CAPACI TY | NCREASI NG DEVI CES AND METHODS FOR W RELESS COVMUNI CATI ON
Field of the Invention [0001] The invention relates generally to the
field of rgdige%9 nications and in particular to the j | of
channel capag?qty (ﬁgya radi o communi cati ons system Bac?&?g‘f?g@ﬁ}[”%b?z]
More and nore people are using nobile comruni cati on devices, such as,
for exanple, nobile phones, not only for voice but also for data

comuni cat i opS.p Al a&,hﬁI i

speci ficati OQ?P&S‘;! an%E%@W@@%%@@ Mm%%% ds
for GERAN are nmai ntained by the F#ﬁl rgi grenerati on Partnership
Project). GERAN is a part of d obal System for Mbile Communications
(GSM . Mor Bietpetht ilewdnkign GERAN is the radi o part of GSM EDGE

t oget her WktB tiJe network that joins the base stations (the Ater and
Abi s i nt er {90LkY e myention wiates sepcipilolp tsHsidof sdio commupigstions @ad in
etc.). CERAMEQRIEMRThGedsh JTRhNS caBaGiVh REIMPEdtnmbuticfoHE §3tcRONE
calls and packet data fromand to the PSTN and Internet and to and
fromrenote stations, including nobile stations. UMIS (Universal

Mobi | e Tel gg Hﬂ;jd:ati ons System standards have been adopted in GSM
syst ens, ff)@% -generati on communi cation systens enpl oying |arger
bandwi dt hs (R4l MioghEd o PopRip 8k usaerRnRPicsCoRpByCRtIgn AEVIERS: wsRigFnEd

UMI'S/ GSM n%a‘ﬁﬁﬂéﬂ%obﬁl@%ﬁ&]es,;rﬁlﬁ ohB! foPVHBY bitSTUER: BLE cPhERRRAHINE. ThafY' S

networks. First, nore traffic channels are needed which Is a capacity

i ssue. Si nGSM/ERGE Radig MHeqghfe Netherri (FERANasrecifisnidang (PRRS ond tH{ePRS
downl i nk ( 4 n: t.he J ; -UJ r.e, .not
symetri cawgg:ag{eafgﬁf) E’ EH@H%%%E&?@ a?F%%ﬁ( %E)‘ﬂ%?u%j lg?r%gt% ?gﬁé?@rﬂ)i S
likely to bengitanPabEtshipvRiogdrt)c CtHRANEam paratof i Globd k®ystehotisr Mobils
resources for full .rat nd, ei ght.user esources for half rate,  As
it stands Q?mﬂ]ilém %ﬁ@?wﬁh&%ﬁﬁﬁﬁ?aﬁaﬁ@ﬁw eﬁ‘dﬁ’e@irtsq%&#%i}%r
to provi detogethwi with e fer@srk&hagbinghise BiRc ¥RHER @e Atedah@ AGR! ihteriBisp
resources w o0 enabl e DTM (dual transfer node) where

[ e necessar :
both data X g %%?oﬁ@@ﬂé@ﬂ%%ﬁ% (A Peerirgee oift)- CREADLHPrasFe the[ooaf a
Second, ifGBMIGEMREK $EFNRS fRof@taiCald pathid &t B DRMUSE TN S84

want voice calls, the new users will not get service unless both UL
and DL resbifredsaet do aandi framl esmathettafons.e nshidmgUmobds owatives.c o UMIThe

wast ed. On he . L e .l s.and
o servi ol ieerf Mabile TRl finu RS MIRIcHy 1l A0 e FRKE afifhedof
wast ed dueGEd! | stkmsf fpaithirdrger®tatioh 00@bumhatict, syhane dnsplobss lkigee
for UEs working,.in t]-tjneslot t o,scan nei.ghbor I

nmonitor th ﬁd“ﬁ%b%ﬁ“%@%a% aerat% P%? al$0qe pat Ptg?ﬁﬁﬁ‘@%‘fﬁ%ﬁggg&

[ 0006] FI Guetdhosdows a bl ock diagramof a transmtter 118 and a

recei ver ﬁf{fﬁpéjﬂ a w reless comunication system For the downlink,
the trans rTll‘Q-’lé"i NH Py F1CoPICHNh AT doy st POk Hirple srary eratiso
may be par Eha‘ﬁﬁel@az‘@'He@de@%ﬂligﬁé'acc%pécri@%_{)@. ?ﬂ&tthﬁg)saﬁgﬁerﬁﬁﬁlah@“%

the transmtter 118 may be@i)art of a wireless device,” and receiver
150 may bethpanghpgfonghgeevenlisk4DiLo than antleseplisk AULbihd BLged &l alshgesare

fixed stat] . j e .t h th ich gl e Vi GES. ma

al so be r e?‘gg re ﬁrg;%g;m;%%&ee %,n%%l%e Sé&\;lc())ﬁ\ﬁgfgs ﬁl%lgg%gg?%%areis %?ayé% ¢
access poi given DU, Ahiwhreehkismedethacs tafey foe skaticanarey far fuliohic] enand
may al so be referred to enote station, .a nobile_ station, a user
equi prient , SEPHERN Ewir deRtl Ty TS SR aRERE L HE a0
access ter fakah dedsibi d#hbt@ey togir6vidAsot b€t or dRYIIGE oA BYicher @ dagl daul ar
phone, a personal digital assistant (PDA), a W reless

1 node a
Wirel ess cORRUFRSRUETowlgRs nesessay Rasnahls) o Melduplatransfes mngle) }r‘r’]b%rle hoth t |

a | aptop ceAPBiRNnd ¢bice cdiRARhadMat EH@%%MiHA%.er 118, a transmt (TX)
data processor 120 receives and processes (e.g., formats, encodes,

and i nt er | B0&sYecard. af aimgiwpikaseinge ¢ dewdhell vdale ananp nawdutraialp whd0voice

calls, the new users will not get service unless both UL and DL resources are

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



[ 0009] Controllers/processors 140 and 180 direct operation at

transmtter 118 and receiver 150, respectively. Menories 142 and 182
store pro in the formof conputer software a by
transm ttg\?ﬁrl&&@%g%gg recei ver 150, respectively. [0010] %%T%?stz@séﬁ%g% a
bl ock di agram of a design of receiver unit 154 and denodul ator 160 at
receiver 150 in FIG 1. Wthi n receiver unit 154 a receive chain 440

processes rOV|des and aseband
si gnal s, V\}:I Iﬁ%% gaﬁﬁg tch? ﬁéo%rﬁgrﬁod e&@lﬁe cgﬁ‘e 6:efm\a}“ 0% F‘:h %ﬁbg?ﬂgythe
performl owmsnsee ablehii \fvmmitdmmo laakaf mgridd DLer i ng, quadr at ur e

downconver s| t An a al o ital converter. (APC) 4

digitali zeid@ﬁIeTFmg Ber®1 gﬂfﬂ%%rl Hgél“é"ﬂé‘flgdnsrﬁ‘ﬁlﬂm%l:)c élf“%éieo‘i" SCRRde
and provi dﬁ&ghbo@ﬁélis@n&%mh@ﬁmemﬁlbh a8 SR8 0418 opSard AR eroARthcR iskiks.
general , the ADC sanpling rate fade may be related to the synbol rate

Awn by any Wﬁb’é@ lophonsri Plaeledisgramuet diirangroitian | 18nmdht recdivrp i) e or
160, a pr ewWe%Q@&ﬁr%urﬂ@a@ioQ?ysfté?ﬁ nPorQﬁ@dMﬁﬁﬁsﬁE agnsgg%érg% l[r}ag@g \Pé%t of

sanpl es from ADC 442. For exanple, pre-processor
direct cureéase S(aID@)l a@ﬂfr@:@tver iﬁ}mwsebé p@Q&f@n&y&leﬁSde‘ete (remcte s@tion)n Fot

filter 422 £t t I I oc r. 420 based a
particul ar ﬂﬂ‘erué’dﬁ%ﬁ%ey@aﬁlgz%g%slﬁaaﬁ %P ovi ’&%g’mﬁﬁs cvice.Hg f%’j%"&ﬁgﬁa@?y
whi ch are Hepmeﬁhlme ﬁdmomndb@e statibh ist@heréﬂﬁa fiRyd dthtldn@hatlcb@mhmiads Q
sanples to he sanpling by ADC 442 as

ress sul t | n
well as j a??ﬁlfgg SLSéIF &@z‘za y41© %%‘?%’Frﬁfhﬂaé&rﬁﬂdéf?r 4P velonlAledsi B
e.g., f rorrre%&mecmearsmsl;jam d@w&@uaé%s%efcé wlue%uoﬁa@%} Andoik bRA

424 filters the input | and Qsanpl es frominput filter 422 based on

anot her fr @&M&h&@yber @§?§6¢ﬁsté Agrfolrgeray plaen, gumpbie statimd aQusaaplisentwhi ch
d d
are denot eg8ge badip@M Qefminkl H%&? %&?QQn ﬁ%t% srr:i@*%{mgﬁ X 1(%{7%{?} &

with finite i npu se response (Fl se response
(1R fil tmrslesa)de‘/fqﬂmae'ﬂ@ ao:fellmllahmont,yqamsonm%gﬂai e&:mﬂam:f[PD&B povimiss of

filters 42 be sel ecte a oad perfornmance. In

one desi gn%m? grg ?W“ gn( ymf'nélg%tﬁ% fwefl hagﬁhei‘ﬁge‘flge 3 S ribg Thdng

frequency ta@&np(ms@umf efd | ter 424 is configurable. [0012] An adj acent

channel erence detector, 4 recei ves t he input and Q

sanpl es frhﬁ‘\”{’k HE?“SE&F é@t%%%f@ﬂlﬁ%?xiéﬁfaupﬁocﬁﬁéf PSS Wﬁ PEJCGHRSS |

and provi desg. oM, dnbstes adn@rinfeBedvieb)t &la Mﬁ)m;’- P@; Al b Qb BBy
an

i ndi cates whet her or not ACl is pr esent present, whether the
ACT is dueld® perermysi gieerlaign onatheetoded it etd arovids0a Knbduatelf @rgnaihe

{1 Ter 424 ooy s o R R Fini R, iR YomSi TRER0E 2,

bel ow, to awhpkase Sd;&bd:epegf(@rﬁfti@cﬁ)r lgﬂ&ﬂl&]d Batee caial fareGlodelt Eobdlation! 26

caual | 2ot | G CHBE G R BepRRoREratt Fore it eo M B ARaE 1

on these sdigphlagodufaionexaomlle A Betialike ahitEVER)AR2 436difighs (bER!MIRRNt a
maxi nrum | i kel i. hood e uence _esti nmat or I\/LSE t hat determ nes a

sequence ofMBYffo Ia’é PH‘&“"?‘? 3 tquiuk’éefdy sigppl I‘@@egaﬁé@l??s taRE npedudged

given a segygd Gﬁhi@ﬁlskraﬁﬁgltt@l$ﬁ@ﬁlaﬁt§n1?d"@4a channel estimate. [0014]
The d obal gstemfor Mobi | e Communi cations (GSM is a w despread

st andar d i OB Atlregeiveni Y8 eis aetorntud P aEsaves @Mmdqziawsm@als from
combi nat i oR afld: 1o %A’bﬁ%%%h P! RaBHRCSS f IR rgpewedrﬁqgae“%
S

D|V|S|onI\/Ut|peAccess or t epurp se arin
spect r um r eswarcreunitGBIVRIL MO Recdiygpiuoiall b4 capiétiont ee g.nfilgers laﬂ‘ipﬁﬁesg)fmd

frequenc ands. F exampl e, f or i nk conmunj.cati.on, GSM 900,
comqronl yyu Oewsncgn}'ea{g g’esrﬁore%‘feﬁtﬁﬁr flﬁn p% Bi34¢5- tgigo 5 Stglalg ﬂf%o?r%‘des

Station tosdiate. T dascRilater 168t @bdced) th&@mpﬁewﬂtsakbmh&ﬁfmomes GSM
900 uses 935- 96%1, bands (baﬁﬁis ation to mpbile station)
Fur t her mor &5MQs8, UEHTESF YN Rtagproreses [7Rtwocsees k3-8 éeamrail@ves

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

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



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

Keyi ng), where M=2 , with n being the nunber of bits encoded within a
synbol per. speci fi ed nodul ati on schene. GWBK, | nt
envel ope t}?ﬁg(r}{?%ﬁ%ggul ation schene allowi ng raw transm 5&?’&%293’%2&3
maxi mum rate of 270.83 kilobits per sqcond (Kbps). [0020] GSMis
efficient for standard voice services. However, high-fidelity audio
and data s i r throu

Cner eased o¥és§§§ bﬂ%@%&ga&ﬂt l%afagd ﬂ?{aﬁast toc IE resEec?w%ydatttgnsmltter
services. TW.increase capam ty, the Gener aI Packet Radi o Servi ce

GPRS han Data ra r M Evol ution) and UMIS
gUnl vZar saP@Bgﬁg F‘é@fﬁﬁ’?ﬁﬁfﬁ L‘fq 6‘H§ I%@GEF%%O@F&H’E@% danyaifier hEand
adopt ed i nrﬁ%rsmstegﬁect&e@pmm@ﬂéﬁ@lanﬁ’ag%%rel?@slgr@m%eaééuﬁ%e(%& i's

a non-voice service. It allows information to be sent and recei ved

across a nﬁﬁ??%@rﬁ@ﬁeﬁﬁéﬁ‘edﬁéﬂﬁfﬁgr@ trapsmidtgh bl Bend iecsiver FurasrSiivelEhed
Dat a ( CSD) r r e 5a

nodul ati on @gﬁ]eﬁigs) %S&@G‘gﬁﬂ%%léﬁ e g;%m( gry@r dg%@gn%tf?{%& %‘iﬁ%@(lﬁﬁ gﬁd
time slot sglemwﬁub?eorwédt kegeigersi Stﬁgh @ IGobi Wethst @tdioer uatt 16Hhe saciec thanre

Thus, high 0 at es are . The

st andar d u%{eos %ﬁeshrh y%?}%% li:dg“' gl f on rgw S%Yﬁé‘lﬁrﬁ?g% Il’igﬂQS’A’%)%

t hg Im)dul aﬁm@llandityd)ﬁs eaamdb@,,C MB@edi:Haﬁrofﬂ(blﬁlaﬁpelfdhcrilblltﬂvsﬁolse&nﬁﬁﬁcano/n
nodul ati on i near,, 8-1eve ase nodul ation with 3n/8
rotation, W#TgeP%E’F% |‘E‘aéa‘aW8?1FiP?{%‘é’tm’er@ElﬁsS’icanABu"f‘?.lé’gstﬁé‘b%H fCP%YﬁHf@hcy

nodul at | On(A]bJ@)’V@MaEh%ltEI%s SREL hhd Q[ AOGiHa AL dtodnsam?l Irkte GP C@ﬁu be
approximated wth i near nodul ati on ) -l evel %ase m) dul'ati on

with a n/ zpfﬁﬁtdé% f and Q spawlosyrbish armqi@eteéfas tihearaao@mexlmneel avBKkDEhd

t he synbol 3] )

f requency rﬁé&? Igfggb%%ttéaﬁgg% %bd angf”f‘f by g %eg,?%on tnée%er

al | ow Mobi faetOSt ations (M5) to synchronl ze thel r Local Gscillator (LO)

to the Bas quenc of stimation an

correcti onﬁm)?@étgglur E‘PS“@&H%?@ %p%(’c%‘/isd? A{Zt% gewrﬁﬁm&?)sfsfngé’ﬁeh%lg to
an all "0"apb@lsaagleafidni ABOWAY BeaHense, prEtpeo@bdor 280 a;apaylh@aﬁdlm‘ct t he
frequency burStgéééP onstant equenc naI or a_single _tone

burst. WhefFTHt H35h Emavg qB?f‘c%D‘?:f ebr ‘Wnéﬁl mppsfilterc s Sltery thae

net work, thendi@mabs $iealrb@Rsdumnios b%ﬂtd)ﬂ“&oklé'lnb’ulﬁlo'ﬁ'eéuefnﬁﬁcw%ﬁ% By st
fromallst of carriers. Upon detectin requency bur’st

will esti nﬂloéld?h’élpﬂtrleﬂaé Enaynpdsst which pig| c@w%a&]@ angl an ditltarAR2 ﬁmecmemy
which is 64 Ik%h*%% s tg%ulﬁﬁésrs 1?1%1%68-%&]1’:%% & e é%ﬂ%ggﬁy ?{1156 8%} &d

using this est re ue ower-o

frequency wtll gefamozens. tfeltas‘l%una’y Ba® petfotd sdtﬁﬂzle rafb eoriVBrswin, &.g., from 24X
perlodlcall Rot0 itor the fr n burst. to maintain,its
synchr oni z& |S§ﬁ1p%ng é%neﬂrfbvgesamf)ﬁn gcha?aaﬁ%%y&ﬁofg s the dnguf d and &y
offset is mﬂnesnframlthgut ﬂmﬁzm baeeon diebict @re@@nby”rédfpoﬁ@' £AhpReRlear €

able to provi dei 82&;ent| onal Cp\gOl ce calls_and data calls. The demand
for both tPPBY I6Pd Gfnelesoich ies d3mgted g leed, Qo A?eh%f%erde%w

demands onpNBENEHKERRAR iffnite I%&lg@fegp&l@@(ﬁkg)meﬁdglﬁﬁé ithfllis
increasing their capacity. This is achieved for exanp d| VI

or addi ng dBb)fgtesn @1' filiere of et genothe fravencytrasponges | of Wf’iiﬁfé I4232 aed é%f's es
har dwar e C&ﬁ} Be sélé %%E\J}%%dog é)teﬁ‘oﬁ'r%%g aﬁleul'{% %Khé: ﬁ?&%h@’ rex\ﬂotnpé) ut

undul y i ncreasi ng dwar & I'n partic
unusual |y d)iéfilgpe4@%5lﬁxmdé,rmddlecfm’qmngpymponse@@ﬁﬁthIzﬁusbmﬁguable

o subscr i BO12 SRBShat TRRAT aCrele (SE0 iR Tt G the B e e

net wor k  at saopest frote ﬁlthm aicafcbﬂ‘sifbr Ae eheSt@ivedRE 51 || agiafiedides an

channel for i ni ca "1112( ann | conpri si n% annel fre uency

and a ti meh§ Htrg);m ‘%St% f"éﬂi‘ia@ﬁ A YRGS Wg‘eh?rﬁ’é ngf A6 at ed
present and, if present, whether the ACl is due to the higher RF channel centered at

ght

+200 KHz and/or the lower RF channcl centered at —200 KHz. The frequency



[ 0030] In another enmbodi nent, the present patent application
conprises an apparatus to produce first and second signals sharing a
channel , oSyl a plurality of data sources, where ify
of data iggggﬁgﬁggg%, at | east one sequence generator ﬁﬁgﬂﬁg&ﬁk%%”
plurality of outputs, whereby a pluraljty of training sequences is
generated, a plurality of conbiners, each having a plurality of

i nputs and I t=00 ut pu erein first .said inputs is
operably con oené'%g% f%l%r grzlg o é%iagﬂ ST Daaes o i éﬁg ! ‘%%Bg%roﬁ‘g dS?mlsbﬁﬁi d

i nputs i s bgewalblaghieconmedpedotanene of said outputs of said sequence
gener at or, by at. | east one trajning sequence is conbined with at
| east one Hﬁ‘?glrgﬂ Chy ﬁg‘gte&f‘)rIr‘]'g%‘lg?ce’ﬁﬁ%thgSH{?iuh%ﬁldo%ts%FPplﬁhao% filter 424
transni tt eind"pehrak QudBYidD ratdcdr ckihy, BfteckibRUing/RMhlrd@aste One
out put, whereby the transmtter nodul ator nodulates said conbi ned
data usi ngthgss paanlescafpr erarppipqembizer/dpgctar #29 snayt implen¢nsta magimum
out puts a i puatoll] f ] .
enbodi nment ?k%{ﬁgb%%éeﬁggﬁﬁ? pat Jlet?i H\glﬁ%llg?@gﬂt%eﬁ;n %%?r%rsfide%g a&{)%g{ebmssttg til%n
conpri si ngmastciiirely ¢t heve heocemsoitied sgiveand seyvanceaofduphd Qesanglést afil a
oper abl y CS’H‘?S&%&? 1.9 the base station antenna, a receiver front end
oper ably connecte 5 the dupl exer switch, a receiver denodul ator
operably cnécTied Qlebal [BysterC &irvBIobflé @mmiitdeatians N@SMB | is de6agRpreand
de-interl eave({%cg er;'ﬂbll?él1 connected to the receiver denodul ator and the
control | er St Gt ulah viEdess SompUBiGataint M) EPI9tetoriigp of 8PS
connect ed beisiBeMaRHHiE ALéLY ("[FHI@R?§1§Pqu1§en€§9QWisi&{‘ﬁiuﬂtYHl@A!:&@é’@‘DMA)
operably connected to the controller processor, a transmtter

nodul at or Esécapirese ehHiesng thespedim regsiege. @GN natverks tvmicely operate in a

transmtte n o] opne sali :
transmtt e?u%lr%egu(%faﬁ g‘ﬂwgﬂg% rﬁdes' %ﬁéﬁgéﬁe{?&s?\é} t ‘g‘ﬁﬁ’ﬂa&%‘ﬁ%&%ﬂog}éﬁdg?%
connect ed betmedn usdser mdiotspedtiver inpho 883-9 ¥ Mifubanhe (N blsiRrithticheto dkhes

and de-i nterl eaver he, receiver,. denodul at ar cei v fr end,
the trans mffatnﬁclﬁwr%ﬁﬁﬁtnﬁﬁ)or E%rnﬁo‘?ﬂ%’gtq’)m‘iﬁl‘iaﬁ s é%n%o etgs §$|§I ggﬁﬁ%r e
stored in bdls (R0 Extiomkenebit dtitRnie Fofter@ORPEicheieqaénck @aad is0dieidtabl e

of data, wherei e data_conprises values of a parameter for at
| east one Y&} %& k&'@nﬁ’?‘éersfr%‘l“%ﬂgs, PReXidines 1ot REr chapnsly seasedieh 280 &dle

