Ng ARIHEDAE: AR PaBEECNh AL CRASRGh S ECA.
second traini ng sequence whi ¢ 1S a new traini ng sequence

conpl enent Bengfitso inchide fingreasingr tienpantproanpn erfcspecdo ralsxandpmexintiting libgse

station 110 mts a first signal having a first
training s%cfﬂ%ﬁcagam%gféla@ﬁ?i fied by a code TSCO (from Table 4) and a
second si gre@lsyonpr isi egnplseacitdedse aimbenigusagdeSepobaidnNW iiddtiiyd a
code TSCO _(f Tahles 5 o which is a new.trai guence
comp! enent &JURES s e T 2 g o Beech Pk V. WINES G5

Cr0ss- corrghalhi RP goMet CCARENEER, UN® Ednl I8 ndul-BbdUieRE) mi@ncm andichhe
second, conpl enent aré new traini ng sequence is veré | ow. a result
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Frame No. 0 1 2 3 4 5 6 7 8 g 10 11
1 AT AW ANV AU AT AW ANV AU AT AW AN AU
f2 B/U BT BW BNV BMU BT BW BNV BU BT B/W BNV
3 CN CJ CIT CW CNV CMM CT CW CV CIU CT Cw
[00158] 4 DW DN DU DT DW DV DU DT DW DNV DU DIT
[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
8 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 usc 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 new 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, all
(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 Bi, B2, B3 and B4 in TS1, 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 TS1, 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 seamlessly with

conventional approaches.

Combining Timeslots

[00162] Combining one user’s even number of timeslots may halve the over the
ait (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 assignment

[061063] 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 channel assignment may increase the capacity.
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Co-channel operation for both voice and data

[00164] Further improvements may be made. First, Co-TCH (co-channel and
co-timeslot) may be used for voice 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 MCS1 to 4. 8PSK.

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, there is a 3GPP
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New TSCs
100168} The present method and apparatus is an improvement to 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 achicved 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 operation 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 basc station 110, 111, 114 transmits a first signal having a first training sequence
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identified by a code TSCO (from Table 4) and a second signal comprising a second
training sequence identified by a code TSCQ' (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-cortelation, 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
simultaneously 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.
i00176] 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] It 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 110, 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 arc repeated versions of five bits
elsewhere in the fraining 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 scquence (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.

[00179] 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
TSC 1 00101 1011101111000101 10111 | 48069 | BBCS
TSC2 01000 0111011101001000 01110 | 30536 | 7748
TSC3 01000 1111011010001000 11110 | 63112 | F688
TSC4 00011 0101110010000011 01011 | 23683 | 5C83
TSC5 01001 1101011000001001 11010 | 54793 | D606S
TSC6 10100 1111101100010100 11111 | 64276 | FB14
TSC7 11101 1110001001011101 11100 | 57949 | E25D

Table 4

[00180] Tablc 5 shows a preferred sct of new training scquences complementary to

those shown in Table 4, for use according to the present method and apparatus. Each
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new training 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 TSCI, and so on. In applying the present method and apparatus, a base station
110, 111, 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. TSCO') which is complementary to the first training sequence.

Training
Sequence Training Sequence

Code Bit:26 . ... . ... 0| DEC | HEX
TSC WY 01111 1100110101001111 11001 | 52559 | CD4F
TSC1® | 011001111110010101100 11111 | 64684 | FCAC
TSC2® | 011101101111010001110 11011 | 56974 | DESE
TSC3> [011011110100011101101 11101 | 59629 | ESED
TSC 4’ 11110 1101110001011110 11011 | 56414 | DCSE
TSCS* | 010101100111111001010 11001 | 53194 | CFCA
TSC 6° 01101 1100101000001101 11001 | 51725 | CAOD
TSC7 11100 1101010011111100 11010 | 54524 | D4FC

Table 5

[00181] A further set of new training sequences having suitable properties is shown
in Table 6. These training 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
TSC O 01111 11001101G1001111 11001 | 52559 | CDA4F
TSC1? 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'
11100101111101111110010111 48892 BEFC Table 6 [00182] I nproved
co-channel rejection performance is obtained if the pairings are used
for the twpsesedhassnel signals, shown in Table 7. Eachpogwsiotge731ng
sequence shown in Table 7 can be fromeither Table 5 or Tabl e 6.