(correspondisRg 1900 @ed thai1B5090 REAVEH6Rs fol Ak WBnOind! 1978-190@rDLEHRRS -
and val ues of channel frequencr%).o ng/gﬁ]@l Further scope of the
h i

appl i cabi | faryhefowmkpt tedptM vagsp ahaa GEM-WRA0 speegommor both
apparent f t F i) ed.d I PLI . Cl ai a

dr awi ngs. {{@\A%v%r% (fidlufdhs c}g'l%dﬁ@te%u%\ e?es?%lg‘% {%%(glt%?%sé glenggalﬂprég% M-850
descri pti onseantte H38e54Pi wiHex bk efor thvhivpBnk ndd 3089 PiHEf bardedfor the
enbodi mentg_of,. the in Lo, ar ' Y, 0 .

5006, 0366 peait oSk LeD i fe f LRz %ﬁ%ﬁ?éﬁ foi (B il P LEOS-
changes andggmodHE ibeadsifoinge wbwilink, t he spirit and scope of the

i nventi on&/\&ogﬂ beco apparent to thgose skilled in the art. BRI EF

DESCRI PTI NS 08 3flentified byat spesyic esplite sdign frequency

advant agesc@%néih&n&iﬂ?’!@ﬂ}t hDRLWIk Rgﬁﬁmu y%l?dﬁﬂﬁ'?\ﬁfﬁ{bef bOAREER. For
detail ed description set forth bel ow when taken in conjunction wth

t he acconp&upiy RN Ags124 ge3ajdicd e ¢helcheinlisofaG MU, dhdg ARFDT a
transmtte n Lyvar 0) Fi 2 ()1 I j a f a
ecoiver upiaT SiGataGahR ) dOM LA Bt s b AR 7

and bur st #rerasagredito tiESManhdOB7 GEMy B850 whils HORECIAS 12 %885 e s@émibd tom i n
a GSM system [ 0038] Figur LS a sinplified representation of a

el Tl ot cOmTATE 4*54‘5@%@@1%?50[ A iR & PSR 4R srroR SEReh
of cells wht@Rnéee Epet tarffr feeqa&lcly ud @ikidey site Bighl QQ4ObEI(GUIcE afc BHOVWES an

exanpl e arrangenent of ti slots for a tinme division nultiple access
( TDVA) con‘?ﬁﬁ‘l‘%‘é g\%FSo(h @f%%%rﬁﬁr[gom&ﬂml&a rthat iehs erpscuiive Amtsasiels darnt or

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/uscr is assigned one or more



[0042] Figure 8B shows an apparatus for operating in a multiple access
communi cation systemto produce first and second signals sharing a
single ch sing a conbiner to conbine first a 0
nodulatedqgﬁghgﬂggs 0043] Figure 9 of the acconpanying Qggﬁﬁﬁﬁﬁgﬂ?ﬂ%
flowchart disclosing a nethod for using the apparatus shown in any of
Figures 8, 10 or 11 of the acconpanying draw ngs; [0044]Figure 10A

shows an e . I.en erein _the netho seribed by Figure 9
woul d resi ﬁ@g}giﬁffﬂﬁg& ggog ?P escgueﬁ%gr?%ggﬁ@'r @Fffr"esp ?Clﬁf)gaz%quie’&%‘r@r%i% dlg‘éw%

fl owchart dissod ieshagmt kiet(S)t Bpign@Xx@abiitedirdhyss e chariEinSIAUAORimes used
controller _of Figure 10A, [0046] Figure 11 shows a base station in
aspects ilpﬁé??ﬁgJﬁék?ﬂ%“flom/of signals in a base station;

[ 0047] Fi gu[om18PESROMSe SHaRRhe: AITFAR0RNREY Sorf t‘?e[nsﬁllﬁ{iﬁ’% at-guRge M a
menory subsgsten1mhich m ght reside within a base station controller

(BSC)  of a0 |1Semstimes theuismesiime 5log yad @mst mgp be used interchangeably. Each
2009/ 03638RRETH R85 ?%{fﬁ’&&s Lo HAQABLE] a%%ﬁg%&"ez@@%‘ﬁa%ﬁﬁﬁ@@ igld

recei ver architecture a renote station I'n uré of
t he presentndeghod panad EpRar Hicusmifcd 08 9ty inecatd fishiomshpen insafe the GSM

[ 0050] F qursciatsdnah B Ren AR PER RS s dle TR Noner

usi ng the symbols are sent in the guard period. TDMA frames of a particular carrier 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 0 through 11 and TDMA frames 13 through 24 of each multiframe. A control
channel 1s sent in TDMA frame 12. No data is sent in idle TDMA frame 25, which is
used by the wireless devices to make measurements for neighbor base stations.

[0018] FIG. 4 shows an example spectrum in a GSM system. In this example, five
RF modulated signals are transmitted on five RF channels that are spaced apart by
200 KHz. The RF channel of interest is shown with a center frequency of 0 Hz. The
two adjacent RF channels have center frequencies that are +200 KHz and —200 KHz
from the center frequency of the desired RF channel. The next two nearest RF
channels (which are referred to as blockers or non-adjacent RF channels) have center
frequencies that are +400 KHz and — 400 KHz from the center frequency of the
desired RF channel. There may be other RF channels in the spectrum, which are not
shown in FIG. 3 for simplicity. In GSM, an RF modulated signal is generated with a
symbol rate of f, =13000/40=270.8 kilo symbols/second (Ksps) and has a -3 dB

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



conplinmentary training sequences of the present method and apparat us;
[ 0051] Figure 16 shows a base station with software stored in nmenory

whi ch may \%6%%5};’0%?(3 nmet hods di scl osed in this patent %g@}oyg%

[0052] Fi gure ains atest result summary for 1%
pairing legacy training sequences with training sequences of the
QCOW set of TSCs; [0053]Figure 18 contains a test result sunmmary for

1% FER whe S 0 r 19|sa
per  or manc ot O kS 2R b S TR BgRcP A ecefit R

[ 0055] Fi gumbe20vi=3 " awimmfhamgaheﬁurpb@toﬂ&heencrmaed tvlngmm&m 5<;T§§ibdvvoi !il

| egacy TSCI, 056 re 21 is er.f ormance pl ot en pairin
QC%VI?yTSCZbI\’ﬁCft{‘? |laa<3&8 stfiﬁeme 1 cﬁ@ﬁ%ﬁ i) gr NSNS @V&W%MW PB
when pairi %eMwﬁ%w%Jn@mlsﬁgﬁ%’a%um[r&@%@bﬁ@ QY kAR fef séond
performance pl ot when pairing QCOW TSC4 with |egacy TSC4;

[0059] Fi gut®PI®4 i s a performance plot when pairing QCOW TSC5 with
| egacy TSCﬁmzeL@@@P sFeBUeR P slanddd ROIE YeFRASE Bl e ISR Dhio

QQCowr T I egacy
and data services desire higher data throughput rates due to increased demand on
capacity to transfer both voice and data services. To increase capacity, the General
Packet Radio Service (GPRS), EDGE (Enhanced Data rates for GSM Evolution) and
UMTS (Universal Mobile Telecommunications System) standards have been adopted
in GSM systems.
[0021] General Packet Radio Service (GPRS) is a non-voice service. It allows
information to be sent and received across a mobile telephone network. It
supplements Circuit Switched Data (CSD) and Short Message Service (SMS). GPRS
employs the same modulation schemes as GSM. GPRS allows for an entire frame (all
eight time slots) to be used by a single mobile station at the same time. Thus, higher
data throughput rates are achievable.
[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 37/8 rotation, while GMSK is a non-
linear, Gaussian-pulse-shaped frequency modulation. However, the specific GMSK
modulation used in GSM can be approximated with a linear modulation (i.e., 2-level
phase modulation with a /2 rotation). The symbol pulse of the approximated GMSK
and the symbol pulse of 8-PSK are identical.
[0023] In GSM/EDGE, frequency bursts (FB) are sent regularly by the Base Station
(BS) to allow Mobile Stations (MS) to synchronize their Local Oscillator (LO) to the
Base Station LO, using frequency offset estimation and correction. These bursts
comprise a single tone, which corresponds to an all “0” payload and training
sequence. The all zero payload of the frequency burst is a constant frequency signal,
or a single 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



TSC6; [0061] Figure 26 is a perfornmance plot when pairing QCOM TSC7
with legacy TSC7; 10062]Figure 27 is a performance plot when pairing

QCOMB TS | cy TSCO [0063] Figure 28 is a perfor e t
when pai %éﬂz SC1 with |egacy TSCL; 12 [0064] Fi 3’5&@’@@8&8&
performance pl ot when pairing QCOMB TEC2 with | egacy TSC2; _

[0065] Figure 30 is a performance plot when pairi ng QCOMB TSC3 with

ogecy. TSy hOUBLEL U B LSpRaRERLRIRISTA S BB R G,
when pairi ﬁquféES%l [\ ashndoe@aey—mSCEz THeQA$ 8i Fipgrisdecadd wake ap to
LMV A =T A NN e L
| egacy standby mode, the frequency offset is within +2 KHz.
[0024] Modern mobile cellular telephones are able to provide conventional voice calls
and data calls. The demand for both types of calls continues to increase, placing
increasing demands on network capacity. Network operators address this demand by
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 frequencies are used in the cell and
all available time slots are either in use or allocated. This means that any additional
remote station user will not be able to get service. In reality, another capacity limit
exists due to co-channel interferences (CCI) and adjacent channel interferences (ACT)
introduced by high frequency re-use pattern and high capacity loading (such as 80%
of timeslots and channel frequencies).
[0025] Network operators have addressed this problem in a number of ways, all of
which require added resources and added cost. For example, one approach is to
divide cells into sectors by using sectored, or directional, antenna arrays. Each sector
can provide communications for a subset of remote stations within the cell and the
interference between remote stations in different sectors is less than if the cell were
not divided into sectors and all the remote stations were in the same cell. Another
approach is to divide cells into smaller cells, each new smaller cell having a base
station. Both these approaches are 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 CCl and ACI interference

from neighboring cells because the distance between cells is reduced.



TSC7; [0070]Figure 35 is a flowhart conprising steps taken by a
base station to identify MJROS-capability in a renote station; and
[0071] Fig i fl owchart conprising steps taken [

traini ng sqgg&g(%@g&ﬁﬂfornati on to a renote station. DETE%ITE}L%%gb%)e76312
DESCRI PTI ON [0072] The detail ed descrigption set forth belowin
connection wth the appended drawings is intended as a description of
exenpl ary enbodi nents of the present invention and is not intended to
represent the only enbodiments in which the present invention can be
practiced. The term "exendGVIMARYQF TIHIOINVENTION S description
means "ser E%Dag s, an exgnq‘pj)l e, lnstance, or illustration," and should
not necess PPy IR lEh REPeimantsthe preseRt Ratent sRPliSeioRompBsts brve stalioher
enbodi nment ontrbiter, dRkiibiag ARSEtIRE i |B8cesite] HORSmSREfitk)Gerflet alds vher

t he purpose of providing a thorough understanding of the present

i nvent i on. oMby epnnepted Repyeep ahe pprirodpt prosesserosd thkimdready.i wharkie the t
that the PLaaibr hBYRAL fhdca? BE B 4Pt M kRS ARAGLD ks
details. In some Instances, we known structures an vices are
shown i n badkandi mgeieenvilocsrfornpapaoieerstto aad ofrain dbs eemonyg stibsgstemanasgpt s
of the pregent inventign. [0073], |nt er:‘l\grenctﬁ due touﬁéth r users
limts the PerForTeAdh Msrmypors Sy sty WaFRE theAlemopniuRsystins ABPEsH
take the farlsasobneablberf dititveickan eReRtf doaiprifaivaRObf NgareabibSiops ke
sane frequencgf), ﬂEnown as .CCl, discussed above, or nelghbori ng
frequenci et Oh&Rdfstapany valugointraiaingcgquenfes galyps el ide gloh Bapber, 13
[0074] Si ngleeoankenaanhdltteghigignce cancel lation (SAIC) is used to
reduce Co-Channel Interference (CCl), The 36 Partnership Project
(3GPP) has[MRahkatngihee ambadivepie ilicopiasant sateigMppli¢agion comptissd ncsosl and

conbat inter ; . i C r iver.
perfor mlancgls%%r,&gg% ﬁ{rg}-%gg%%%%g ﬁg&?g%e }\1}\%% l@lfcugt% g%g% Iciﬁgllsﬂegiglléﬁgilﬁ%ﬁ]
DARP i ncr eggesiting taiiskdatapat b tsycobny detap boneiatigg laofivst traieing scqi@atomsl a

Fur t her nor € i%trs.uggr esses int grfertﬁnget t.the sane ti. EARP
operates at  PRETHRTBIFEHIFIF FOmEIng the (5 Faming sequangqiy the et dafe 19 ¢
suppr essesp@dji@ce MrsiCioabigdd ansl ednighiagned sédohe rifaeligh eeubh@t wilh fher
from general %gi se. DARP is available 1 n previously defined GSM
standar ds eEPRtdetRioprgdycs aserenst cgubmed ditaJuedulying gad garsmittiagbathdhe and
i s an integf@komiihéd %’fta Relnb saBAd E&ﬁ@ﬁ@@&@&%in%@@an{@da&*@é@‘fﬁﬂuén%y 3nd

description of two DARP nethods. The first is the joint

det ect i on/ deareritvnasiobie nrodee fistt hodisccoD! tmsmitkdoignedgedofingthetiGaNhe

si gnal st rH&iBfﬁrg%]; fen@iRGRNG %%Hesszbt”onsﬁéé‘g LA éEg;g%'o hglML ke to
denodul at e one~of "several 1nterference signalS 1h a FtTon to the
desi red sibynahe ba3Pstatiabi ity to retrieve interference signals allows

t he suppressi of ecific adjacent-channel interferers. In addition
o dempdul ARR RGeS SihadiRih BRGMes L AR evalifios SoGaRisatute o
signal s. Blnistagktions et @kghg cngeldnad isple Blabdeli Sompitieteivat Hod wsed
in DARP to denodul ate the GWBK signal. Wth BIC the receiver has no
know edge BAMIEHENs EHASEERE & Y RS Siohifeherars Ap uargAdine tiraen fepams!
recei ved afreqRGeyd 88BcinpMustd e e el & canghidh th ShdrEGahYEIxisehgICe
the receiver is effectively "blind" to any adjacent-channel

i nt er f er er sonng¢inrié theedisatot enpmuset dineuglpl ers thetdhenrieh freqfeney, rglecting a

t a . j ' | at ed_f th t ed
carrror by tfieRobiinfe sHGe SRR LA rt B BEE Al Yt FRTPERIRE ©
GVBK- nodul a¢ve dospetdmhif alredusda tianesdatwincths chamdelcequbtoyume detmselected for

h tworks. [0076] A DARP ble . statjon . .
caaual | zor | HEPERCBPIRIE B e Bl 8 e REEREH B A QS ping

per forms Cidquerbeeddsans,ons @ ihesahOtifd yrk i Z8éH @B sarfleiiRahd BRqueks 411
Equal i zer/ detector 426 in Figure 2 provides denodul ated data. CCl

cancel | at | Brft $38eal Py opsbas sietighl - on a BS. Also, renpote stations may

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

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



[ 0080] The strengths of the different signals from base stations 110,
111, 114 are periodically neasured by the renote station 124 and

reported t 114, etc. if the signal froma ne

station 11‘8‘,)%@%’?}%@900%3 stronger than that of the Ser@{cﬁémg@gﬁmsn
station 114, then the nobile switching centre 152 acts to nake the

near by base station 110 becone the serving base station and acts to
make the s i i: 114 becone. a hon-serving.base station
and handovirs 0T R ABRE: SHRRPHS HRSEH ThicBL ABRRE o s 2T sl ip

refers to tohyeodwichost ot sbeodsignalsisharig daliaandes@h@isinga plraingof fda

call fromone QhaEne co negﬁ ?S,o. the core neﬁﬁ\éork to anot her.
[0081] In ERFIH AP RUEEHANTELL] BHE A s (b Ifest PIEdicauTIes SERTRST ar e
di vi ded i nhavigs DpiReEty Sfoughad)Rakeby EaGHala¢ bf ¥anke @Etﬁl%c%&fi's ddnbated, a

exanple a voice call) is allocated apﬁgrt_l cul ar channel having a
parti cul ar PUFAiBhEl cpinbigamsnesLhf vingne pdBwHiY i Ailkineitg pad 2t i@s encapetnit t ed
by the basghsi-td Rt id i i i.0; - d
recei ved by the reﬁo%%&git i@, ?’1’8 ﬁég{éz%:g)é&y %@%&g&ng) é{egﬁasgﬁeq]déﬁggﬁc%z%@
par ti cul ar sscshachnbsaid megisenoperhly comescted! to mke F gndloufplitsarfsaidt segeknby

the renpte _station, 123 - .127 tq_the base station 110 1, 114 and
el v patepdrRnd e, dt 1ok on sl SARGeF | Holibhed Sty i Fekpe gl AR
downl i nk apebdug «it Mesisongraidined ea@f el didshétee Alodulator Abviogva plurality of
si mul t aneous tréggsrri ssion and reception and to reduce interference

bet ween t r BRYH et 16355 05F QUM Whrdelyelbs; Hrogmiticy mqdalayr modulates fpid
station orcédined d8d Ringt heirPasiStRlguoitylehd, a Bt tinde diot LRPIGHuA 2
met hod for cellular systens to provide access to nany users is
frequency PRAE ofpefiacdsigals he acconmpanyi ng drawi ngs shows an
arrangenen -

requency | Lol elbhe! ot thebrelal PSRN, SURIAR 4 DAL HAST,
whi ch repr egepriséngda caeitioder Iracdseqaentes, a fidtxeneaitch dpeadbl benngded

frequencieg available for a base station are allocated . to th ase
station's %0%1? %g?et TPy %e—(’elber?tfr?lﬁgflﬁ?gl’%rgbl?’ FORcEedgdo ﬂﬁa‘glﬁ’??‘l‘ef e
i s divi dedswinthpa tdeei®er degidoktor Opéralie cbimecteStathe tecanet it i@, chemfl
frequency is 3I | ocated to each of the three sectors of each of 4
sites so t HECIH FIHe-IRIfECayST SRERRY Sopscisd P dhsreceivpedqmppdulptayiand e
have di ff ezgilollbr 1@%@@&1 @Sbasd utibh RVHENRY HRHER DRI RolRPRALUS the
itself after the fTourth cell. FIG 6 illustrates the systenis cell
repeat pat E@Yiellon) proggsesre lBycadar and inerlamer1aBTaly epgsced tedhd captrdiigse
station 11 : ' ] C and
S0 on. Bast eratt e ay iR ano R ahPliBgrh EAROT ety
adj acent susingtter fromasndB0didn dp@4tly ebnizdicd detvechasid tshanittensoddldtoand
114 respectively. Renpote.stations,124, 125 are fr t o rgam bet ween
the servi cgendar%lé%g'fpl%g di sltc‘f%’s%e 4 BEY &perplyy r%O&H%Céeqeﬁ?té"rﬁ?rég%ﬁgmf)‘ﬁ%
si gnal s bepueasorcakl tBe clemadl deebderiagd ablifedda0el, teSeteiaf dehaanebr, the
frequenci es, where eac frequen(%é[:may support one or nore channel s,

such that H8Fi¥TefPntc 819 sthe tEngmitise spesuladnrs pnsh e fransmiticss fremfagne pnd

frequenci esfiWdeyVB¥RiM, in tMOmERbHS whiRin Aty 3EnpGRE Lt IBY Jhs ]atiD6F
same set of frequencies. Base station 110 could use for exanple
frequency @th.ovkereinthesdata ponasispy Yauasgffarnacpnesieri fesatflpast pe sehdf Snfate
comruni cat | i e i ) b0 - | ce 0.

S ar |y, Baerd’ bt BobAp kb % FER, [(BnciaBRE ¥ KCuBRAR Rflnco,

al | ocat i onvalets dBtiversfut neinbey, dndeglien of dsnddd frefienand f6, to communi cate
w th renot ions 124 in its servjce. area 240 nd sp on. The, area
def i ned byﬁlrgg#l Hé?cpﬁﬁq%%ﬁﬁ’pé’ic%@ﬁ e tﬁg@;{;sgxﬁtrgetﬁ%(gézﬁawﬁu& il The
repeat patb@omer gipeahs fiof tho edlohvidg dewhidagasRiptidnolcldiRg Ga0grapkiscal

area servigced by the conmunj cations system 100. |t may be_appreci ated
that alt hoﬁawe‘f%eﬂ QP@E%‘%&HH%@%%F@ 456%1@%%80{19%% mdgpefic axampless, a

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



100891 As stated above, with DARP the renote station 123 - 127 of the
present nmethod and apparatus is able to use the sequence to

di sti ngui shot-beesigeal transmtted to it by the base stat]

111, 114 servzi ng the renote station 123 - 127 from ot heﬁﬁ%ﬁ%gﬁn
signals transmtted by non-serving basg stations 110, 111, 114 of
other cells. This holds true so long as the received anplitudes or
power | eveks .Qf; i | a_threshold relative
Fo the ampl eoaimar b RRo ki AN ol e e Re "L Fobd e
i nt er f er enofthe inviehigonneititkedorse gppatent fo thdvegkitiad & thempt.i 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 andBRIEF BESOURI$TION GRTHACDRYWIGSCan arrive at
the renote_station's 123 - 127 receiver contenporaneously if, for
exanpl e, t HE3S) {pralfetyeombist st oivigtaget ohdhe sweiong whhdecaramasns
110, 111, Jfrebabs thoGetdiRiiRickdiPRos sQ ortiPBeldw, IS BoniR020L,
Referring again to Fi guere.5, eatrﬂs‘ragm)t eostaet(?on %?Aa?(gtggcr?g %g@l onlsth
from base Yreaciwmanyiog fiowingsnot e station 125 can interfere with
transm ssi I om: t 4 for.renote. station 124 (the path
of the inter gr:i ngIﬁ |gﬁzsa R@ﬁo%(:kb]d;a%%sﬁfe‘%igﬁaar}s%t\}\?rf%?.recgﬁvﬁ’i'I arly, at
renot e st afl0df] 12Figurehshuvssi ok dizgpam bAs eccsivatiniitind 14efhodulseaot e

station 12 interfere with transm ssions_from base station 110
for renot eﬂ?ﬁg{]i oh! ?flﬁ’i"é E ?Wﬁ@%’%bﬁ@@% H'ggél?/]gnal shown by
dotted arr po31B2) Fiddev Bawe a5lrihpI spdeBi®Th b iGN sishén ST gnal Renote
station 1 receiving the signal Channel frequency of the signal Renote

station 2 {3P8hni EfEYhe & gnampliiedDawmreseriRtian 96 as cetulgr T@mmpniedtions
signal Tr agﬂ{elﬁg sequence code (TSC) of the signal Received power

| evel at renote station 1 Signal category 1 i nt ended
[0039] Figure 6 shows an arrangement of cells which are part of a cellular system;
{0040] Figure 7 shows an example arrangement of time slots for a time division

multiple access (TDMA) communications system;

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

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

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

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

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

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

communication 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 QCOM?7 set of TSCs;

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

TSCs with QCOMS TSCs;

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

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

[0056] Figure 21 is a performance plot when pairing QCOM?7 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 QCOM?7 TSCS5 with legacy
TSCS5;

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

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

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

[0063] Figure 28 is a performance plot when pairing QCOMS8 TSCI with legacy
TSCl1;
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[0064] Figure 29 is a performance plot when pairing QCOMS TSC2 with legacy

TSC2;

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

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

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

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

[0065] Figure 34 is a performance plot when pairing QCOMS TSC7 with legacy
TSC7,

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

information to a remote station.

DETAILED DESCRIPTION

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

[0073] Interference duc to other users limits the performance of 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.



114 125 32 124 3 TSC 3 -79dBm Interferer 7 110 125 32 125 3 TSC 1
-80dBm Wanted 19 [0091] Table 1 shows exanpl e val ues of paraneters
for signal bRRsEkd ted by the two base stations 110 a 4008

i1l ustrat ev?jolﬁn F|§gure 6. The information in rows 3 and ;'% QIO/tO)TGSH
show that for renote station 124 both;f wanted signal froma first
base station 114 and an unwanted interferer signal froma second base

station ilfhg%]dslhgl]%%ﬂ%ﬁﬁa i fefe%@ga%c%gtﬁlhfé ?ﬁ]%fnhé% {8 1 RAGLVE (ﬁgﬂlef he

two received sign ave e sanme c m [ar power Teve
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[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).

10077] It is desirable to increase the number of active connections to remote stations

that can be handled by a base station. Figure 5 of the accompanying drawings shows
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number of channels. Each active connection (for example a voice call) is allocated a

particular channel having a particular channel frequency for the downlink signal



[ 001031Fi gure 8A of the acconpanyi ng drawi ngs shows an apparatus for

operating in a nmultiple access comuni cati on systemto produce first

and secondy siggharing a single channel. A first d 401
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and a secopg, . sed ] C 406 co |nes

sequence 404 %&1 ﬁgmﬁ??@gﬁ éﬁ%ﬁ aﬂ'?gl%r?(t)odaggm tIeI’S ég

408. A secuomdivedbpitimeremé@7staambi2ies 27hend eebmﬁebmu%rmgaré&ﬁamhhﬁhdi he

second dat 425 t odu second conbi ned data 409. 1041The f| rst
and second %8 g?ipté fﬁ?ﬁ)%gn“i ggd%%ﬂqdn‘auﬁetrsmate tbfdélﬁg H’SE‘ tet

modul at or #4ds@ sftzﬁfonFTDl@WiaI iNg HEt Redib@l by gt ba’%@@.tafuhﬁ? 136cend zqgmbfrﬁ@d
data 408, 409 usij ngo)gg first carrier frequency 411 and a first tine

slot 412. [TRAYeRFiEs B Sapnkink nddindink sigasls preodige Aidleranayo glé%eﬁmlléfdn@w»an
osci | | at or y4eshnissidieantd” r d
signal 413 and as%gdcgrﬁ&?}g%%&gt%g&g%ﬁ%% réﬁgé tg%{kgeréég {ng%dr%%g %&‘g
The RF froHe eerivedrignelssasha temotd stationaerdl 28ec d2iblatnbel bisatsedioni IgHal 1o,
413, 414 by;ppconverting them from baseband to an RE (radio
frequency) }requency The upconverted signals are sent to antennas
416 and 41[ﬁ)m}eAemtthe@/fcaroeHmlesmmtmweIpyoxtmieamessttbeﬁhny[&@rl%}‘r@ﬁ'@nﬁjr rst
and second rmd %g@nal s may be conbi n d in a conbiner prior to
bei ng trank HS? h Bﬁﬁ‘f‘fﬁ*&ﬁ WH8 dﬁkﬁvn@e“f?wﬁaﬁntarﬁpg@mrﬁé’f CF]ilﬁem a
transmtt eéel]‘mlﬂoﬁhﬁfmcﬁﬁ&ls% stehethbudes GRbuaRY rdke. Pkis 3aSRRAI &k fnnle
device. A single WO 2009/ 0g6389PCT/ 1JS2008/ 076312 23 antenna 416
provi des nP¥risreres factonREil2s Whigh rensesspiatdi setler 12 fficquengingl Shetonensifghal s
by radiati gg. lZTfiiEq%eﬁc,?es'a!vhl%tler 2k %q)akenst%,: tF ar gliooggg 19 fél]e': Do tg‘uo% so%m} he
acconpanyi ng draw ngs shows a net or using t ara uses
operating $ifesdabeladtApl @ iBetetsd ioditiuni Eatli site lsyis‘néfrdl nntD thraeciactersf (or st

and second n a SI le chan res 8A a

BB TheC macalisanSlaasHARL R oL i for) AR B0 R Beh, R e Wb Serione P anc
a particul eachtaf rznm:te!; sd tHapall af bﬁsle’, ssttatd Onedidfy silelfbr 4Jsités)th@véJ§1¢fe¥éﬂt
transmt t l.ura renpte stations 12

T eron: " BrdlieRrin bt Yimioaty ERAS arime apos I8E ARG ahG fet ol B10 103 -

127. Thus ilRs@A& &%agRbm’s dehirspdaebitash E@O’v@x@reﬁﬁ(%ﬁ%t Eflionn 1&)%1%%%?%
station controller 151, 152. In another exanple, this nethod e

execut ed i FFlaAphrse stefian il ihbalongs to £ell By base S[t@@mdﬁilbelwgﬁf\ﬁq@ﬂt@lendsscart
f th t
of the met hods:30dwigh $RPAS!LRiS FBAG2 glagéxgeﬁagso‘%ﬁgdﬁ%ﬁ@%ﬁg&&&

set up a new connection between t and a
remot e st a?3toandi#g of adjagent b#SEtStwomlstndHM Kpedtively. Rtreotrstatiod gy es

back h 5 dth bo
he answer 1 gk & RlnP SRR SRR SRR X RERIABGRGC soac

deci si on i sitarfedmcasoft mgudietli&eﬁeehheaﬂe leSchaRelUnbis@de/banNgdt 6f .cBanmdD
unused ti rr\g s| ot. for é?ﬁe}hgnnel frequency). If there_is an unused
S

time slot S USed” rB?ire BUCASNABY FPRYELSAT YT migie fhanslswsushnihas) ot
i s allocat&fjadeht dh196k DBdated MiercrRBt Modoﬁdﬁﬁﬁem\é@%nél@sc kHB\Qe\tepecw%tcgpg

bl ock 501 and the steps above are repeated 81When event ual
there is nda bRt afél?vpeehl@@easetthwr@ P@t Of(fb?él@@u?s‘é Hake titipn 1§D@D@ldaﬂ|s€e

used for cgpnechhRNS) S Oyt t is NO,
and t he net hod rr%ves ({u \é%lrSS& » %ﬁg@%ﬁ%&?ﬁﬂ%&ﬁeé ?i( 313 ot is
sel ect ed f@ﬂnnmecaﬁleg/\wdnn@mte sratibws $2ﬁuue itnistivicararex 220.i Simdathnéetd on,
accordi ng

of, fir.st cri ia. Th a var.ie of .
criteria. orO%eI;glr%) féiugﬁeblcerxa?lgt WY haﬁo?)aeloflﬁ‘é%ﬁoﬁ’%n%%‘iueﬁﬁﬁs be
sel ect ed i, i arkdaf$, fo@omintuaidatcowittAreaidtestatink 1 84 inOifs ¥BNcddBed DAL abd e
time slot is read t han.one renpte station 123 -
127. 1t caftt bgheaffﬁ? ﬁ%ﬁ’%ﬁi@?ﬁﬁorﬁrﬁﬁg GRnfansne Jpyaite gensat mtermer Theer i a

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

the 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 tygB@l9ksse ANOt her criterion mght be that ths, l;ﬁg

used on that channel by a nearby cell or sector. The match 0%/09(352
moves back to the start block 501 and;ghe steps above are repeated.
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al so to base stations 620, 63 640, as shown by Figure
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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



processor 660 accesses nenory 650 via data bus 670, or accesses ot her
menory 685, to obtain information, for exanple information about the
current al{gGakl9ksef tinme slots or training sequences

whet her renpte stations 123, 124 have DARP capability. @r@%@%@w
processor 660 then generates a commang; (661 or 663) and sends the
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exanpl e assi gnment nessages, to BSC interface 921 via conmuni cations
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coul d al teghaddyedy. be @@&@&fﬁi‘?gqﬁﬂ%@r’@%@!e%ﬁ@@hoxgﬁle\’ﬂn&\% ansmittﬁd
7 an the

transmtter front end nodule 92 or in other stages wthin
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s T SRS Tip Rl R e S Pu BB Ey HRTERE it A ons
110, 111, 114 in order to reduce interference between sequences transmitted by base

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



shows no val ues but

two signals transmtted by the base station 110, 111,
. In order to serve additiong| users using the sanme channel
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[0091] Table I shows example values of parameters for signals transmitted by the two
base stations 110 and 114 illustrated in Figure 6. The information in rows 3 and 4 of
Table 1 show that for remote station 124 both a wanted signal from a first base station
114 and an unwanted interferer signal from a second base station 110 and intended for
remote station 125 are received and the two received signals have the same channel
and similar power levels (-82dBm and -81dBm respectively). Similarly, the
information in rows 6 and 7 show that for remote station 125 both a wanted signal
from the second base station 110 and an unwanted interferer signal from the first base
station 114 and intended for remote station 124 are received and the two received
signals have the same channel and similar power levels (-80dBm and -79dBm
respectively).

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

[0093] The co-channel interference may be mitigated to a greater extent than
previously possible, by the use of DARP enabled remote stations 123 - 127, base
stations 110, 111, 114 and base station controllers 151, 152. While base stations 110,
111, 114 may be capable of 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 featurc 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 cach
base station 110, 111, 114 to each remote station 123 — 127 are similar.

[0095] A remote station 123 —~ 127 that is not DARP-capable, by contrast, may only
demodulate the wanted signal if the unwanted co-channel interferer signal has an
amplitude, or power level, lower than the amplitude of the wanted signal. In 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 CCl. 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 enabled, to cach receive wanted signals from two base stations 110
and 114, the wanted signals having similar power levels, and each remote station 124,
125 to demodulate its wanted signal. Thus, the DARP enabled remote stations 124,

125 are both able to use the same channel simultancously for data or voice.
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[0099] The featurc 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.

[60101] 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-

used training sequence, the number of communication channcls is doubled.
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{00102} DARP, when used along with the present method and apparatus,
therefore enables a GSM network to use a co-channel already in use (i.e., the ARFCN
that is already in use) to serve additional users. In one example, cach 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 sccond 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 are sent to antennas 416 and 417 where they are respectively
transmitted.

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

transmitter modulator 410 or the RF front cnd 415 or a separatc device. A single



8 110 124 114 125 32 3 TSC 1 -99dBminterferer 9 110 125 110 125 32 3
TSC 1 -101dBm Want ed

W0 2009/036389 PCT/IS2008/076312

23

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
I51, 152, In another example, this method may be executed in a base station 110,
111, 114,

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

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

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

second criteria may include some of the criteria used for the selection of the time slot
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a function 661 to generate an access grant command, a function 662 to send an access
grant command to a base station 620, 630, 640, a function 663 to generate a traffic
assignment message, and a function 664 to send a traffic assignment message to a
base station 620, 630 or 640. These functions may be executed using software 680
stored in memory 683.

{00113] Within controller processor 660, or clsewhere in the base station
controller 600, there may also be a power control function 665 to control the power
level of a signal transmitted by a base station 620, 630 or 640,

[00114) It can be appreciated that the functions shown as being within base

station controlier 600, namely memory subsystem 650 and controller processor 660
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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 sclecting 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 thc base 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.