Pai ring Existing training sequence Nei§ training sequence A TSC 0 TSC
00 BTSC1 TSC |

TSC &4 01100 111111001010116011111 | 64684 | FCAC

TSC 5’ 01010 0000110111001010 60001 | 3530 DCA

TSC 6’ 01000 0101110001001000 01011 § 23624 5C48

TSC 7 11100 1011111011111100 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 TSC O

B TSC1 TSC 1’

C TSC2 TSC2’

D TSC3 TSC¥®

E TSC4 TSC 4’

F TSC 5 TSC 5’

G TSC 6 TSC6’

H TSC7 TSC 7

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
1s 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 channcl 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,
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[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 tcsts using the new sets of training scquences and the legacy training
sequences . Figures 17 — 18 contain test results, and Figures 19 — 34 are performance

plots.



slots are used for connections), the answer to the question of block
1503 is NO, and the nethod noves to bl ock 1505. In block 1505 a used
time slot is selected for the new connection to share with an

exi sting swmrwebicesy. [ 00196] A used tine slot on a charoetusfwseusncy
havi ng been sel ected for the new connection to share along with an
exi sting connection, a conplinentary 3Irai ni ng sequence (conplinmentary
to the training sequence used by the current user of the slot) for

the new c

ompection is then selected in

4 ock 1506. The nethod then

noves bac

KTboIA Pamst art bl ock 1501 and

jdepcst eps above are Tepeaf ed.
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[00198]

above, twCamgilseqs of training sequen

identifie
identifie

QCOMB cor

cROMIGCOVr + QCOMVB,

have been

dFreinHobpinpy wor k wi th the abo

vEBnablkddst i ng trai ni ng sequenc

eS

dRitio dffiesiGsMod etk aser)

B3 corresponds to Table 5 and

r Bepefitsrehoe Tabta Rsiredlle two

hew sets of sequences are

proposed [igickRfentdi2tr BedylUROS oper ati on
Traini ng Sggsienegs 1dentifred 1Tn the G
QCOM7 tral ni ng sequences, and training
GSM EDGE Sﬁ%?feiéngétﬁ’id(ﬁgerw QOB T al
are sone ouprrcattons of +t LT STTC T T Ne t WO groups:
Bot h groups perform well Ta re%rg_pg‘l%rtggﬂyﬂg?rﬁﬁfﬁglhﬁ]l"ﬁ%ysequences
identified in the GSM EDGE specification. As di scussed above, when
METRCS node i s epabl .edffrot{legge Lwo_ f i pattern may be

sel ected to be: pogh e Al 2 O MEDY 3B 2 5
Confi gur at [}002‘02?“mr%r@ﬁtlﬂ%'éélﬁ&hgﬁ§th€§ﬂ@r Wi aRerk RIS tlaBiiSscddnags t he
traini ng sequences and the |egacy training sequences .

The pairings are: [00199]
Rl PascaRBDCOLRL bANCOM &

ggguences identified in the

S T S TSy 2001 THeT

e

new sets o ¢ i >
Fi gures 17defingd s af rilcpcaibed rabevs. t eseaRgnmggtpdaencey arc 3gedy i provide

per f or man .C%Bﬂjagéé E?méén ﬁgféﬁ)ﬁim@ Qs&%@gg aﬁﬁﬁan? .Qel%olqlﬁg‘%%l} &15@%@9 gg:rs

-103dBm F oati ng Fl oating polnt Logical
within the same cell.