100119} 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
mterface 921 to a base station controller 600. The base station controller 600 then acts
to grant, or not grant, a channel to the remote station 23, 24, either autonomously or
together with mobile switching centre 610,

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

combining of the several 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 transmit 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,

[00122] The base station controller 600 generates and sends to the base station
620, 920 a second access grant message as described above, and the base station 620,
920 transmuts 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 set fl is assigned to all remote
stations 123 — 127 shown in the table 1005 of Figure 12. It will be appreciated that
other portions of Table 1005, which are not shown, will show frequency allocation

sets f2, 3 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 /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, multiplc sets of I 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



SO 2 -102dBminterferer 7 114 124 114 124 32 3 TSC 3 -102dBm want ed
8 110 124 114 125 32 3

WQ 2009/036389 PCT/US2008/076312

29

resulting I and Q samples represent all three signals. For example, the 1 and Q
samples could represent the vector sﬁm 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 Aspects
[00130] Table 2 below shows example values of channel frequency, time slot,

training sequence and received signal power level for signals transmitted by the two

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

127.
Row | BASE Remote | Base | Remote [ChannelDownlink TSC| MS Signal
STATION | station1 | Station1 | station for| freg- T3 Received| category
transmitting |receiving | serving |which the | uency. power
the signal {the signal] Remote | signal is level of
1 station1 | intended signal
2 114 126 114 126 32 5 [TSC 3|-33dBm | Wanted
3 114 123 114 123 32 3 |TSC2|-67dBm | Wanted
4 114 124 114 124 32 3 |TSC 3}-102dBm| Wanted
5 114 123 114 124 32 3 [TSC 3]|-67dBm | interferer
6 114 124 114 123 32 3 TSC 2}-102dBm| interferer
7 114 125 110 124 32 3 TSC 3}-105dBmy 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 |TSC 4|-57dBm | Wanted

Table 2
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[00131] The rows 3 and 4 of Table 2, outlined by a bold rectangle, show both
remote station 123 and remote station 124 using channel frequency having index 32
and using time slot 3 for receiving a signal from base station 114 but allocated
different training sequences TSC2 and TSC3 respectively. Similarly, rows 9 and 10
also show the same channel frequency and time slot being used for two remote
stations 125, 127 to receive signals from the same base station 110. It can be seen that
in each case the remote station 125, 127 received power levels of the wanted signals
are substantially different for the two remote stations 125, 127. The highlighted rows
3 and 4 of Table 3 show that base station 114 transmits a signal for remote station 123
and also transmits a signal for remote station 124. The received power level at remote
station 123 is -67dBm whereas the received power level at remote station 124 is -
102dBm. Rows 9 and 10 of Table 3 show that base station 110 transmits a signal for
remote station 125 and also transmits a signal for remote station 127. The received
power level at remote station 125 is -101dBm whereas .the received power level at
remote station 127 is -57dBm. The large difference in power level, in each case, could
be due to different distances of the remote stations 125, 127 from the base station 110.
Alternatively the difference in power levels could be due to different path losses or
different amounts of multi-path cancellation of the signals, between the base station
transmitting the signals and the remote station receiving the signals, for one remote
station as 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 cach 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 levels, or the base station 110, 111, 114 transmits both signals at a
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fixed power level. This situation can be illustrated by further reference to Table 2 and
by reference Table 3.

[00134] While Table 2 shows remote stations 123, 124 receiving from base
station 114 signals having substantially different power levels, on closer inspection it
can be 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. 1f 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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to the BS. uf@0ietiHighat.er natlvely, the deci sion coul d be based on the
RxQual par r ret ra to the BS bgthel\/Bfor on& EA eriod
(0. 48ns) . | i A GPURDOTR dReasie i B re R i S and BPIRER s

to an esti giagledafuedtion 100, 1] 1 @ dafLGndnfit Afifk BRELccOfd DEHas ik (iSRG BEPP
TS 05.08). This is a standards defined neasurenent of reception

qual ity cofistand srgonskrempigtttatioay, B3s- bhorestseiedp sarhssigng! riemBiad qarthor
Rate (BER) sé?rfle E}ﬂﬁnél e&ﬁl 466 sz%hzg Nbin Ehﬁff&b&ﬂ%mf@@ REAQ! Tfnéihest r&m

hi gher RxQual . 1ations have sh vvn an ower
an advant agemﬁslﬁell@@ ha¥ing HP SRR cherbiliy 1&\/&% oﬁreﬂlattraamng sequences to

00150] Al' t ma
[sel ect} on gr?@% S\:‘%y%ftﬂgp | caggécof%ﬁleslega\a}earnggt Jé#] EFG% 3%‘ piirst
recei ved i sigalBnwhérhihs amplub.dieabﬁ thelfstr epaketed shghalsl”kﬁe l‘aﬁas&fnhellly tviRin,
di scovery bur?%]ﬁ,bfn tgv of at |east 100dBm has been shown to be
advant ageotfs? ?eea%? ular criteria for MJROS pairing have been

descri bed, [dot44oul d aguphai FIG. moﬁktﬂa‘c &d nB@Jo?l@ﬁ‘ss[%@ihe@E{ﬁ&’ pRyshar
criteria could be used instead or in conbination with those

i dent i fi ed™aPHERS. © JBP AROLHS tsEEIOND buballachies dHfareik trapimz Supaises By Ggant
met hod andeapPabRleusiusesvd Bl kiNeLRARE Lanatidiit gigﬁxratl zgn@ﬁﬂ set

to avoid the need for the network™to support a new n et
intended for the other co-TCH user (shown as a dotted line in figure 14). On the

downlink, cach mobile station will consider the signal intended for the other mobile



38 levels for the co-channel users are |arge enough for the caller
who is further away when they share the sane ARFCN and tineslot. They
can bot h heeeomhssssane | evel of the power, but this camrchascapmosed
if the network considers the distance of co-channel users fromthe
base station 110, 111, 114. In one example, power nmay be controlled
by identifying the distance and estimate the downlink power needed
for the newutisess 4281 -and.Ze'g'ect'fﬂfﬂ Bt Rerenbe Cf(hﬁlse ﬂvb’l rdﬁ%&htttﬂﬁliﬁg Bdqhences
advance (TA Bara ter ach ser 3 ég user's 123- 127
RACH pr ovi Bi8% O¢ B ??Hp@r% enep Gfom 4npt eﬂﬁm W¥ar Di stances
for Users [00153] 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 (TCH = ARFCN Baiting@iM§8 an existing user who is

in the SarTF) 0584 andA% rcﬁ:}%}q ll%XI L ﬁl‘e@é}ﬁ A aﬂﬁ%ﬁfﬁr@ﬁ%%?@}ﬁﬁé@ﬁﬁa gfre

power | eve ntif anot her nove at the
net wor k nasnay Poe nschigd 40 glentifyivehidtGhf th@MSa eomevted et partitiiaraB St MUROS- TSC
fromthe existing.user of the TCH. .- | ect.i on
of “Speoch btk BB pRind B R arsruemabiignof MURQS ol

rej ecL i onf&mbi@@&&magﬁb@m@@' Wigh MUP}(OSQIEM dﬁ@%ﬂﬁﬂﬂﬂ@ Eﬁﬂtﬂeﬁ]is:bbuld
speech codec i.s use us net wor use this criteria
and assi gnldGPthg’ g s FUWAT Fane '33(/\]@? reﬂWBP% *héé\é%lsﬁlaﬁﬁmt% Arfdasgankdhce

to the remptiecighadd 8BmleRS told Bsadrdtst J&Eaiﬁ@lﬂ%c STHiS %%escl:mﬁ in QH 0B ¥t be

better if the network finds co-channel users who are of simlar
di stance t &Sthalgy inithe GERAN standardihi Surrentihy ghet gandheds gefifeor passomrk

o 5 R PO o 10 |8 29 s eRias

t he ot her e weaker S|gna
i nt er f er enggpoifing & hew @mrbﬂmseqeemm clssmeyk horisieddefitele MB&fcaaaelsfmom

LD, B9 1100 by Bt S 0 8 PR BB 300

execut e t OaIMedpiat 265.t heditiod8k | aepneahd deiitier ofel DRRP Wassmark in the

2009/ 0363835{%2{11%’5%3%08%{11%;%? ]f:l% n%% 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 Intemational 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 capabilitics such as DARP and MUROS. If the phone is DARP or
MURGOS 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 alonc is not a sufficient criterion for determining whether a



Frequency hopping to achieve user diversity and take full advantage
of DTx [00155] Voice calls can be transmtted with a DTx

(di scont i mwousosmsaasm ssi on) node. This is the node thatetitoosio76312

al l ocated TCH burst can be quiet for the duration of no speech (while
one is listening). The benefit of thaBéwhen every TCH in the cell
uses DIx is to reduce the overall power |evel of the serving cell on
bot h UL angdarbtylahbiSceant sherei m‘em@ma@tht@oakh@& GABpdRRiohE the B awill hi S
has signi f| t effec as normally p do_have 40% of tine

| i stening. hﬂ*ﬂ‘ﬂ“ﬁ)ﬂ‘%% WF&“H%‘H{;E@“H Oﬁﬁmh%c?ée B\ Rippr MUROS
achi eve t heageBRW PRNGfehfifi@fios LANMSL dl{lg%-@ﬁ]rg— Qeﬁﬁtidu?dr%%t%k&@erp%ﬂﬁp t
for MJRCS to be achi eved when frequency hopping Is used to estab

user di ver §iifeyia. Wien two MURCS users pair together, there could be
some perioghRl7t i Me fak 2al, ough. this
is a beneflfbt to ot her%t(t: 1P%Rg@rstaeg%jégggﬁlél?ﬁh’gltﬁgrqﬁgfmﬁéw% Y
pai red useﬁ@l@amenhmu&rbhefemablfshein (Bachteptlbed of Iﬂomhzht o figas@3). Whien

both are ip_DTx the S are te ota th
advant age 0 oWl dee BOT% I’ltPI P'faye “lgﬁ\%gg‘?&ﬁ OSb@r“%Ng% av IFFé’ ﬂ’ﬁ‘qﬁéﬂ"t (See
frequency l;leppsngof ﬂowa{ﬁet iplfage: $9. tlhatald @ieﬂu@p@ifmm&@ﬂ)%stéﬁa@ax@&bﬁh ng
with each o her am.c on every frame basis. This met hod

iy oy, '

i ntroduces®#§ef? (Peg stepnid3 OB Rt aty dgureahd. r SMacey ohe
probabi | i t YetbhdhinBQhd 1rﬁé}4fé'r@rfie VoRERnUSRESILAS & A MRTY 1o den@laSQis ovety

i ncreases the probability of having one GVWSK on the TCH Bene
i ncl ude i nbwe@siThig i héh%raﬁmbmﬁe@%tchmhdmd@ Bontceteod s @em@ t he

) Tust rat ol SR F R O A B BB et e R G R E el o

rate speec hasuos;be@@ sighal Bith €sudrinibosdd, CM, s1gtva1 mnmmwwnﬂ lavelRFWbever .

Callers A B, can be n en n i.tion, callers
o a e e e R R AR pe SR8 s o o8 Pt P e b
frequenci esall ARFabyfih operaffon fs3seanNdThi . dl@khl@iﬁe‘i the dideov¥ry W8 Bom the

frequency hopagl ng. In add| tion, callers T, U V, Ware on the sane
timesl ot TEAUHNEICESEr equencies fI, f2, f3 and f4 (MA list). Suppose

they are QIM@WS]HSNZOM a%ﬁch%k %@cméntat%n%%tﬁ)rés%ﬁ%&ﬁbé’ ﬁldy‘«ﬁagglja%ﬁ t}% ! l

let A B, Dpair wt Wi n cyclic formas s
tabl e bel oﬁllt Ergg Rrolgbgay (BEE)mé RSO ITET POranBets fnldmafrnwwwmmhu

B/ W BN 1 é%@"éf%%%%%”f@%{% 2 R B Pt i i P

DWDV D4 he™MBW plBth@/rbpdﬁ' [fack[tﬂ@liésB]STha thb GERANS standardsa theeRBATS e
This formis sele to it works.., However, it.. shqoul d not _be
linited toreﬁjﬁeisgmf)(gb ﬂ‘hﬁ ‘faélfesyé] g@r?e??fresﬂoﬂldwgrt%l G llﬁéf)? El’t 1T Bbr e
randommess2§¥ apait lcﬂ@espﬁnduﬁg foadpteBbility BF 6.0259. b@oﬁ@%@ﬁd@C{h@MgH&tt}l@l |
of 8 users_on frequenc hoppi n%gon the four MA |ist, nd gi vé them

different PBRsth FlgFPafqﬁéhea”ﬂPél\‘fé obJagriyiB o eriecs 1137if§%e{vmheﬁEPplﬁ asoted 23 wo
users are gachr Me%hnc@hﬁas-[{r%ft ?Jpo£t@’0éﬁgf] the®utst E%tbegﬁ'ts&?qf RRIgSy the

traffic channel (T bei ng used
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 occuring in
the burst at the MS. However, the BEP on its own may not be an accurate enough
mcasure of the qualities of the MS and the channel, particularly if there 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



exanple, this feature is inplenented on the network side, with m nor
or no changes nade on the renote station side 123 - 127. The network
al | ocat es WOT@8@G8A second renpte station 123- 127 t hacTis2akoaady

in use by a first renpte station 123- 127 with a different TSC. For

exanpl e, when all the TCHs have been #&ed, any additional service(s)
required will be paired with the existing TCH(s) that is (are) using
sim | ar potherBEFGEVBERpTaesei fwot entiddi 41 onaklasé byithe siasdadARL bkigat a

call, then_the network fi four existing voice call users that use
four conselG§VE é’f’ﬁeé’gftétf nlgr&/is?rﬁtjé?f‘heagr power requirenent to the
addi ti onal [gagw9]r enDt BlighaiveBN the2&cisiohZobuld be LRARH DN e Q@((ﬁ.ﬁip BardBERD,
the network can reconfigure the tineslot and ARFCN to e a match.

Then the nEt4iBEkioa8e By thedp dor onc SassEHtnsriod (8-A%mpeRodaiah iscayalue
whi ch needge@ELnl 647 Wﬁ'élg@ed%ﬁ‘%ag@tc%rrgﬁaloh dsatlosaﬂ di8Rste@ niinb{SSret r;r$§m %
addi tion, the uplink power for tional one may brou eh

cl ose or tpumepial butsts (egsl FolkP ES\ﬁérOSbf Thikes aehmda@dssddmsd)mea@ﬁemenlﬁf?

al ready us et a Re 23 -
L7 v et e sen B pf izt levs ARG HinRr R 1Bt it el
mor e t han (Blm)t ofreld otceivat | signahenThd hn@ee\ﬂ&m)erref r&tbl tHeuhighere RSN it
is odd) of sI ots ir Thus ed capacity my
be achi eveﬁinﬁﬁatb}ﬂl ViRy “fhr‘?@’nl\% 1%2%‘% 7°rnlﬁ‘r"’8r fon% %Va?@@ous B)oite Phg
mul tiple Tﬁg‘@homtf@fmejmgaop%}aa{bhon 123 - 127 may, in one exanple,
conbine its galred timeslots into one tineslot so that the actual RF
resource al0082¥ti on 4Mégmativelyqthe paygmetsy Rihey mapenuadly depises asfaoreleqthpn
data trans 2. SHPPES I

and B4 in %@% TS2, T%%&gkﬁé %Eéﬁv%vﬁg&a%%ﬁ? &ér}gﬁgw%slgw ﬁ{ eﬁprrﬂél?évh%%
met hod, Blalsmée Bporedicatss iMjh efferche de@@er}smrstTSGORxm beatB3saheDdBm

haveadlf r C The, t,r tt.ed on
15 1, and ﬁe@é %@9 had B S ?néa At tvgﬁ b rgfj’g'garl %ﬁ%{ra %Wa%mng n
this way, hdhe uaeneﬁesnube&w_\a&ﬂd gomRi tg he tsklise PelsvwDiHat MRSY 6hSr érxeria
transmt fou ursts over the ai The SAIC recei ver can decode Bl
and B2 wi t?‘P“%‘é%d‘ éﬂﬁ GBEOQW(PO@?ZIWI?‘F]W*F@ Se lﬁie’bté‘f %t ocessi ng of
decodi ng the four bursts nmay make this feature work seam essly with
conventl onal approaches. Conbining Tineslots 00162] Conbi ni ng one
user's even nunber of tines| deigtReigctionlopdhe Hplinkyer t he air (OTA)

al | ocat! onporsshing bRl Sfalefnabaks ol palan Liaeertddl 1onyl DAXF
for scanni ng and/ or toring of neig r ceI s and s em

i nf or mat i ofepapititt ef fthﬁf hivadsht SEeravmdgthcedebd dnd tlmengiwbdr tco:ehms)rt Thewe
are sone f rf [es 9 the network.s

t he addi tllg]naﬁgté%nsﬁgthﬁ%n’g 5 %mcaﬁa”ﬁﬁgi“sn%mﬁhﬂg s g g} ‘\tA@'BEf%)gypﬂﬁ’é%d

on the di stahceenfe.g.héoinedetegions. Itl mich | @ldhynreh esiigintt kvisay ths earhdre
TCH whose users, are at a si.m | ar di aﬁg\ncelaPThl s can_ be done through

timng TA BESKAURSQLES arepsigneddafvg ki chd e reol e fpssignade. BS
110, 111, difdrenChan@RSsdqlemte! VAT the thpﬁf‘llf IeGcSRbAORRRLN (1991632 The mbove
al so neans that if two co-channel, Co-TS users are noving in

di fferent BicsaEEeHind W eprBviuagnayowaraddferal Beningdeatracot Kby nplweiing

away from I emw |l swtch
to gnot herﬁl_?%_{%oh@ étgdwnt?(l]aetﬂ?grtgn%%# of thrg%gghv@j I‘}n“gvel Thi s

shoul d not be a problem as the network nmay be continuously

re-allocating the users o _diffe entdAR CN and TS. Some further
optim zation may be hel pf@%&&%@—ﬁ@—&m% ection of the new
TSC to be umm] as tTd dice theadRebned folvthdieclls, aﬁ:umw;w NeLse4 adtisdy N
in the | ocal rga Oneavantag&%of thlsfeaturels hat it uses

mai nl'y sof ]ttm(? ok AREE TIHIVA AP WSremeieqs mebilg statipess digtpnasfomdhWhes on

network trabie izhanmels Bss hOMmessst | 1BY1 1, D64, QRSRE ?Qﬁeﬂ@@%ﬁsﬁlﬁecﬂl?y
Co- channel operation for both voice and dat'a [ 00164] Furt her
the BS 110, 111, 114 to the MS 123 — 127 on the downimk may be lower than to

remote stations 123 — 127 that are further away from the BS 110, 111, 114. The power




co-tinmeslot) may be used for voice calls as well as for data calls on
the sane TCH to i nprove capacity-data rate. This feature may be

appl i ed t ovQGBK/ope8Ul at ed data services, such as CSI tect/waashteSi t o
4. 8PSK. Fewer Tineslots Used [00165] This feature nay be applied to
reuse of co-channel (co-TCH) on data 8&lls to achieve increased
capacity. Two tinmeslots of data transfer nmay be paired and

t ransmi t t ettvelsifogthe we-dhames usdrs wiet large venotghafoniting cdler) wéb de Surtiee dwhyp

each of the,corresponding b The re.assigned to the target
receiver. THFS hr%glﬂ%e }dhﬁ 58“9127{%@1@[‘%{%%“% I?arﬂﬁ?}](’jﬁ%verth?i e%g of
2-ti mesl ot tdoyswerNbut WRI cah eagFoRAWE thé REtwbiiTBorfsRierst 8 JIRGRE \HETco-
Changing from4-tinmeslots to 2-tineslots Jﬁl ves the renpte station

more tine FRRNAY WEROM Hwibise saeen pdhild brildg Nopnaiagmlanpeen mpr bye
the hand oéém&mg&l@( idkg%f}ﬁ%]tﬂg"ﬁstﬁ%%ﬁ%tﬂﬁée e BFAPOPEM:SeWeh Ror the

respect to Multi-slot as_s confi gur ation requirenents suc as Tra
Trb, Tta, WewuseriYhan?T Ehid caxbedehedhDyghaiie dinvCadnedes (1) geramaier b€

rel axed. Thi ans that ere, ices.for, .th e Kk, to
serve the eC?rlaL{r%%s r'ol%é}\'/%%glhoﬂ{fgr %gﬁ g?g?iR(rjlk 5 éc{e .Ehlsl"rli]l%% Q)r %‘\é\/g{?e]sltom
m nim zes the lhinber of denied service requests. This increases the
capacity and throughput fromthe network point of view Each user can
use | ess resources w thout conprom se of QS. Mire users can be
served. In one exanple, this gmylkPeidtsmterted as a software change
on the network side, and rempte station 123 - 127 is adapted to

accept addl®lgHal TSROt nEwy ferture istomiie reypBisT Mithy simriles distraneg @2 on
t he networ Kkt il i : ' -

capaci ty-t hr oaepkne i8N Rle ARSI el e SRnhdRTCH - ARFCN
conser ved, am/En) aitvnl existing uspstwhorik ini the barsy celPawedt somiter biéstahay et nzedt he

renote statj 3.~ t. ndover .perforyance .and | es
restricti o%dugﬁly#%% Wor as?égg’%ﬁ lﬁggnt{él%flg Al 50, and Gfrrﬂ??’%s%agmﬁésr@%trt%nce
can be achh@werk may then assign this TCH to the new user witBu@liffeadnk ITSIC from the