[00203]

for two training sequences to provide separation of two users within the same cell. In

By contrast, according to MUROS operation, each cell has the ability

MUROS at least one new set of eight training sequences is defined. The remote
station indicates to the network (via the BS) if it supports the new training sequence
set. The existing signaling messages contain three Dbits to tell the remote station which
of the eight training sequences to use for the communication link. The signaling
messages are enhanced so that the remote station can also be signaled which of the
two sets of training sequences to use.

[00204] According to the present method and apparatus, a mechanism is
defined for signaling the training sequence set information to the remote station with
no increase i 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



Mode Traffic Path Terristial Urban Speed 3 knih Carrier Freq 900MHz
Frcq Hoppi ng Enabl ed Ratio of Desired to Interference(211d user) GdB
Phase difference between desire & interference (211d user) 90 Desired

user Si gnalo fwasexdsson QCOM 7 or QCOM 8 TSC | nt er f er encef@mnusags7y312
Si gnal based on Legacy TSC Table 8 - Test Configuration Summary
52

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 field 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

001TT SDCCH/4 + SACCH/C4 or CBCH (SDCCH/4)
01TTT SDCCH/§ + SACCH/C8 or CBCH (SDCCH/8)

Table 9

[06205] 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.

[00206] 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

S00IT TCH/H + ACCHs

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



Signaling for the Assigning of Additional Training Sequence Codes

[ 00202] Currently, according to the prior art, there are eight
traini ng sequences defined and, as descri bed above, these training
sequences vab m0y8meot 0 provi de separation between di ff ePeMIS88078312
across different cells rather then different users within the sane
cell. [00203] By contrast, accordi ng t¥ MJRCS operation, each cell has
the ability for two training sequences to provide separation of two
users within the sanme cell. I n MJROSbit 10 east one new set of eight
trai ning sequences is defined. The renote station indicates to the
network (via the BS) if it supports the new training sequence set.
The exi stipga@ gnal iimg STRSISHORSs 6O RLiAIng sthiicace Rt foSust @s foiblvst he renot e
station which of the eight training sequences to use for the

comuni cation |ink. The signaling nessages are enhanced so that the
renote stagion can also be signaled which of the two sets of training
sequences To use. [00204] According to the present nethod and
appar at us, 0 a nediededesnirbigingestqusact febto beivgeral i ng the trai ni ng sequence
set infornption.,to. the.renote . .station w i ncrease in size of the
S gnal | ng heseads 4 PRENRE EaFhe iR Putihdo Bkt et nod and

appar at us, [002@]r enotie astahdtorstBiognddes i duppornehsvaltkrnbfive/iews tpinng s a

new set of training sequenges via a nmechani sm such as C assmark 3
St gnal | ng. SRS L7 B8 B 51 $SuiBndr D nUhF] BAPE SE)00 GIED FhEn an
net wor k kngys1GraENYS: SURME & 5h BRESdhbaAit] 8d8e S@lccaphabld-al ni ng
sequences for a communication channel, then the network can _deci de

52 which s@P2H tr ailniong o5 egtetcewlanempedpratsshatiniosnesspritedengsor
the Commntsecﬁhm%mﬁ&?tﬂﬂﬁérd%fe“goﬁéér@,bhhﬁ»bﬁfé; oﬁszl?j%&hskﬁadolgl fhBRop" gpent

met hod and appar at us e existing information el'ement call ed anne
Descri pt i omplehednitasienh joftw@GRPheT 8BinddorB 1182s be tsfoosd 40 06 transB)itt¢ds asonli f1 ed

to signal the .traiping.sequence set tc use y~the re sfation
ot b ol A PARS RSANENP Forf fher 8 | RER RV L L HTRA RSN

fl owmchart mblutitsQus® SmputcFhgoGhamngia bed compiunizatidrasnediad inehidig etyd
cal | ed Channel tggg_agd TDVA of fset. The Prese t codigg of annel
Type and ugrtha dpeilitatep frapsierpf acgmppiGE program §50m oRe pEeHIOgihercly F o+

ACCHs 0 O hod Hehih Fhat B Bikble RediSBREEAbetacoASKIH &1
SooaH 4) C e e e e e e e 5 eerdrplose

[ 00205] As @airciel BErase FOrBpyteth S v Al @mploh arthielt ImyjisHon SHCTEOMIDUSTE set

field that fi i i i itk VeSny |
[ 00206] The'“piilmBbih cir Eopliriss RIS, oM, BEPROMD RERBr bkL il e
i ndi cat e wHompe,t magneiingliske goeage eors ethet magnolsi bterage\degised, sort anyusthef or

(Do e G BN ARRERR A0 AR A BB
control nesswagesnapnt dafacstolRangearnds thaaden iba wossq@l Bga pénctah@urpose or
speci 1 cat ép%Qia{-gurg(?steecronfp?ltrer,agrla éerrligra ~iplr1r(1::ng.‘iset orss}gect:iglbp%gpoasg %iro erggir.] t Also,
nmessages.
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-readable media.



[ 00207] The proposed new codi ng of Channel Type and TDVA offset field
is as shown in Table 10 below 8 76 54 S 00 0 1TCHF + ACCHs S001
TTCH H + ACCHs SO | TTSDCCH 4 + SACCHLC4 or CBCH (SDCCH 4) S1 TT
TSDCCH 8 wEAMMs&® or CBCH (SDCCH 8) WO PCT/US2008/076312
2009/ 036389PCT/ US2008/ 076312 53 Tabl e 10 [00208] The S bit indicates
the training sequence set to use as f®l | ows: OThe | egacy training
sequence set to be used 1The alternative/new training sequence set to
be used. [[00209]|f &he emssitods désatibanhadae snaydie isppentedtblyesarious means.

al ternative/ new trajni uence .setf and,bi et to |l .then the
et o st i GRATEME) (e SIS ZRY Re S BIRTERITd A ‘E%P@ a&a&gﬁwareh%na
nmode unaccegdnihRion th@QA1 ol B HARRY B m'(i}ﬂéxﬁerﬁa%ﬂpih@eroc%mﬁ%dﬁrﬂﬁ A& ot he
functions described may be |n;1)l enent in hardware, software

firmare, dstechity P&Jnﬁl‘f@ratb? bAnd Resamples) qanpahhechehteis may komplgnated he
functions r F’q@f; i ons
or code on@*'&%ﬁﬁﬁg@?e }algdl'h((a)I1 r@gﬁﬂznﬁt(%ﬁggtcgjraﬁgsgg ab )2 dn%gdl g%%l

i ncl udes hoottesonfosRy), ®Bm168®13hemc%sm§cﬁe&i@m{lh$l?ﬁt)j Imgrmdlil@le 10giC

1 om one_pieata” TEL AT RE roRtb B B RIS TR A BT ROt
t hat can hmcammsﬁetsmlcmpg@ﬁ@bai elaufq@@s@svafes sﬂ&mbabtrcpucr Peigelesigned

conmput er. f ex not limtation, suc

cComput o - B EEAIL e BB DR FoE. RENTP e EEPROVII TSR or

ot her opti@ap1zfi sk IhenRELous'REGHHLE ol itEKdiSEIBHAOR Roviatdes camaNgaly C
storage devices, or any other nmediumthat can be used to carry or

store desines@npkidlgd amtesuictoraakssorise thsaliscismicof Varipss medificaensde theat a
structures Mu%eh@/tﬂl Go%nregﬁi f%gﬁa?&ﬁdto ?ﬁo@e ganed % ~thi! raﬁo%ﬁiiq eneric
speci al - purpose conp purpose or spetia é%
processor . prialcgbss c&ﬁ;lecbbﬂnmcma}ohe ar.i;plpd G@eﬁkyvalmtinesjwahout departlng from
conmput er-r nsmtted
o b ven B SR & 758 ot Ths SRHnGe B b bistPRu? Belo ok i bR | &
fiber optiwg tﬁabkaemplésv\d@bletd:dawrém bdt 11 ﬁ)ade &obged u&emdlestrneoﬁeDSin)uste@w