[ 00167] Theﬁ)Pr esent thlo and apparatus may be used with dual carrier
in additio ,‘St{r’(gqsﬁ‘ﬁ’:}ﬁi‘?e %@Tformance. For inmproving data rate, there
is a 3GPP 43 specification which allocates dual carriers fromwhich
M5 (or UE or renpte station) can get two ARFCNs simultaneously in
order to increase the data rakgstc S te station uses nore

RF resourc et . 2.0 i oh i i
stated i ssg@sl gﬂb%ve.%ﬁv&%g%&r%%% 1%3%@3 p(\f{@s%i%Ctlﬁﬁegﬁgdééﬁg Ctaggﬂe
appar at us _irsbiavillpro demrerington vexitssricnd) AR capaTHels cbepemerit QWD

that the network .i. le taq use the cq-TCH,. i.e. co-channel. (the
ARECN ¢ hat 1% ot (S DR D8 S MBS dhShiink o BF e PEinE s <

al ready i ndisme)e tottle ©avowestaiddi 108 onal abé tesoddtd upsdo Thieke it exdyra bseevf ces
by assi gni g_l% diffg&.&gt TSCs to the different renote stations 123 -
127. Wth HShRsPEsdRgheeghaapiciercrie e Qfeigilar digce dontiesBe dAP.C ldnd
eeSAl C), | 114.SThROS b ke tHeOr AREAIRE ahnfitaBod BF LT &jc@6BNIT M sidRal is too
user/service on the sane ARFCN and tinmeslot. Oné feature used to

i mprove capEREt sPrngradotoyhe tadry thel weakeCsigayl mive nebo b Cetected alueitp thewo
user s/ servj Shar - nalifint hree
iser of sor v Saer e Thelole ARt mp EoheldiP bl ARl FoHSRERS f1g, 1

met hods di $t4 tsecr aboy evhen\ashgning ed-chonthked advantsge Tk foliosinfeat ur e

f GERAN vyoi dat | ls. [00169 i,ng. SAl C of. ARP bl
r ecei ver f é%c%lu%?s%hﬁcshgt}alg nswogﬁ@a% f’%fnll%%:ion hF é}geelﬁﬁeﬁjﬁ')ﬁlﬁeot%%ﬁ}a?ﬁ odlls:

apparatus, two different training sequences are used for two renote
stations sharing the sane channel. Characteristics of the training
sequences that are evaluated are auto-correl ati on and
cross-correlation. O these, cross-correlation is particularly useful
to the present nethod and apparatus. The DARP function perforns well



[00172] It is possible to use two different existing training
sequences shown in Table 4 to distinguish users in a MJRCS cal .

Tabl e 4 diwohkesmssssghe exi sting eight training sequenceecras2@znstiang
GSM systens identified in section 5.2.3 of technical specification
docunent 3GPP TS 45.002 V4.8.0 (2003-86) entitled "Technical
Specification 3rd Generation Partnership Project; Technical

Speci fi cat i on Fé&qoepyGSpiEDleacRade oscAdvesity Med tak fill dfudrtigelo€XiTRg and
nmul ti pl e access on the radio path (Rel ease 4)", published by the 3rd
Gener at i on[0Basd|ner shWgicdr @ilieCleaf 3GPP)rasdnanetnr @ghsat thTY Qli@smiHARLE ON.
[00173] However. that ‘\é\\%ﬁl ﬂ r,egiuce ei ght stand al one training sequence
sets for fVFEEIRHHIY grefinilAl 1t S1erBege Hal the allecatsdnl (i buish crankeeqwetier

whi ch may @ darablbh of RS{EEGIIWEE bk i ﬁi@t@hﬁﬁ%ﬁh‘hﬂ;é}ﬁﬂ{ SGhat MRE8(QY &cH he
present patent application identifies the followng two new sets of
traini ng sédhertscuis b te arlugpiik owkeh pewprdeyahgf the a¢rming gels ey beth d8s
defined i naﬁdﬁ,%%h@ Hﬁ&'k’efrén%@tt(%:_@ﬂer Igl?b%\%@ﬁc%gtﬁné’iﬁe% S %Ef]SC&I?J effect, as
ort hogonal trai’ning sequences. 1St ng training sequegnces Arba
used for |egaelly meomt dodtaat 40P of vihiel lestdniver. M 3Bt fekuré rcam benged in

sequences used f new repote stations capable of executing
this new f%&imoﬁﬁﬁﬁ"f%{t%ﬁﬁ{eﬁ%\%h‘é‘f57?‘??(5‘ %ﬁﬂ%‘ﬁces used have

parti cul ar [op186]vant aRaLUS a8 Akirebatdie forVIOREYS {0t dBRleh AOwhie Mequdhéed
for use in a GSMinp|] ementation of the present nmethod and apparat'us.

The new seltRIPHES Meld/ 10 BEPHS pse idivegsaly) Whepdwe MYBOSaysersvipeithiogsthast i ng
sequences g 1dbels OHRENE BSrcAl I,51:eqy1 5
and 6 bel ow?%\gr?(ljl d;breeﬁglggjg?i?%ggﬁ%nﬁ%\r%fe det alﬁ%miar%g %%g%tflglqjln:)i\?\n%gl%@t
Whi | e the Prsaseensfistnodicnertls appated rbevewmithdr ofphe ¥MIERGA prisddacterget y

where t he fror .channel ar i are osen fro he
exi sting S1F<]ai}tél[1)(e gﬁgﬁ&ﬁﬁaﬁgﬁgr'ﬁﬁé@%v{/ﬁb&?’t@é}ansﬁ’%géiﬁe lethF{ edcﬁlof‘%]%c{
better perfesouramncee easted el mhkaithredivaytageahthisofoténhial g @élpAil DTNp@fod, and
use of the new .c | enentary sequences ag training sequences in
Conbi nat | oS REUGEY SEPREE 1 AR PGS SERHLHEBED of GOy SF PRRBECT Y ¢,
in one exagpheiheaPphinitdlyt diecRieHat LIRS g AltodPRAIIAEddS1sbi0diferG8M
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Frame No. 0 1 2 3 4 5 6 7 8 g 10 N
1 AT AW ANV AU AT AW ANV AU AT AW AV AU
f2 B/U BT BW BV BMU BT BW BNV B/U BIT B/W BNV
f3 CNV CMJ CT CW CNV C/U CIT CW CN CIU CIT Ciw
[00158] 4 DW DV DU DT DW DN 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 existing voice call users that use four consccutive timeslots with similar
power requirement to the additional new remote station 123 - 127. If there is no such
match, the network can reconfigure the timeslot and ARFCN to make a match. Then
the network assigns the four timeslots to the 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 Remaote 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 B1, 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 Dbe 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 B1 and B2 with TSCO, and B3 and B4 with TSC1. 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

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

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

Changes in network traffic assignment

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

Changes on network traffic channel assignment may increase the capacity.
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sequences. The new conpl enentary traini ng sequences are | abel ed TSCO
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services, such as CS1 to 4 and MCSI 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 onec 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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specification which allocates dual carriers from which MS (or UE or remote station)
can get two ARFCNs simultaneously in order to increase the data rate. Thus, the
remote station uses more RF resources to get extra data throughput, which intensifies

the stated 1ssues above.

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

worst condition for co-channel operation and for DARP opcration), 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 scts 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 base 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 scquence



1101110001011110 11011 56414 DCS5E TSC 5' 01010 1100111111001010 11001
53194 CFCA TSC 6' 01101 1100101000001101 11001 51725 CAOD TSC 7'

11100 1101010011111100 11010
WO 2009/036389 PCT/US2008/076312

45

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 resuit of this low cross-correlation, the
performance of the DARP receiver has been found to be particularly favorable when
the first and second fraining 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.

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

[00177] 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 are repeated versions of five bits
elsewhere in the training sequence. For example, the five most significant bits of the
TSCO training sequence (bits 21 to 25) are 00100, and these bits are repeated at bits 5
to 9. The least significant bits of the TSCO training 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 | D609
TSC6 10100 1111101100010100 11111 | 64276 | FB14
TSC7 11101 1110001001011101 11100 | 57949 | E25D

Table 4

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

those shown in Table 4, for use according to the present method and apparatus. Each
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new 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 TSC0, TSCI1' 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 TSCQ) and a second signal comprising a second training

sequence (e.g. TSCO') which 1s complementary to the first training sequence.

Training
Sequence Training Sequence

Code Bit:26...... ... ... ..., 0| DEC | HEX
TSCO™ | 011111100110101001111 11001 | 52559 | CD4F
TSC1® | 01100 1111110010101100 11111 | 64684 | FCAC
TSC2* | 011101101111010001110 11011 | 56974 | DESE
TSC3" | 011011110100011101101 11101 | 59629 | ESED
TSC 4 11110 1101110001011110 11011 | 56414 | DC5E
TSCS5’ | 010101100111111001010 11001 | 53194 | CFCA
TSC6” | 011011100101000001101 11001 | 51725 | CAOD
TSC 7 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
TSCO’ 01111 1100110101001111 11001 | 52559 | CD4F
TSC I’ 01101 1100010111101101 11000 | 50669 | C5ED
TSC?2’ 00101 1110110111000101 11101 | 60869 | EDCS5
TSC 3 11110 1101110001011110 11011 | 56414 | DCSE




EDC5 TSC 3" 11110 1101110001011110 11011 56414 DCS5E 48 TSC 4
01100111111001010110011111 64684 FCAC TSC 5' 01010 0000110111001010
00001 3530 DCA TSC 6'
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TSC 4’ 01100111111001010110011111 | 64684 | FCAC
TSC 5’ 01010 0000110111001010 00001 | 3530 DCA
TSC &’ 01000 0101110001001000 01011 | 23624 5C48
TSC7 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 Fable 7 can be from either Table 5 or Table 6.

Pairing Existing New
training training
sequence sequence

A TSCO TSC O

B TSC 1 TSC 1

C TSC2 TSC2

D TSC3 TSC3

E TSC 4 TSC 4

F TSC S TSCS

G TSC6 TSC 6’

H TSC 7 TSC7

Table 7

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

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

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

new training sequences.
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Exi sting training sequence New trainif®) sequence A TSC 0

j00186] 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
DARRP 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 fraining
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 NQ, then the method moves back to the start block
1501 and the steps above are repeated. When the answer is YES and a new connection
is set up. Then in block 1503 a decision is made as to whether there is an unused
channel (i.e. an unused time slot for any channel frequency). If there is an unuscd
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

are repeated.
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[00195] 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 1503 is NO, and
the method moves to block 1505. In block 1505 a used time slot is selected for the
new connection to share with an existing connection.
[00196] A used time slot on a channel frequency having been selected for the new
connection to share along with an existing connection, a complimentary training
sequence (complimentary to the training sequence used by the current user of the slot)
for the new connection is then selected in block 1506. The method then moves back
to the start block 1501 and the steps above are repeated.
[00197] The present methods disclosed in this patent application may be stored as
executable instructions in software 961 stored in memory 962 which are executed by
processor 960 in the BTS as shown in FIG. 16. They may also be stored as
executable instructions in software stored in memory which are executed by a
processor in the BSC. The remote station 123 — 127 uses the training sequence it is
instructed to use.

New Proposed Sets of TSCs: QCOM7 + QCOMS
[00198]  As stated above, two new sets of training sequences, QCOM7 + QCOMS,
have been identified which may work with the above existing training sequences
identified in the GSM specification. QCOM corresponds to Table 5 and QCOMS
corresponds to Table 6. The two new sets of sequences are proposed to for future
MUROS operation. The pairings are:
[00199] Training sequences identified in the GSM/EDGE specification with
QCOMY7 training sequences, and training sequences identified in the GSM/EDGE
specification with QCOMS training sequences.
[00200] There are some duplications of training sequence bits in the two groups.
Both groups perform well when paired with training sequences identified in the
GSM/EDGE specification. As discussed above, when MUROS mode is enabled for
the two users, the working pattern may be selected to be: 0-0°,1-1°,..,7-7".
[00201] Table 8 is a Test Configuration Summary of parameters used when
running tests using the new scts of training sequences and the legacy training
sequences . Figures 17 — 18 contain test results, and Figures 19 — 34 are performance

plots.
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NR4S81 threshofld 7', However, ot her

closbBmat i ons beside using a

SEREEBCEoaMg | ts conplinment w

DEoaM@ poi@d! SO. For

exanpl e 1}

Dhdical CQWERNEN . | T may De Dbett

3g}gggyse a tralnlng sequenc

>

qganad T1s conplenent such—a
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L Freg HopBing123 - 127 side unle

]
tional traini ng.seque

on
ce

Reyicnef Irsiredhtodnterierenee(Aqesar] o

8Bt r ai ni ng _sequence “codes

re

inhezferann (X’ seat i on 123 - 127

nﬁhﬁﬁdﬁﬁﬂﬂMngﬁ@@Eﬁﬁuc&>TCH mef®od and appar at us.

[ 00189]
side is: [00190] Defi ne new

The
set

phadiretirnggrni Ng sequence codes.
ed for | egacy renpte stations

Bionsltbangl dor @COMT o:S@QORNE €S
T80I |l e the new set of train

ng

Hﬁyﬁﬁgmggéﬁm&qr new renote s1g@mgnﬁgggﬁlﬁg&%irggpable of

executing TOI'S New Teal UnGpid PUFERICoRRyaratloll Sdfipdiy0N TO DTG DA

capabl e,

sequence codes al so.
1001931 The netmg{hm

the renpte station 123 -

co- TCH users.
assign t heEl@ZtU;] r en‘dfle‘rantla,tacomrﬂm;gZG the ptRY aguhporatd anghtaramwg saqaememg

sequence s

stati ons

R S NS

separation between different users across

1

within the same cell.
[00203]

R

127 supports the’new training
[00192] The inpact on the network side is:

Sfb}.gtﬂg Ats mg Biﬁ g&cﬁﬁ%naﬁﬁ" I1 h 8e2E %%%gss to the

wor k

&

different cells rather then different users

uences to |le aé:){ reno
S¢quences are use 0 provi

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

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

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 bits to tell the remote station which

of the eight training sequences to usc for the communication link, The signaling

messages are enhanced so that the remote
two sets of training sequences to use,

[00204]

defined for signaling the training sequence

station can also be signaled which of the

According to the present method and apparatus, a mechanism is

set information to the remote station with

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

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

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

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

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

may



[00194]FIG 15 is a flowhart illustrating the steps taken with the
present nethod. Following the start of the nethod 1501, a decision is
made in step 1502 as to whether to set up a new connection between
the base IYQA2HHA363F0, 111, 114 and a renpte station 12BCT/USWPS/016812t he
answer is NO then the nethod noves back to the start block 1501 and
the steps above are repeated. \Wen t he? answer is YES and a new
connection is set up. Then in block 1503 a decision is made as to
whet her t hahigh jset efrirairing servenemnikd repiote station shallgwd fer the comotunicatiorany
channel i i I

inused chatalis p¥he cuiblbAEL Aokt MEb el it AL BB LBE e B
1504. The mEdrhmatiort ﬁemenm:aléezi Ohaokelt bemhﬁlmt(deﬁnekilmGK}PPECSM«fa@lIB debiton

onger an D28l 'S PRGN dp S{HBLAOG LI IR ol & P AR BE AP ot

connect i 0nﬁétlontf’ﬁﬁtha@Swuntc@tlélhﬁ]aﬁh@?oéﬁ]@ l&st@lﬁhsﬁb@ﬁ&é@@ﬁl 728 oN@owaingh t he
nmet hod anes to bhlock 1505. In block 1505 a used tine is

sel ected f@rfigHe 3Abwheohimael Bescriplianhases Wi bif figh! %%@egtq}tﬁ@n%d}ﬁ'eé‘tq on.
[00196] A wsgth lik®, eheﬁjréaaﬁacoa "WFeChdnh@ THEACHIMPMMII ofFE8 ke 6t ed

for the new connection to share |l ong with 'an exi sting connection, a
conpl i ment ®H9Wsr ai ni ng sequence (conplimentary to the training
sequence used by the current user of the slot) for the new connection
is then selected in block 1506. The nethod then noves back to the
start bl ock78304 and the steps above are repeated. [00197] The

pr esent dis d i is patent application nay be stored as
execut abl eapﬁg)[]ructi '+n‘£‘§8¥'lgware 961 stored in nenory 962 which
are execut@d obyr pr ocES$er+ 86@Hsn the BTS as shown in FIG 16. They
may al so be stored as_executable instructions in software stored in

menory whi &R lah € exedft @d45ySACEHEALRBCHESPREHEBC. The renote

station 123127 usofﬁc@i% 4“3&@@1{7@&&%@@[‘@}){3&}#@ instructed to use.
New Proposed Sets of TSCs 00198 As stated above,

two new sets of training sequences QCOW + QCOMB, have been
identified which may work with the %exi sting training sequences
identified in the GSM specification. corresponds to Table 5 and
QCOMB corresponds to Table 6. The two new sets of sequences are

proposed t futu era airings are: 19

Tr ai ni ng s@ag@ces |‘({fe?ﬁnNL{Fei %ean%ﬁ)m[ E%(@‘agﬁ%g%ﬂ’?c?& 'TM qfﬁgﬂ

QCOW tr ai ﬁéiﬂ@ia$ﬁﬁﬂ@ﬂ@ﬁ%1t@@i@oﬁB%l%ﬁ%ﬁléﬁ%@@ﬂﬁ@%ﬁ@ identified in the
GSM EDCGE specification with QCOMB training sequences. [002001 There

are sone di¥8tPdati ondredresertanihospndegornet mekessuse Af the &t tginsigeée
Bot h groupghRe rtxfaﬂﬁlggl\l/:ﬁ{éenc NP duRE ditdid {Oadds@ 1£50the %ﬁﬁﬁ:“'%ﬁnel.\,\% e

identified in the / speci fication. I scussed above
MURCS nodeadvantagmiof dlis fraethedhand wpparates ds tltaheelwcbﬂkyrtg‘ tpat inérmanay ibe

sel ect ed tgong?:‘ggnpwgh e%lst%n c:ontrﬁi{a g%sgéeggzg He c-ﬂ eSis %mdg iy et%slacle in the

Confi guration tised when uhni ng sing the
new sets ofpetifiativnrg cﬁaq‘ueﬂtt-‘hs candt stxheshbda@saxgym’emtanem&ggs.sequences )

R e i A 555 P i

as shown in Table 10 below.