w rel ess technol ogi.es sudc F i nfr red radi,o, and m crowave, then

t he coaxi a‘l"“]%:ﬁlﬁlpémc‘ﬂeﬁé‘? %att"é?é ssclopag hepely pair, DSL, or wireless
t echnol ogi gg21yC hT@éseldﬂf&aﬁﬁy,sknﬁﬁl e aRNEbU GhAMAY R Ah€infdHbiigeshd n
the definition of medium Di sk and disc, as used herein, includes
conpact di $gnalsODpy tearsareselitesk usiaptany af ajivarety dif gdifferieny teeknelogies endsc
(DVD), fl Kk er r

Gata magnerTieifie' FRpahHol s MBRCNR Sofl s, iitifabnl SRERDAFE,
Conbi nat i osysabofs, tilvbchajrothet wigobt dfakswd biouglohitithedibuid deserijitive. reyope  of

conputer- rr%%r%ge%teed br{/e\%llt%ges, c5u£1}rents, 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 imposced 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.



[ 00211] The net hods descri bed herein may be inplenented by various
means. For exanple, these nethods may be inplenented in hardware,
firmvare, software, or a conbination thereof. For a hardware

i npl enent avd covg/0ddd® processing units used to detect forchA@soodiicser
the I and Q sanples, cancel the CCl, etc., nmay be inplenented within
one or nore application specific inteffrated circuits (ASICs), digital
si gnal processors (DSPs), digital signal processing devices (DSPDs),
pr ogr ammabj06215)gi Theeatione $li(skhiDs) logffchleﬂldckm mgddesrand eirgats eribad

(FPGAs), processors ont | ers contro | ers, essor S,
el ectroni cC‘%H‘B?/‘i“é’Bé"”ﬂ‘dﬁ @IHQE‘FF Sﬁﬁe rietedn gay L% HBH"-‘P‘EJ’tif[a?‘pRﬁ’F

functions @apardehad ﬁﬂﬁ@de%ro&s%@ @Eﬂi {al S%&E@@@é@r"(@S‘P? Mant Rﬁﬁl%@t‘ion
[ 00212] The preV|ous descri'pti on of di'sclosure is provid

enabl e anySpseHisomtegiated eércpin (ﬁﬁE)aﬁtFlﬂé Rragremprablgsgate hrrei éﬁﬂ@%me
Vari ous I o]
those ki 116 §obpRRLkok Aok SHETE Batlot Rl P0G R0 Iufile |
may be app¢qna13bnciﬁs @tr Iaey corabingtanghsrevii dehigned wapafiotm tig ﬂunUmn‘s descaiped i t
or scope of t.he ) dlsclosurelsb9 @ agdto
be IimtedT6™ ﬁ‘ege g ﬁBT‘B%S%Pé%“Pﬁ“BE&YH’& T BT et B BPUES: t he
W dest scoghe peeBSbSineyibe Wiyt fonvhgiopsl p}@¢epioe&oaﬁdlleaw&kocbﬂ@ml&,&ﬁ state

di scl osed herei n. [00213] Thosﬁ&oof or inary skill in the art would

under st and™fHEEE- i Af BIOREEPToM2H %‘n‘ﬁ’é Y 2rOpEeEne & CQEPH SNy
of a variedai@f, digf,f £r@MbidLehnet @IDsP and o eGBBHESer, RO HIEXRYPLE,
data, instructions, comands, information, signals, Dbi fs, synbols,

and chi ps mmprﬁ@yw@eon@ﬁ@n@rﬁm@wmﬂm%@uwmm@t@bwb ddh%’cqqr@torw may
be repres currents, electromagnetic waves, magnetic
fields or 6;}1611?8% Q?/C Yl%kﬁ%??%al fields or particles, or any conbi nation
t her eof [O0@B2HKY] Thbs eteps Otﬁrwmthogi wkalpdritmudatcrihedt ineconapqmmecwivam ehd hat

the various jlJustrati.ve i.ca S, circuit.s,

oo ot hon St EhE Bt R B R e D iR, Bvare

di scl osed et Bxdtaitd B§ ai jrodeesRirafl a@5mblneCdd SMhe thar AWafi@areGHGHIW er
software, or conpinations of bath. To clearly illustrate this

i nt er chang@anFisideyn Sanfom Agsess Memoy dRAM): dash,memgnys Repd Qaby Mempe

conponent SrANNCKSectHRAY! S0 r%in"nfa!dlet SROAN (1Stredsn) N arR ReSR d@égerbn@ed
above general |y in terns of % heir functi onallty Whet her sSuch

f unct i onal ProgramsnablepR @ieEER M), egitewyr farddisis ofemay dladiple ndsD-RSOW, t he
parti cul ar i i nts i posed aII
system Sk?rﬁﬁrgjdb @1{ F‘g{a}]ngp?rté)ga%? rgPde q‘?n t heﬁdtglseca[riclpbéAL Fgéri:nc[%lng %’1% y in
varyi ng wawsdifumris ecaxpledpathelpmdewor appltha dtcl poogesdou tarseadinforplagorefidat | on

Scope of (A8 W E4BRim e Ry FORORE s TR St baes FpRatrRibre

| ogi cal bl @ekse 1mgﬂallts$he Frockssdr! ke tSocdQBE kb stoaadg@czmgﬁ iR rmuaeh

t he enbodi nents di scl osed herein may be inplenented or perforned with
a general Puipode- ghededsanay resids igictuarr tamypell Ihsabgagive hepyocewr
Applicati O%dSQEQbFag@mk&hﬁ%W RedChd &Ikﬂréte (:&%&Dents% FL&k ebrilagr ammabl e
Gate Array é or other programmable |ogic device, discrete gate
or transi skl 2171]ogifbere‘@r@séheemrésmérrUMm Iecﬂtpf@rb@rit@tedmmmiyn aonebdanegt i on
t her eof de&lgﬁ%quﬂwﬁggﬁgﬁy1the functions descri bed herein. A genera
pur pose processor m croprocessor, but in the alternative,

the processor may be any conventional processor, controller,

m crocontroller, or state machine. A processor may al so be

i npl emented as a conbi nati on of conputing devices, e.g., a

conbi nati on of a DSP and a m croprocessor, a plurality of

m Croprocessors, one or nbre m croprocessors in conjunction with a
DSP core, or any other such configuration. [00216] The steps of a

nmet hod or al gorithm described in connection with the enbodi nents



Claim 3. The method according to claim 1, wherein said step of
establishing an interference rejection ability conprises: sending a
di scovery burst; and neasuring a co-va3fiance of the bit error
probability. G aim 4. The nethod according to claim1l1, wherein said
step of establishing an interference rejection ability conprises:
sending a di scovery burst; and nea§ﬂ£é§ﬁ§a RxQual . daimb5. The

nmet hod according to claim1, wherei step of establishing an
interference rejection ability conprises: sending a discovery burst;
and measuring a n RxLev. Claim6. The nethod according to claim 2,
wher ei n SR 1 ntheetied fridentdy éétf?’ﬁﬂteasﬁﬁt'PFﬂ%/MPBOé‘G@@ﬁ‘P‘atﬁoé’W‘ﬁ'”sal d bit

error prohaditiidy ah PieMerdr@@sdiedtion abHigidMhé rehbB RIANa aREREMNIREMERL;
claim4, wherein said interference rejection ability is acceptable if

sai d RxQAiPcatEg sheemag,giation tB?”@IV%'f%t?fegs 3T <PpAidat us for identifying

if a remyiemafiratd Poringswi i othes agradtk etatic@npri si ng: neans for
establishing an interference rejection ability of the renote station
in a given environnent; mnmeans for allocating the renpbte station to an
avai | abl eusinarzed Eih&)tmetﬁcﬁtd deeardingf or cla@in m,t whergina spidi stepgofwisthblishing an