87654

S0001 TCH/F + ACCHs

S001T TCH/H + ACCHs

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



-103dBm Fi xed or Floating Floating point Logical Channel AHS5.9 Mde
Traffic Path Terristial Urban Speed 3 kmih Carrier Freq 900MHz Freq
Hoppi ng Enabl ed Ratio of Desired to Interference(2" user) OdB Phase
di fferencéVPepeEidtesire & interference (2nd user) 90BCHASPHHoESer
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Table 10
[00208] The S bit indicates the training sequence set to use as follows:
S
0 The legacy training sequence set to be used
1 The alternative/new training sequence set to be used.

[00209] If a remote station does not support the alternativemew training
sequence set and bit S is set to 1 then the remote station shall return an
ASSIGNMENT FAILURE with cause “channel mode unacceptable™.

[00210] In one or more exemplary embodiments, the functions described may
be implemented in hardware, software, firmware, or any combination thercof. If
implemented in software, the functions may be stored on or transmitted as one or
more instructions or code on a computer-readable medium. Computer-readable media
includes both computer storage media and communication media including any
medium that facilitates transfer of a computer program from one place to another, A
storage media may be any available media that can be accessed by a general purpose
or special purpose computer. By way of example, and not limitation, such computer-
readable media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic storage devices, or any other
medium that can be used to carry or store desired program code means in the form of
instructions or data structures and that can be accessed by a general-purpose or
special-purpose computer, or a general-purpose or special-purpose processor. Also,
any connection is properly termed a computer-readable medium. For example, if the
software is transmitted from a website, server, or other remote source using a coaxial
cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or wircless
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), lascr disc, optical disc, digital versatile dise (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.



Signal based on QCOM 7 or QCOM 8 TSC Interference(2" user) Signal
based on Legacy TSC Table 8 - Test Configuration Sunmmary Signaling
for the Assigning of Additional Training Sequence Codes

[ 00202] CurtY@#tPAS63¥ccording to the prior art, there ar BCBU§HP8/076312
trai ni ng sequences defined and, as descri bed above, these training
sequences are used to provide separ at3%n between different users
across different cells rather then different users within the sanme

cel |. [002093Hy contlhasgtethoss deseriberyherein muamdes ispéamenicdrby \Beiews wedns. has
the abili tyorfegﬁmfﬁ\é‘)ch&sre%c%?hcﬂﬂ n%@%gog%ehgd% OuhdGreSERALAL 'SQFrwg{eg{;]Ptm

users within the sane ce east one hew sef’ 0
trai ni ng secerbisg®n;therdef |Fme@t haTdvere enpeeesitan te promtbweg mstbtused: h)e

netvvork(v 'f_'t rtsthe t ni ng_se uenc

The exi st.énege"t%?‘ﬁﬁ’ﬁ@r ﬁgelnt%‘ ‘g BRI frope {3@} LT B s eedrmte
station V\:hwmhmQ:fnetd‘rEmeﬂeg:kl:tpthIt?)hmpBgﬁSGﬁtﬁgﬁ&&SmﬁcﬁltSJ%SKIg)’, difieal s;gnalh
communi cation lin nal i messages. ar nced so t he
renote st al?rP‘bfisfSCl{%:éDﬁg dlsggsﬁlgj}%g%&&ewc%vws (Zlﬂgﬁg Progragurpbl E’cic“gicm ng
sequences §&QidisepLBOOZRM ACERAMMAE: bae ta*ﬁ%yd)(ﬂf@ﬂ§ Bﬁ)ﬁ:&@&sa Bhtrollers,

apparatus, a nmechanismis defined for sighaling thé training sequence
set i nf or MRGGOBlIERamicEmBRGEsStaEicgron diyios qthﬂifle@afg@m@ ANIg @@grﬁd t he

si gnal i ng ﬂgfp%ﬁ&gr‘?thetﬁ?[?c hibns &Q&Weg'h@gé QCSIQ?I.F'[QJ Stsz?ggmlﬁfﬁ{ti&ﬁqq Slpports a

apparatus, the renote station si gna et wor

new set of [002Ed]ni ng Eleqmenmssdewraatran@dh@dlsslmlsmmwpramd@ﬂ &s smadbkek argy
signaling See 0, of flowchart i.n f| 36) . e.the

net wor k kn%(r %(51{68 %hseu Shigrake g e fl}‘?achs%?*?& ar gm‘}?ﬁfﬁawﬂ]s to the
sequences digdlosarc Gl fhat’lﬂijp nppdranngl thokéﬂ@lillléch&n neé Wy, king afic dRAéte

52 which set of in seque ces the renote _station shall use for
the conmmunPih! ﬁnécgiﬁs%ﬁgr@ﬂbfg © arlich|tp ofeH vartiony withertidsPiTHRE JrBsent

met hod andiaRpiat 8t é8pd Srahe AisSibdund Tmsofihamsb@m@hseﬁmmterﬁi@é kgt fhaanel
Descri ption deflned in 3GPP TS 44.018 section 10.5.2.5) is nodified

to signal tHEe EramMMphdessaepdelredn dut ist'e tseacqedad By Wldéstrséﬁltﬁt eongistgn§ on
for the comﬁlj 3,@1%8%%%};@%@“ [Malo¥ S%%esc aPldshed. (See step 1720 of

flowchart In ure annel ription has a 5 bit field
call ed Chaiﬂﬂél3]t y phosarnd ofiMay ckilkat the BHevql ¢ sedurstaidihaginéfrm@han ael
Type and TDIVA offs 0, 0.0.1T F +

A 00 BRI e e ‘tép%lc%(%j}!& g‘fsﬁf"’%lyf%[i:(‘fﬁ}?‘%y Ry ool o

( SDCCH 4) @ciihu@heﬂf TOPGCdhS e+ dAGab (cBoty, coiBndsSXFeH A bn, signals, bits,
symbols, and chips that may be referenced throughout the above description may be
represented by voltages, currents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof.
[00214] Those of ordinary skill would further appreciate that the various
illustrative logical blocks, modules, circuits, and algorithm steps described in
connection with the embodiments disclosed herein may be implemented as electronic
hardware, computer software, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustrative components, blocks,
modules, circuits, and steps have been described above generally in terms of their
functionality. Whether such functionality is implemented as hardware or software
depends upon the particular application and design constraints imposed 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.



Tabl e 9 [00205] As can be seen fromthe coding of Channel Type and
TDVA offset field that fifth bit (in bit position 8) always has a
val ue of 0. [200206 The present nethod and apparatus makes use of the
fifth bit W82PH&PBE e which training sequence set the MPEBIUSR0ZEIBEe
is to use for the traffic channel. The_ advantage of this nethod and
apparatus is that reliability of thi s>Information is consistent with

exi sting control nessages and the c_han]gle is made in one place in the
speci fi cat [WA13lo dag srriqusrillagtiatiylogicrk blagls, mpivleh and aieuiyvissmibed in

messages. [AHeRith e RE CRBSAMCAEMERMAN-ah nED BRRALIURE BN

offset field is as shown in Table 10 OW. !
+ ACCHs S0@tth ETgHeIHl purpGEHo@seorla DigisDS{gHalProc SAGTEISES, or AGB(Eation

2005/ 03636 0PCTRULDINF DT 4515 B3 Fag Blfo BOBORPnE e Brey (FRfAkPhs
t he trai ni ojespogentebiebgicalevise, dsrétolghtows trafsTher logig@adivcrbie diafiwige
sequence set to be used 1The alternalive/ new training. sequence set to
Do used. | BUHSSPRE: & SPLAUPETSeR THROLUSEOR RUBEBES BRgIon described
al ternati VRABRW A péefil BOrpose processor may be a microprocessor, but in the alternative,
the processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
MICrOprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration.
[00216] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in Random Access Memory (RAM), flash memory, Read Only Memory
(ROM), Electrically Programmable ROM (EPROM), Electrically Erasable
Programmable ROM (EEPROM), registers, hard disk, a removable disk, a CD-ROM,
or any other form of storage medium known in the art. An exemplary storage
medium is coupled to the processor such that the processor can read information from,
and write information to, the storage medium. In the alternative, the storage medium
may be integral to the processor. The processor and the storage medium may reside
in an ASIC. The ASIC may reside in a user terminal. In the alternative, the processor
and the storage medium may reside as discrete components in a user terminal.
[00217]  Therefore, the present invention is not to be limited except in accordance

with the following claims.



sequence set and bit Sis set to |l then the renote station shall
return an ASSI GNMENT FAI LURE with cause "channel nobde unacceptable”.
[ 00210] I n one or nore exenplary embodP®rents, the functions descri bed
may be inplenented in hardware, software, firmware, or any
conbination thereof. If inplemented in software, the functions may be
stored on or transmtted as one or LPvisnstructions or code on a
conput er -readabl e nmedi um Conput er-readabl e nedi a i ncl udes both
conput er storage nmedia and comuni cation nedia including any medi um
that facilitates A'i@éﬂlﬁi‘d% sﬁéreélg@lgﬁ%ﬂtaeéin%?é SlHnART: fzélﬁfﬁhﬁﬂ place to
another. A stora medi a ma any available média that can be
accessed by a Y %a’b‘?}ﬂﬁ‘b%@c%‘i’“’spem al purpose conputer. By way of
exanpl e, and nadeckingiat @k aime §lg&?ﬂn@%ﬁ3ﬁ%@rﬁd@aﬂ@b{@ gﬁiﬂgﬁeﬁv @@hection to
conpri se or other optical disk storage,
magneti c %ﬁﬁ wegbsgng%ﬁ%g‘? ’magneti ¢ storage devices, or any other
medi um t hat cawfd@englgedlﬁf@aaatramingr seone fessaidchepr ogmantico deomesaids
in the fQrmg, céﬂh%&'ic?{ﬁstﬂrﬁﬂﬁl QL E@ aSfructures and that can be
accessed by a general - pur 05&" o speci al - pur pose conputer, or a
gener al - pur pos‘égﬂé% b%tbééldamaiwgpﬁ@g‘@ﬂﬁ?%é@§1"sﬁ‘o?ameAIIH§© slogep thesarae chamel s
proper |y fleghidiRd b3 che MR Rdtioneadabl e medi um For exanple, if the
software is transmitted froma website, server, or other renote
source using a coaxial cable, fiber optic cable, tw sted pair,
digital subscr2.beThd mothod BSlordingko kinell efasthtre@iipeishgt es such as

i nfrared, radi cr ve t he coaxi aI abl fiber.o t| ¢
cabl e, twi st edﬁlﬁ)gl ﬁjg g' evp\%%lewSerEelllgs%s % éscﬁrﬁolfn(')’la? glmseuglﬂt |8 52 hq‘ FarEg

radi o, aiﬁl@quwwoambwham sarid luget tinenslothfor dreitli mevt cameofiomedshar whiksn

and di ScexR§ %Gﬁiné&ﬁfn?'ﬁ leBEd YE §EerE QRS

opti cal gi{scnéjdl gl tal \}ersgatl{1 gﬁr mD;and*Iﬁlg%% Slbg%ﬁdsa %ﬁamel
di sc whel@I&"sKs usual | y reproduce data magnetically, while di scs
reproduce data optically with |asers. Conbinations of the above

shoul d al so be, i ng¢| uded thin the sc f co ut er - readabl e nedi a.
54 [00211] The Tret ﬁh 8‘8& e b G %3 PRI 986‘\/%@%
means. Feymbolawpbad nthesanavdo odis rampctte s&ﬁ@xﬁﬁﬁ@t@ﬁebm‘bmar dwar e,
firmvare, software, or a conbination thereof For a hardware

i npl enentation, the processing units used to detect for ACT, filter
the | and Q sa‘i‘rpl ¢Be methedlacedidingClo, chir. |, ﬁaﬂleb@cﬂmpllsmgeg@r@mtwgt fmch
one or Wérﬁln?@@l:hﬁﬁtah@fb §9::%€'Sfa't16n 't(f‘&s%%l%taﬁi%h%hﬁ& i §eé‘&: i egllggsx§@|

si gnal progessors Ps), digital signal processin |ces
pr ogr amma#f &g Eeqélé‘i‘ﬁec?@ge( SSPMOtS EtPIpr ogr ammabl e gate arrays
(FPGAs), processors, cont roI lers, mcro-controllers, mcroprocessors,

el ectronic devic ectron unit deS| ed to rformit.he
functi ons desc$| E@F &‘81"1 0K 16‘5?% @BPQ gfiergiy tP‘B‘gglPﬁ&réB‘Fﬂ new
[ 00212] Thempcben guscldesd acqirding tof crithida dbsiplisiapr eaui ginpe Gt deaiséd by a

enable a dy; r IS sure,
Vari ous ?é{%&g |S§dgltg Ff)hir%ks’ %ea hﬁn{:fpsg OJSB%S% S {BF‘ Sgll;nlretg’dq’t‘1 {he;/dlgtamgeren Stald
t hose skibpscagation te gacyrspid ramtqm@n@eh@smgcsapﬁmes}@t es defined herein
may be applied to other variations wthout depart| ng fromthe spirit
or scope of th sclo ure. Thus, the disclosure is not intended to
be limted to ﬁ%P@éC%@é‘glt%éﬁuﬂér Bihgreyygaid ysqddimpe slgt kg saiddemhe

\é\n delst S @ﬁme:cﬁ@m m s&%)egig:? gvderEmg he cﬁfeha Qbmbﬁslngnﬁimme |s10‘£t] ﬂaﬁytﬂe@eleaed if
I SCI 0Se 0 e ar
under st aﬁtc}laf ;1 At ?raﬁ#co?lf%?t"% %}ﬁleg i3 Efifgeﬁg¥ ES% n(?em?rgﬁtl@s%qﬁrgﬁm&sﬁtﬁﬁmany

of a variety of different technol ogi es and technl gues. For exanpl e,

data, instructyo nfheblﬁgm @g&yrdiing k@ Eﬁﬁ'ﬁ 'loﬂﬂhet% sedb[ rﬁé slob Yom%%dsnew

and chi ps that may erence roughout ove escriptron
be repr e SBHICEHODIP splsrted gecordipg e @ﬁfﬁgac@némiﬁﬁnagnetl c waves, rragnetl c

a power level received at a remote station already using said time slot may be

within 10dB of said new remote station using said time slot if both of said remote



1. Anethod to share signals on a single channel; conprising: setting
up a new connecti on; selecting_a used tinme slot on a channel
frequency for said new connection to dhare with an exi sting

connecti on; selecting a different training sequence for said
new connection from said existing connection's training sequence; and
usi ng bogﬁh&%QQEHEQRpI %gquences in the sane tinme slot on the sane
channel frequéncy by o ase station. 2. The nethod according to
claim1, further conpr|3|ng allocating a newtine slot if

there is an Uwseﬂletﬂn@ﬁ0§|a@50ﬁﬂ1g5@' &laigh 3N R@lordif FHAOXRPA 20 MRGERLI
sai d used t| id newaglggg%eé:iﬁ]on to share _ wth an_existing

connect i SAUPY %Seq ‘?:C‘Erég signa W@?té"tf highetstban saidPAdtlpeanghlegamate
channel fmeopiedeyred signal. 3. The nethod according to claim1, further
conpri sing phase shifting synbols of said new connection with respect
to said existing connection. 4. The nmethod according to claim
1, thrther condriBiengethehearcatdimgtoasiamsbridithe campoisimgnd t o a base
station to as%&&aﬁﬂ%@f?&%ﬁ{&%d S ESHIENGEY, - Said tine slot and said
trai ni ng sequence co one renote station. 5. The met hod
accordi ng to cICAFRING Skl cBisHNS sfogneion st rawming sequenee snil dsaitewlifferent
connect i gRini @ gharbed according to criteria conprising: said tine
slot is used rem)estatlon hay.i a.di stance fraom a base
Station oim | APTREHERHE GRER COM U S Ba et PO B BrsheRask d
renot e tprodiioah firsi cmgﬂ:smd:idfitﬁ Rd gb@bining the differentl i@initiRt $qQerfte Goitid tHg

to clai %&bn&‘@%ﬁ% B}ioﬁﬁ&ea c&% Eonqﬁn(sié 8§taf or,said new connection is

sel ect ed accor O Criteria conpri si ng %ald time slot nmay be
sel ected if itmpdsatingrend athgritting bsfal shid ifiret sinohineds datlar @eldyaid secbrdy
no nore thagined Qlafaeﬁ@ﬁ% s&iadahfNeh el 1f:re sa)lT gﬁd el 00, A6 gl"rl@gsl(gt to

claim 1, l}’/ggerel n sajd tine s new connecti1 on
sel ect edP E%er@ish@dt%ﬁ’c%l?‘q ﬁf@}sﬁ&ttmﬂﬁl%l ng: a power | eveI
received at a renote station already using said tinme slot may be

within 10dB of sal not e statlo said ti slaot .if both
of said remote’ 71%5 V\ﬁhBESaCC%ffi@ ﬁ%b‘g]éerem said nﬁﬁ‘ge ¥HE isetviBly

accor di ndistrdbutddai m 1, wherein a non- DARP capabl e renpte station has a
desired signal substantially _10dB hi gher than said DARP capabl e

renote station's desired signal. 9. The nethod according to
claim1, furthlér é‘omﬁﬁlodltng)ro@@nélrﬁtand@e@lﬁl aigtalamhmhamdreaa slenoei¢d the
data ;  method cBRRpEERAL! NY said existing connection's training sequence

and said different trai_ning sequence ;
generating a first data and a second data |

generating a first training sequence and a second training sequence ;

combining the first training sequence with the first data to produce a first
combined data and combining the second training sequence with the second data to
produce a second combined data ;

modulating and transmitting both said first combined data and said second data
combined data using a same carrier frequency and a same time slot to produce first and
second transmitted signals, and

using both said training sequences, in the same time slot on the same carrier
frequency by one base station.