anot her rem er st \ c?onab:t njg%esThe apparatus according to claim9,
wherei n sai° ﬁ@gﬁgj? a6Ph Ehlng an interference rejection ability
conprisegmndmamsmﬂmwasénﬁiﬁgda di scovery burst; and neans for

measurin I Lity. Caiml1. The appar atus accordi ng
to clai q@gbéa. gtﬁQ@gF ﬁ%@ﬁ% for establishing an interference

rejection ability conprises:
Claim 3. The method according to claim 1, wherein said step of establishing an

interference rejection ability comprises:
sending a discovery burst; and

measuring a co-variance of the bit error probability.

Claim 4. The method according to ciaim 1, wherein said step of establishing an
interference rejection ability comprises:
sending a discovery burst; and

measuring a RxQual.

Claim 5. The method according to claim 1, wherein said step of establishing an
interference rejection ability comprises:
sending a discovery burst; and

measuring a n RxLewv.

Claim 6. The method according to claim 2, wherein said interference rejection ability is

acceptable if said bit error probability is at least 25.

Claim 7. The method according to claim 4, wherein said interference rejection ability is

acceptable if said RxQual is 2 or lower.

Claim 8. The method according to claim 5, wherein said interference rejection ability is

acceptable if said RxLev is at least 100dBm.



means for sending a discovery burst; and neans for neasuring a
co-variance of the bit error probability. Caim12. The apparatus
according to claim9, wherein said neaids for establishing an
interference rejection ability conprises: neans for sending a

di scovery burst; and neans for measuring a RxQual. C aim 13. The
apparatus according to claim9, wherein said neans for establishing

an interf&ance Asjappaphy fbdentinnadompmmaestationda YURQS canahle: ayMeising:
di scovery phudnstror aﬁgbmsa?sqnf PlerfERASH Irbjebtich BoiftX L@ Mhe GrAbtE stdtion TR given
apparatus according to claim 10, wherein said interference rejection
ability | $"YE¥8EM bl e if said bit error probability is at |east 25.

C ai m 15. mid@s appadatitg thacemb@istigioh @ &l alamble shabeset angai d

i nterference rg;ectLgn abiljtéfhs qgcqpta?lq if said RxQual is 2 or

| ower. O A5ANEE PPHUMAR FAPUTEL T AEOPET RGOS %% m 13, wherein said
interference rejection ability is acceptable if said RxLev is at

! ef'ist 100(8?’ 1(?8 T"f]iecag){gglr ?Llsl Sleoftf OC%Sag[Fr{ gmhgr%ﬁqe i(iime_%ngl‘f'&)rl éaéaeorlishing an
swi t ch operabl y ‘conre 8 to 5ai dhase Station antenna: a recerver
front end irdpdaraideyejecimmetilibdcanprises:d dupl exer switch; a receiver
dermodul at Qr..QR¢S 2B ¥nE QAREGEALS: 5/ d receiver front end; a channel

decoder an %ﬁe-lnterT%avep oggra [y connected to said receiver
denodul at GreaaRfersraaguidem bibererrghestyssor; a base station controller
interface operably connected to said controller processor; a coder

and interl eaver operably connected to said controll er processor;
Claim 11. The apparatus according to claim 9, wherein said means for establishing an

interference rejection ability comprises:
means for sending a discovery burst; and

means for measuring a co-variance of the bit error probability.

Claim 12. The apparatus according to claim 9, wherein said means for establishing an
interference rejection ability comprises:
means for sending a discovery burst; and

means for measuring a RxQual.

Claim 13. The apparatus according to claim 9, wherein said means for establishing an
interference rejection ability comprises:
means for sending a discovery burst; and

means for measuring a n RxLev.

Claim 14. The apparatus according to claim 10, wherein said interference rejection ability is

acceptable if said bit error probability is at least 25.

Claim 15. The apparatus according to claim 12, wherein said interference rejection ability is

acceptable if said RxQual is 2 or lower.

Claim 16. The apparatus according to claim 13, wherein said interference rejection ability is
acceptable if said RxLev is at least 100dBm.

Claim 17. A base station, comprising:



a transmtter nodul ator operably connected to said coder and
interleaver; a transmtter front end nodul e operably connected to
said transm tter nodul ator and operabBb§y connected to said dupl exer
switch; a data bus operably connected between said controller
processor and sai d channel decoder and de-interleaver, said receiver
denodul ator, said receiver front end, said transmtter nodul ator and
sai d tran3fPntoler Fpeseorend; and software stored in a nmenory, wherein
sai d sof t \asQeGRIPri ses |nstruct|ons to identify if a renote station
is MJRCS capabl e, conprising: establish an interference rejection

ability of demiexer swiheonsrahly W”Pﬁe%fogﬁ%?ﬁséﬁﬁ“ﬁ’ﬁﬁﬁ@ﬁﬂ& all ocate the

renot e st@tdc@n@tfeonaenw@érbaapls@uﬁah@aeas&hatjmeﬁadwn@fmt a pairing with
anot her renote atlo Clal 18. The, base sta.tlgr according to claim

17, wheref he°§l¥F tcip8ﬁ" Y $ORRGAH P SAYARCTYR §%nce rejection
ability C@ﬂmdnﬁe&écoﬁe’r%dadadmfeﬂ@mppé\ub@tcpnmmhm%mr;ecavé)iderrﬁ:ﬂﬂl@for and
probablllt Jhe base station according to claim17,

wherei n s¥ %C‘?’}%@l?r&é?ﬁea?n"rt o establish an interference rejection

abi lity cobpsd Sapn ceeindleaintirecovpergblpuoistectearnid said asnirdleprogesear, i ance

gf ait 2161;" be coddr 3hd i} g!?ér og%?éb qoﬁh 1éPeo s } ﬁoﬁgﬁﬁéﬁh%é%s% according to

ereirn sal e on 0 es I'nterference
r ej ect i ona fpigniittsr reesmiateraapsrablyegeanectell ceidegopleandsinterlem@rneasure a
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said instruction to establish an interference rejection
conpr i sesoPesaiiycenngried v ety dpiexer switghd measure a RxLev.

a data bus operably connected between said controller processor and said channel! decoder
and de-interleaver, said receiver demodulator, said receiver front end, said transmitier
modulator and said transmitter front end; and

software stored in a memeory, wherein said software comprises instructions to identify if a
remote station is MUROS capable, comprising:

establish an interference rejection ability of the remote station in a given environment;
allocate the remote station to an available shared slot; and

permit a pairing with another remote station.

Claim 18. The base station according to claim 17, wherein said instruction to establish an
interference rejection ability comprises:
send a discovery burst; and

measure a bit error probability.

Claim 19. The base station according to claim 17, wherein said instruction to establish an
interference rejection ability comprises:
send a discovery burst; and

measure a co-variance of the bit error probability.

Claim 20. The base station according to claim 17, wherein said insfruction to establish an
interference rejection ability comprises:
send a discovery burst; and

measure a RxQual.



Claim22. The nethod according to claim 18, wherein said interference
rejection ability is acceptable if said bit error probability is at

| east 25. Claim23. The nethod accordPfg to claim 20, wherein said
interference rejection ability is acceptable if said RxQual is 2 or

| ower. Caim24. The method according to claim 21, wherein said
interference rejection ability is acceptable if said RxLev is at

| east 100@Bmm 21. The base station according to claim 17, wherein said instruction to establish an

interference rejection ability comprises:
send a discovery burst; and

measure a RxLev.

Claim 22. The method according to claim 18, wherein said interference rejection ability is

acceptable if said bit error probabhility is at least 25.

Claim 23. The method according to claim 20, wherein said interference rejection ability is

acceptable if said RxQual is 2 or lower.

Claim 24. The method according to claim 21, wherein said interference rejection ability is

acceptable if said RxLev is at least 100dBm.