12. The method according to claim 11, wherein said same time slot is selected
according to criteria comprising: said same time slot may be selected if it has low traffic,
said same time slot is already used by no more than one remote station, said training

sequence is not used by a cell or a sector for said channel frequency comprising said



conbi ning the existing connection's training sequence with the first
data to produce a first conbi ned data 8and conbi ning the different
traini ng sequence with the second dat®to produce a second conbi ned
data ; and nodul ating and transmtting both said first

conbi ned data and said second conbi ned data using said sanme channel

frequencysangns @10@' &asgﬁ ﬂ’lﬁl’ﬁqﬁéédﬁﬁéé Rlnot Qs QOBE ald' Jh?ﬁne?%qﬁ&%?%?f a

transmtted signa nmet hod accor 0 cla

wher ei n §84TEY5‘H§§§“ ghiad sqcioreyen y distributed. 11. A nethod
to produce first and second Si gnal S vvhi ch share a channel, the nethod
conprising: geperagin f,irst ta a ond data ., generating a
first training g{h? Hdac&o ﬁ‘d E}”&l HS é’@é‘hﬁ@ﬁé@smg phase shifting

conbi ni ngymbes bi s8d fitst aombingd gequaticespict to datteseboniddonsiah@l d«a.pr oduce
a first conbi ned data and conbi ning the second training sequence wth
the second data to produce a second conbi ned data ; nodul ati ng
and transmttilly bdrehmstiod &m@@!ng:mmlanadildiuah@mdmsimsm§gmmmhrxgamm
combi ned sga &'%bﬁ&&l ﬁd%@fﬁeo 5&51alif 10 h&HHE

séifdiny a ASE5H}EE fs?%l'l &?&' sahd Cciﬁrzéfaﬁ%qﬁéngf sa aﬁéa{rﬁ]

produce first” and second transmtted
sai d t r atHeiPtSBE SHA dBINgG spqupRees daene FW"@F‘@tlmbn t he same carrl er
frequency by one base stati on. 12. The met hod accordi ng to

claim11, vvher ai d ti ected accordin

criteria corrpr ﬁ@‘ gﬁ@%Mg ?‘Pe‘g@%fl ﬁﬁﬁvr%s@@ﬁw ggeei Otllf’t Sqli%?ée‘i
| ow traf fatcmrdzsgtcdcmamommpmmg ot is already used by no nore than one
renote statio i edqlwn sed cel |

sector for sa%&léﬁdgﬂe efn%fsguetqgélg% co%%‘%lf’fzﬁ Srtlﬁloélala(ym%%dﬁgaé’ae fcrloﬁjea 3?‘%3[
or said §ﬁﬁ§0mﬁlﬁglﬂ§éqﬁ?éd1§@*an§e fmtn S;%SCéUﬂSQﬁtattlhe t& aindwahranteattationagingrsaid

by a neagfye galdigel | or said sector. 13. The met hod accordi ng
to claim 11, further conprising phase shifting synbols of said first
conbi ned data with respect to said second conbi ned dat a. 14.

The met hod accyy. dlm théth6d adctrdidg tof it e, uﬁﬁi’@ﬁ k&l B&n @ AAR Bt i k1 RAcH
a base.station to as sane carr.ier

sending a
rr equency oG @ 4HEerth RTINS oh BOWE Ve HERI R L dciais St Bty
renot e susingeaid.time slot mayl be within hetfhaftsaat nor dérngle tstatioh abing 3did tidesied n

said Sa”?fﬁo‘tﬁrgféﬁ@lterﬂo?e Qg&(ﬁ&t %peaﬁgf@rtjg%q to criteria conprising:

said same tine 'S use rerpt e station havi ng a di stance
froma base station simlar to said distance from said base station

to a new remotﬁ? Stﬁie'rﬁélhb‘@h%rcﬁﬁg@o SRR 14 &Eeﬁ%inoat non-DARP cébgble-gjéﬁote
nmet hod accor rein said same tine slot I's sel ected

accor di nbe”E“B’ai ?‘gi %I(‘)iPSéregéh%‘railélHSg hghss iean %%QIARPe%@é’?@l@dma?teéelﬂ@ﬁﬁtse

station désieddipndli ng said tine slot may be within 10dB of said new
renote station using said tinme slot if both of said renpte stations ,
are DARP capabl e. 17. The method according to claim 11,

wher ei n a non- BARThecapthbll exceaxdigetot daim na) whassim s&iés;jhaexd slsifigisadvenly
. 10dB hi gg Lu"téhan sai d DARP capable rempte termnal's desired signal.
18. The od according to claim 13, wherein said phase shift is
evenly dlstrlbuted

19. A base station controller, comprising:

a controller processor;

a memory subsystem,;

a data bus operably connected between said controller processor and said
memory, wherein said controller processor communicates via said data bus with said
memory subsystem to send and receive values for parameters to and from said memory
subsystem; and

software stored in said memory subsystem, wherein said memory subsystem
comprises at least one table of data, wherein said data comprises values of a parameter



19. A base station controller, conprising: a controller processor; a
menory subsystem a data bus oy rably connected between said
controll er processor and said nenory, Rherein said control |l er
processor comruni cates via said data bus with said nenory subsystem
to send and receive values for paraneters to and from said nenory

subsyst efg; a@néjast one set oF Qéﬁlﬁ\@rs@atﬁjﬁg’r%és%ﬁﬁ# g@@%ﬁ){cé %F%?gf'ﬁh‘le slot

wherein said nmenpry su sgstem conprises at e tab at a,
wher ei n BERBergaidy s i © @@el/ﬁPfU’@?’Bbf a paraneter 59 for at |east

one set of rermme@elﬁt adid %&wavalcu rifds {dsBhedie ®CPHRNGES firVahMeSe@ind
time sl ot n ?1 %nd V&ﬁ of channel frequency wherein said
sof t war % Eﬂﬁ?’v LhShpted IBRT CHIRENE oduce first and second signal s
whi ch share a@hanataeziﬁrsc@arppmfsalg@ongdmrate a first data and a second
data ; gener atg%n@rael%%,tst &51?11%' Pgue%ggkﬁ?cp g gec%n(ﬁj trgm%necs%nge fLaining

sequence ralning WTh the first
data to produce®mbiig the fig¥ntsdingg skauence thh thecﬁrﬁmda@ theredrona first
trai ni ng.sARLIWENERM th the second data to produce a second combined
dat a ; nmodyl ate and transnit both said first conbined data and
sai d second cdiHiRaAPRNddTaYnG S RReeCHl hesesaddlabniepraghse & ssend
time slotorhbinpd agluce first and second transm tted signals, and

use both said tr ot on the

eguence ge tinme
carrier frequéht 1%? g‘f@r g %gﬁlaﬁa?d;ﬁrsp e@)g%t@ a§§§"t‘1fj(§ﬁ°c8’8ri:t°f
conpri si dga wmingonsanod bariepfrogessprand a smmmme slob sy pteiuce first and sacahdt a

bus operg S&ﬁg&]g&ﬁ%ggnget ween said controller processor and said
nmenory, erelin s ‘control l er processor conmuni cates via said data

bus with sai d yerhstly ssidbsyisingraeteensenadndhe spme dine sighlonethefsame carrier

par amet efrgqﬁegcﬁgg ohé BiBeSaidymenory subsystenm and sof t war e
stored in said menory subsystem wherein said nmenory subsystem

conprises at |east one table of data, wherein said data conprises

val ues of a pazmma%stﬁtﬁkﬁn@iltﬂoli%bomﬁeslﬁgt of renpte stations, values
of training seguence. val ues of tinme slot nunber, and val ues of
channel frequeah TOLICT processof,

a memory subsystem;

a data bus operably connected between said controller processor and said
memory, wherein said controller processor communicates via said data bus with said
memory subsystem to send and receive values for parameters to and from said memory
subsystem; and

software stored in said memory subsystem, wherein said memory subsystem
comprises at least one table of data, wherein said data comprises values of a parameter
for at least one set of remote stations, values of training sequence, values of time slot
number, and values of channel frequency

wherein said software comprises instructions to share signals on a single
channel; comprising:

set up a new connection;

select an used time slot for said new connection to share with an existing
connection;

select a different training sequence for said new connection from said existing
connection’s training sequence; and

use both said training sequences, in the same time slot on the same channel
frequency by one base station.



wherein said software conprises instructions to share signals on a

singl e channel ; conprising: set up a pew connecti on; sel ect an
used tine slot for said new connectiol“to share with an existing
connecti on; select a different training sequence for said new

connection from said existing connection's training sequence; and

use both said $7ai THeQQis@ %H&p&%rollbpaécgﬁé%?ﬁ%ﬁlh%z T.l(rﬁ{taﬁ Q&Bgthsqng ane

channel frequency by one base station
station cont r ot EAIRE AoRGY Aigng slobIiBithareds apuyuned tiswsplet onnggid channel

al | ocat i figqaem§Waid meﬁilro'%mtifuséebﬁﬁ% 416t AR stHAUSKRH chihd®Risd & sl?éi‘e $Aidan

channel fre uenc wher ei n used tine slot, for, said new
connect i 6" é‘?ee??%l df Sgigciedii gﬂ“ﬁﬁ lﬁdﬁné‘Et‘PBﬁe‘féméeeFIQEtoéosaﬂc* chwek
i's not arﬁreqws:gd time slot on said channel frequency. 22. The

base station controller according to claim 20, further conprising at
| east one instruction to phase shift synbols of said new connection
with respect t¥.safhe lase stating coonpldertdcoerding to Cla1n230 fiintheb asepistiag hon

cont r ol | @f,s@&E0ihstgioh o f)h@de@hﬁ@syﬁwﬁ 9?§aé@ﬁ ﬁx’x&goﬁlkvﬂher% ecf)ﬁ') said

instructi on to generate and send "a conmman ase stati
assi gn s&FEIRBHSHMERIAY equency, said time sl ot and sai d traini ng
sequence to a renote station. 24. The base station controller

according to cla rein s used tinme slot aid new,
connection is % Ier%}e%sgéga&oﬂ|°H59?1$ercarcF?rgmgat°cé é ﬁ’é‘f‘e%%‘?lﬁp?ﬁl% at
slot is Usedolyyinatru@ivntte gheattcomdsoni ngcandasd ane dafe amién asRien said
station i ce if i e station to a new said
et o seatnolindf sla i 80560 AR RNk e e on
controller accordl ng to claim 20, wherein said used tine slot for

sai d new connegt.i %e‘b%s@@tlaﬁ‘@ﬁ @&tﬁ%@ﬁwoﬁﬂng% 815!n§ ?b'@h&@i’fﬁ%&éﬁs’é& ‘time
said tine slot r@\g/be sel ected as

slot is & &¥d %CwleﬁBOWrsé’ichQr?CWélf\géﬁﬂ’éﬁr@t GRsFing: said time slgt
The baseistsatlibgn remote vdtlodrhadigar ditagcd i@mﬁ'aadaﬁé giionignRl t S distped

time slot for onnecti.gn is selected accordi to criteria
conpri si ?iré)m Saalép%\llxslgrspafg{}g? P%%é?@eﬁng? E?UPEIIFBIPS S@‘ﬁé’t"i‘%ﬂgtal ready using
said tinme slot may be within 10dB of said new renpte station using

said time slotyqf mt%sggtaﬁﬂ o fRIRE & d;%}cﬁltlé Pdﬂ'cll’aun?ﬁ %{%@5 CaHia use§ time

27. The base station controll er accor
non- DARPSIOA R pevyrsecstion iscwleated a&c@émgrted:nﬁargmm@umgh sagﬂelmet $lan

sai d DARRagaafRlRiciaiit s Ibattanc Hrdarl fad sﬁ;‘t W @keady used by 28:mdi3%han
base station c(gnt roller according to claim 20 urtner corrprl si ng

i nstruct PBREMYESgeMerate a first data and a second data ; 61

26. The base station controller according to claim 20, wherein said used time
slot for said new connection is selected according to criteria comprising: a power level
received at a remote station already using said time slot may be within 10dB of said
new remote station using said time slot if both of said remote station , are DARP
capable.

27. The base station controller according to claim 20, wherein a non-DARP
capable remote station has a desired signal <10dB higher than said DARP capable
remote station’s desired signal,

28. The base station controller according to claim 20, further comprising
instructions to:

generate a first data and a second data ;



generate said existing connection's training sequence and said

different training sequence ; conbi ne the existing
connection's training sequence with thk first data to produce a first
conbi ned dat a; conbine the different training sequence with

the second data to produce a second conbi ned data ; and

nodul ate and t 1 £, . sal LISt D ' ond
data conbi ned atIé ga%uéﬁlé])gilgt é?%éoglg%e&[ozlhszf%ﬁgﬁhg g@&%@%@@é%g%égfg?%ﬁ grglrrr%ng
used tinmBedEnECt 0 produce first and second transmtted signals.

29. The base s{aidigh tﬁ@rekrsah%%nﬁ&@i%q' ﬂani:ng SgRbiBe2%ith RE fish o881 &
phase shift _is evenly distributed. 30. ﬂ base station
conprisiﬁ&*mﬁe%gﬁﬁF@mP€$d6P@éessor; an antenna; a dupl exer swtch
oper abl y connegingifiné ehe aiftbraseaisinat degilerddt Wil dhe dedoBEedatLro fprhiceand
oper abl y conﬁectgd ?g saiddduplexer switch; a receiver denodul ator
oper abl y *ESRASETRE Y 6%€ai®8  r ecei ver front end; a channe
decoder and dembditletel aalv eanmpehalil yaid ofinse combined datd dnd earl v&ond data
demodul atc%bfi%ﬁl E?i?al QSlﬁ%@Efdg%Jn% cfPa(n?ngﬁ’g&Eenc ang said® Q’ﬁ‘% %sé& ?iHeoﬁot o .
control ler Interface operably connected'to L3 EontTor &Y processor;
a coder ardlucefiest pechsaspnd parsabityd sisrglect ed to said control | er
processor; a transmtter nodul ator operably connected to said coder
and interleavgg%1ﬁﬁtransnitter front end nodul e oBerany connected to
sai d transnittet THERFFasaionrntebier agnoyding fheldted2t whegingsaid phasg shitt
sw tch; isevenly distelBitadbus operably connected between said controller
processor and said channel decoder and de-interleaver, said receiver
denodul ator, said receiver front end, said transm tter nodul ator and
sai d transnitt# Afrasestabog ;compdsing: software stored in said
menory, wherei n.Salfe Lo conprises at |east one table of data,
wherein said data conprises values of a paraneter for at |east one
set of renote HHXFWAS, val ues of training sequence, values of tine

sl ot nunber, anguplaled8witeHl opdiaiPebniccRAYESHEY base station¥ARhgh,N sai d
sof tware conprises, instructions to gﬂoduce first and second signals

whi ch share a &IFSpyes rond ppgiah]g:co ected to said duplexer switch;
a receiver demodulator operably connected to said receiver front end;

a channel decoder and de-interleaver operably connected to said receiver
demodulator and said controller processor;

a base station controller interface operably connected to said controller
processor;

a coder and interleaver operably connected to said controller processor;

a transmitter modulator operably connected to said coder and interleaver;

a transmitter front end module operably connected to said transmitter modulator
and operably connected to said duplexer switch;

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

software stored in said memory, wherein said memory comprises at least one
table of data, wherein said data comprises values of a parameter for at least one set of
remote stations, values of training sequence, values of time slot number, and values of
channel frequency

wherein said software comprises instructions to produce first and second
signals which share a channel, comprising:

generate a first data and a second data ;



generate a first data and a second data ; 62 generate a first

trai ni ng sequence and a second trai ni ?g sequence ; conbi ne the
first training sequence with the first“data to produce a first

conbi ned dat a; conbi ne the second training sequence with the
second data to produce a second conbi ned data ; nodul at e and

" it both . : i id: nbi ned data
ransmt bo @%ﬁtéé?ﬁ AR g&gﬁ%&@faﬁd aeg%oﬁggﬂlrﬁxgg%age&%

using a sane carrier freguency. a sane . ) produce first
and second t r a3P¥RRINE dbe ditgfnHpRings seuence with,the st rdainite Rrpdwasi Agiirst
sequencesembihell Agtasame tinme slot on the sane carrier frequency by one

base station. 31...A base stati.aon, conprising: a controller processor;
an antenna; a GONBX SSW“F?:‘FP“BB%FW c%\gﬁﬁg&sgaoqc{;&ag%godargg@@ S5 n
ant enna; cembmeéiduar, front end operably connected to said dupl exer
switch; a recej ¢ - t t id receiwver
front end; thg&igggﬁgg%é%ggggg%ﬁ&gk% C%%B{hﬁﬁgrggeag\aesgﬁosﬁg?na (fofl bined
connect edategisyy & saae envier figawmel|aat or samrdtimgi stbtdo mpredice dirstpandcessmt ;
a base stahdRMedSiphiI9ldn@r interface operably connected to said
control l er processor; a coder and interleaver operably connected to
said control | e‘?sepl?cﬁééé’go‘i’?mélgt yeaHEfeEt Br thRpglicaiBe setnbieysasun pstield
to sai d Geqemcabg onabeddsgaioar; a transmtter front end nodul e
operably connected to said transmtter nodul ator and operably
connected to said dupl exer swtch;

31. A base station, comprising:

a controller processor;

an antenna,

a duplexer switch operably connected to said base station antenna;

a receiver front end operably connected to said duplexer switch;

a receiver demodulator operably connected to said receiver front end;

a channel decoder and de-interleaver operably connected to said receiver
demodulator and said controller processor;

a base station controller interface operably connected to said controller
processor;

a coder and interleaver operably connected to said controller processor;

a transmitter modulator operably connected to said coder and interleaver;

a transmitter front end module operably connected to said transmitter modulator
and operably connected to said duplexer switch;

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

software stored in said memory, wherein said memory comprises at least one
table of data, wherein said data comprises values of a parameter for at least one set of
remote stations, values of training sequence, values of time slot number, and values of
channel frequency

wherein said software comprises instructions to share signals on a single
channel; comprising:

set up a new connection;

select an used time slot for said new connection to share with an existing

connection;



a data bus operably connected between said controller processor and
sai d channel decoder and de-interl eavg, sai d receiver denodul ator,
said receiver front end, said transmtter nodul ator and said
transmtter front end; and software stored in said nenory,
wherein said nenory conprises at |east one table of data, wherein
said data Corrpsrele%?§ c'ﬁﬁiaxléﬁ§ tnifk PRRRAR! &5del R i h@x@%?ﬂ&ﬁoﬁ%qrﬂfsaid
renote stations, values of training sequence, values of tine

nunber, SHAURGIIEECIIN SAFARAE SequcBefi @R y wherein said software
conprises | nStﬁS@Qidtl@@ﬁldt Raifihal Rqbé2eal s 180 sBmSi ¢ 81t aniel same carrier
conpri si ﬁ% set a, new connecti on; sel ect an used tine slot
for sai dH&W H%HHQB?P?)%‘?SF OBhare with an existi ng connection; 63
select a different training sequence code for said new connection
fromsaid exi n i q use
both said tralsénZl ngrh%gjgpe%%@ %%O}dfr%etg Cﬂgmsﬁf ﬁje%%fc?lg%gm?%e same
carrier frequedoyating aneevbdisee stoatif dhere is an unged tithe shdsen stidt ¢aprier
accor di Ngef@erel akin %’ilwrefryﬁl@%geé:ﬁﬁ@rél&t' 39'said new corHleb@GRlY Hrd Wi Wn

time slot If txere i,.s an unused_time slot on said carrier frequency,
and wher E¥iftinghranngsten d selealpdif e dningt AawRsshERE Fat P8 siapleaniEk h
an exi stlﬁaguee@, nection is selected if there is not an unused tine

sl ot on said channel frequency. 33. The base station according
to claim3l, further conprising at |east one instruction to phase
shift synbol s 3 %eobase\mmionmemrﬁmg o dliinr @5 peethet oompiidngxt Staktngne
connecti r £ 0 i

wherein Shmyeton s phife oiyRRR LA Al BERRLALT AiheGlBB d geisting
accor di ngerngclen-t eri a conpri si ng: sal dtinme slot is used by a renpte
station having a distance froma base station simlar to said

di stance from salcjr abe station tQ a new said renote station usj n%
said time slot3 he basggtatipp @cepidiedp M3ipn’ horbsranmg'd vsed| tipensipt Tor

wher ei n s#il Giews@intdtivh is kaltctt@accvadidg Be vtieaaResipHoNg! SidahRGi®ds used

according to cr ria ln ald lLected..if
' has | Bneotelpld gond R Plios Bl p o s i Ok R B S B Ran
one r enotad dhgtstaon.to anew saldaﬁmoﬂ'dwathmsm@satd tme alpcor ding to claim
31, wherein said used tinme slot for said new connection is selected
according to criteria conprising: a power |level received at a renote
station al r eadip-usiheghasaisention mecestiog fﬁw}ai@e??l/m‘tlhﬁfﬁml@@u@ﬁ tém¢ dlopdov

remote staline® denh8dional delbdtb® a&ﬂoﬁimg fo B%eRa @bmpAtifle ! QIPlRe SIRMANS: -
are DARP aseé station ccor§| ng to clai m3l,

a
wher ol n SSRGHT ﬁiﬁﬁ‘aéalﬁ‘ﬁbﬁr%%f:e%ﬁaég ¥ ploh ihalseady dise rbé«dn%maﬂ WEe
hi gher t banotsaiato®ARP capabl e renote station's desired signal 38.
The base station according to claim31, further conprising
instructions to: generate a first data and a second data ; generate
sai d exi sti ng ¥onndut haga'sktibn aicenrdggste qpiamc @1, amikrsiai tidifefigimatslot for

tral ni NYgaid new connection is selected according to criteria comprising: a power level received
at a remote station already using said time slot may be within 10dB of said new remote
station using said time slot if both of said remote stations , are DARP capable.

37. The base station according to claim 31, wherein a non-DARP capable
remote station has a desired signal <10dB higher than said DARP capable remote
station’s desired signal.

38. The base station according to claim 31, further comprising instructions to:
generate a first data and a second data ;

generate said existing connection’s training sequence and said different training



64 sequence ; conmbi ne the existing connection's training
sequence with the first data to produ&g a first conbined data;
conbine the different training sequen with the second data to
produce a second conbi ned data ; and nodul ate and transmt
bot h sai d first conbined data and said second data conbi ned data
usi ng saighueae® channel frequency and said same used time slot to
produce first a second transmtted signals. 39. The base
station accoro‘?or‘i‘g’“'t“(‘)t G SKIHIng coppRstian s @%F’d‘ng@l@hWﬂb the fEvedpip to
distri bupﬂﬂuceéﬂrstéﬂmamﬁaﬂaﬁays for sharing signals on a single

h I tt
reans for - sel OGS A AUEEo R itk cEtuitRe S IRERRRE dighig profice 4 o

new connegpndrombinsthdata ;whd h an exi sting connecti on; nmeans for
sel ecti ng a dII{’lB&J £t oyl ﬁhM? b%ﬁ]qgﬁgcﬁrsf: gglgb{ngﬁ (isa?ﬁ gmﬁl es\Q{dCQ Of& tda?an
fromsaid existing connec n uence

neans f ofOIBiNgg dgkx HSIB%uSéIldt wienplrrﬁgmsie&%mes andnsaghsamma@i timedslet tre
sl ot on paRjddcs AL ak@RBEd tr&ﬁs%ﬁﬂé‘cﬂﬁ%neﬁ’é’ one base station. 41.
The apparatus according to claim40, further conprising nmeans for
allocating a newtine slot if there is an unused tinme slot on said
channel frequedicyThednask whtteatcosdihg tdSREn B3MWheteat sdi@ F;h@s@l sifi@evenly
connect i 8@trbqltesdhare wi th an existing connection is selected if there
is not an unused time slot on said channel frequency. 42. The
apparatus according to claim40, further conprising neans for phase
shifting symbofe aQf,p54 Q&V‘é | ﬁ@ﬂﬁ t exi sting
connecti on. aﬁ’g ELElhh h% gﬁggmgg%\é’?ﬁlg égl %Oltnq rgsg{gdfurt her
conpri sing nedﬁ%anﬁ(f?fijgri@rlmﬂrli#?fémeé@ml ng a conmand to a base

station to asshemsSRi deleb@MNeh UsECAURNAYs o8 A ehatnhelefré &hcyﬁ@& $Ad hew
traini ng sequence 1o onefhrem)t e station . . he appar at us

accor di nGPTECRYLIOAAE, Wi FEFINESBREEPRy neans for sel ecting said
used tine sl otméas fsasdectiay acdiffeeat roiNingCeQlichcd GodOfot shidefeiconnection
conpri si pg; te station having a

di st ance 1rmosiﬁjldagbéti geco?m%ft%)ﬁ Ssnilé?r;l‘?lq%?élqtusncseéi “df'%t ance from said base
station to a resansdpd usisgnboth se’tuéttnaonngmftqmgnm; th ¢aidrearst oted tiMb slot on

45. The gfg@@glﬁg%nﬁgpg@m% sl furt her conprising means for
selecting said used ti or sal new connection according to

criteria conprising: said tine slot may be selected if it has | ow

traffic, or sajid Themepphatusi &ccatdigady é!ﬁi%ﬁi Qy ﬁ@thgprc@m%ﬁﬁﬁlg??lﬁgﬂrsew e
u

t at 1 |
zo?rplr .02 i AP 2 HFBr*“E%FIQE&aﬁ%e g@g&gg r?ié’té’?l&%] ?@@ﬂa% reguaTgY )
connect i eheddcmidiiseg tinoe doi foesdid ne@rphnekiiogto shapowih ah eveling engbmis
at a reml @il Al hSAMISL  Gnd dcfof LR RLAL) SBY,R8, W th n 10dB

of said newre Ion using Sai
renmote stations , are DARP capabl e. 47. The appar at us

according to ¢jai nPh‘éOa RMﬁfsed'céermQQQ CWXF%E’Ml‘% pptisl n%lﬁtclﬁst fo?'})hg?es

a desired sjignal her than sai te station
desired &% gmﬂ Symbo 0 saig Sle“ﬂ?en%war"atwseﬁ@&@r%i%@jmet@g@pamtm
further conpri sing:

43. The apparatus according to claim 40, further comprising means for

generating and sending a command to a base station to assign said channel frequency,

said time slot and said training sequence to one remote station .

44. The apparatus according to claim 40, further comprising means for
selecting said used time slot for said new connection according to criteria comprising:
said time slot is used by a remote station having a distance from a base station similar to

said distance from said base station to a new said remote station using said time slot.



means for generating a first data and a second data ; means
for generating said existing connectiﬁg's trai ni ng sequence and said
different training sequence ; ans for conbining the existing
connection's training sequence with the first data to produce a first
conbi ned data and conbining the different training sequence with the
second data to produce a second conbi ned data ; and means for
nodul ati ng and r@gsmttl ng bot.h said. fi S{’IB gonbl ned. data and sai d
second data co GPpys %‘ioﬁ‘éj‘ngé‘? gaiy HAFfemprisiog ey i salestng
sane usedaitliused shetsidtdopsadunee cfomnsdtzoamdc@ﬁmgrtd Cfl'lltﬁﬁflls(fﬂni}irﬁdlgs sgfainse

49. Th 42 h hi ft
evenl yedl Str |%tljf{3$scf?&?e%r Hllpﬂ?o Aﬁgﬂgg]p% atl%\%%’%gﬁl& I (*ﬂfﬁ% Yn‘gsséﬁ 1fysrlfo gqulﬁes
second sitlpnaing rgptetstatibar e a channel , conprising: neans for

generating a first data and a second data ; neans for generating a
[ i ni ence and a second trainin uence ; means

first tralnlngieq% .

for conbining t R @pparafs oserdang de rrdat hf‘ﬁ rf Oneqrisgieg acaps for
produce @elbitirgt sgemdaedn@a%@taé&d foprdaidined chl%le%ﬁ&@%c&ﬂdﬁigﬂwgcntena
sequence with the secon egata %ﬁﬁﬁr oduce a secagrnd conbi % fil 66
means f o WBHEPEL T RYVERE T FERLH A ARG AtORi Al ety eing PH‘&:P e
and sai dbsedtnd 16dBwif rsexd W eeniste Sgtian saimg safl fime sld it hotandwardndmdte

sanme ti ”@aﬁb&‘f EﬁgDﬁ] bl TSt and second transmitted signals, and
means for usi ni sal tral ni ng sequences, in the sanme tinme slot
on the same carrier frequency by one base station. 51. The

appar at us accogfimng a{pﬁarﬁ Lé'a%égmgftbﬁ rciatﬁﬁrﬁioc WRRES h Agn FRARS céﬁ%le remote,
selectln sai slot acCording td criteria conp

same t| tapp¢ aﬁé;ga%’éeg‘s igagl &d 0P highgigthan s3dtPARP @pa@sur@ngmattqm@
slot is dkdieddygnased by no nore than one renpte station, said
training sequence is not used by a cell or a sector for said channel
frequency conprising said used tinme slot, or said training sequence
is not used on4d.Adcsppatatohacmoeding teedaient, foyha compribipgsai d cel | or
sai d sector , 10 claim 50, further
conpri si ng meaIF]lga 5015 ngia@ﬁg%ﬁ??{(ﬂw&d?%s%?&gi Snid first conbined
data with resp@eanst {orsgeneraiag sai @@ﬁ@i&mé@n@a‘u@l s training sg@ienThend said

appar at Ugifs&hdidfigp §Qued@i;m 50, further conprising neans for
nd to a base station to assign said

generating and sen

sanme carder frB§uE Bf/gorg%nﬂl %ﬁ@x’csﬁﬂ% CQICothY raiRg seapireryith the first
sequencesatatto lﬁlelde%nﬁ'tﬂ dhifinedndata and conﬁfhmgT e aiPRANA i A€ 6eudhaY
to cl ai m.R th(]:, congdatgg%rydﬁ%n Fﬁcgi@&}m&negﬁatggé“ﬁg said sane tine

sl ot accor |ng o Cri same time slot is
used by a renomeanstfat modulafivg ngd dradssitdme bothrseid firsb asmbistdtdaamnnd said
simlar E&:oﬁé'dgtaclﬂoﬁ{b%&%&ftef I?ﬁﬂé?&h&l sgﬁ?alﬁhgltﬁgﬁeﬁggérﬁirﬁn@sm%s% t}ﬁjne
renote station using said sane a ara
accor di n§tof & ppayes e, a“ﬁ@ﬁ@%’értf@éﬁﬁwﬁﬂ&lﬂgisneans for selecting sai d
sane tine slot accordl ng to criteria conprisi ng a povver | evel

received at a te station alfead sin ot nay. be
Wehi e l0dn or Lo R i et RatY SHNDCTng st Soidnahaar obiY s el
of said demiteedst ati ons , are DARP capabl e. 56. The appar at us

according to claim50, wherein a non-DARP capabl e renpte station has
a desired signal 10dB hi gher than said DARP capable renote station's
desi red si gnal30. An apparatus for producing first and second signals which share a channel,

comprising;

means for generating a first data and a second data ;

means for generating a first training sequence and a second training sequence ;

means for combining the first training sequence with the first data to produce a
first combined data and combining the second training sequence with the second data to
produce a second combined data ;



57. The apparatus according to claimb52, wherein said phase shift is
evenly distributed. 67 58. A conputeéﬁreadable medi um conpri sing:
code for causing a conputer to produce first and second signals which
share a channel, conprising instructions to: generate a first data
and a second data ; generate a first training sequence and a second

traini ng sequemess; for moduiaﬁﬁg_rma ?ﬁnﬁxﬁgﬁﬁg g&g sIafdaﬁﬁa't B&nﬁi%@&'ggﬁean\&i gﬁm
I rst conoil.ne at a, I ne

the first data to.produce.a . CO e
second ¢ FECAT AGTOUBH L 4 h SHRE SRiEe HHILEcH b AprBuias 06 i Bieduice
conbi nedfidgataad second transnnittddibighdszamd transmit both said first conbi ned
data and said i Usi a_ sane, channgl f uency and
2 same time. i DEREI0r AP bAR LI AyHE OB ik AN Bing LR AP
use bothcgéwﬂﬁﬁwamﬂYEQOB@QMQWb@Qp-in the sane tinme slot on the sane
channel frequency by one base station. 59. A conputer-readabl e nmedi um
conpri si ng: code for causing a conputer to share signals on a
singl e channel 31 dBR3PPARHY a5GREding 4 Flais > durthescomprisingavpapd fneeierans
sel ect apaidseehe tifR sbohcdoding abderieNd COMPASTHEOBaIll GafRafiRe IS nRY be

exi sting _gonnect. on; sel.ect g.different train sequence’ code
or " sai dTIGURE G O83 1ooh A i AmErSs PG CUFEE CFGhDS 1o TP g one
sequencerenautd station, saidiseinbt fvqsaicd it nat wsed @y secliencesectdrfot fuid shamel
time slo - I e ; : {on. .60, . A

et hod ¢ §eay SRMRrERR AR, wlell HAPOGY o i 233 Sedlethe Mo Bt B s
new conné&df ichannel frequencgby anedrhy said celd etlsaid pastas! ot on a channe
frequency for said new connection to share with an existing

connecti on; : : .
52. The apparatus according to claim 50, further comprising means for phase

shifting symbols of said first combined data with respect to said second combined data.

53. The apparatus according to claim 50, further comprising means for
generating and sending a command to a base station to assign said same carrier

frequency, said same time slot and said training sequences, to one remote station .

54. The apparatus according to claim 50, further comprising means for
selecting said same time slot according to criteria comprising;

said same time slot is used by a remote station having a distance from a base
station similar to said distance from said base station to said a new said remote station
using said same time slot.

55. The apparatus according to claim 50, further comprising means for
selecting said same time slot according to criteria comprising: a power level received at
a remote station already using said time slot may be within 10dB of said new remote

station using said time slot if both of said remote stations , are DARP capable.

56. The apparatus according to claim 50, wherein a non-DARP capable remote
station has a desired signal <10dB higher than said DARP capable remote station’s
desired signal.

57. The apparatus according to claim 52, wherein said phase shift is evenly
distributed.



selecting a different training sequence for said new connection from
sai d existing connection's training s??uence, wherein a
cross-correlation ratio between the different training sequence and

t he existing connection's training sequence is |ow and usi ng
both said training sequences, in the sane tinme slot on the sane
channel frequency by one base station. 68 61. The net hod

according to C#ii m 60, \/\/ner(glib&T sai.d different training sequence has
sai d cross- cor MerhiIHHTHER MEEPRSOFPISEE: and 4/ 16 when correl at ed
agai nst the exi sti ngodofureatdiona Soinpaicnkdgrod@clifie énd second sighZls wiiéh
met hod a [ t | ai.m 60. . wherein said different training
sequencegl?égfég(‘)ﬁ%ﬁgﬁgﬁggwmgémggfty%ﬁ'sti ng connection's training
sequence. geneB®: a fitst dateehdd sewndrddiang to cl ai m 60, wherein said
Craining Sequonsee oy Raliilthegdiogaiea SURL RS st o2 ¢
101110000100019Wa1a 1he (et ¥BNIED $aqMe0eR Fot 61 firth 140 to produce a first
0101110010000011 01041, 01001 1101011000001001 11010 and 30100

: . . an
1111101100010768" A4 i second Hainig SRR GEF ECH fgqtfhty wodied srre

wher ei n sanbirdd fdbtar,ent connection's training sequence conprises a set

o150 Su S AR R0L 30 S Do R SR iR
111010004%atr0bigla 3am®¢hannelfrequeacy 4@ 040¢ 1ikOslan 0 pd@e et and second
11001111&&9@&&@9;%9%,Eglqilol110010100000110111001, and11100
1101010011111100 11010. L 65. The nmethod according to claim®60
wherei n sai d diser uitlseidt fraining mgduaGete e dhe sipe itswsslat gethe pamse channci
trai ni ng isga:RNGEDNE BB dtgiong: 01111 1100110101001111 11001,
01101110001011110110111000, 001011110110111000101112101, 11110
1101110001011110 11011, 01100 1111110010101100 11111, 01010
0000110111001039 06604 terOtORB]Oh6ditH0AIRRERO0 01011 and 11100
10111110111111 : T 1 ccordin claim 63
wherein said d?ogfetjafg é%%lsén(%n?\é:%lp P]gt%r T gi?aﬁﬁléj’gglgd)glean%ggfgo&rrlﬁ}ru?esl’e%om riisgn &
set of sasfueiensipng sequences conplenmentary to said existing
connection’'s tfaiLRhRgwsSaNERes, comprising: 01111 1100110101001111
11001, 011001111110010101100112111,021101101111010001110110112, 01101
1110100011101 1%4ect pRoysed 1timq glof 1ion saidorero £eangstion 39 shagsr wath an existing
110011113640 11001, 01101 1100101000001101 11001, and 11100
110101001111110 10 .. 67. The nmethod acgcording to. cl aim63
wher ei n sai d di¥LAeTterPh THTRE SEER: Bt fbr FUbor it o R g
t r ai ni ng estuecoescioorptramagtsaquentd asdi d exi sting connection's

S Sooosssonubt MBGY TATAY SRR AR A0E 104590 gn pygpme chamna
110111000¢auary by w9 baseptationg1100 1111110010101100 11111, 01010

0000110111001010 00001, 01000 0101110001001000 01011 and 11100

1011111011111100 10111.
0. Amethod to share signals on a single channel; comprising:

sefting up a new connection;

selecting an used time slot on a channel frequency for said new connection to
share with an existing connection;

selecting a different training sequence for said new connection from said
existing connection’s training sequence, wherein a cross-correlation ratio between the
different training sequence and the existing connection’s training sequence is low; and

using both said training sequences, in the same time slot on the same channel
frequency by one base station.



68. A nethod to produce first and second signals which share a
channel, the nethod conpri sing: gener@éi ng a first data and a second
data ; generating a first training sequence and a second training
sequence ; conbining the first training sequence with the
first data to produce a first conbi ned data and conbi ning the second

g rai ni ng seque@h&hﬂrﬁdﬁhdmﬁsc&ﬁﬁﬁgﬂtﬂ) datao0, avier a6 usig (ﬁff&em%lﬁg%mg@le
ata ;

; atin Jtr mtti bat ai.d first conbin
data and"&afdd s?é%%r%aﬁa‘ﬁﬁ% s }%?lﬁQ%ng} gﬂgsﬁlﬁgﬂégm Lt against the
f r equenc pxiatae compactonts tnenisigstquencer oduce first and second
transmtted signals, and usi ng both said training sequences,
in the sane tine slot on the sane carrier frequency by one base
station, wherefh Theenaaal esprdingio; d#iny 6 ivdhenein weid wliferent taining sequence
trai ni ngiss@emaaEetAYGo SAH ExRARS BShrict @bl R is | ow
69. The net hod accgr?gl ng to cl %l m 68, Mergﬁﬁ%ggﬁ%gecond training
sequence has said cross-correlation ratio of between 2/16 and 4/ 16
vvheﬂ gor rel at eB. ag&eméthbbgagﬁd)rﬁ&tg for élatth rfg Sx&ﬁ:btﬁﬂg(‘s@ld existing cof@ectidnes
met hod ag¢gor to claim ai d. second training.sequ
s comp! SREHtrSulefed BT8P o B P g baisitn cetuched Somgs g GOFG0
met hod aé@kirlﬁ[)@@l(}@al(bﬂ ai 088}, whébHlIn sdild1ild Bt000t @l ni rnd1sequent@O0

conpri se
1011100081%(98%%@%@1@%%3%1?92%aﬁ%ﬂ@f@@é&@@f{%m%@aaﬁﬁﬁ‘?&n0000011
0111011161901 6% Olli)i@ 109901 11010, and 10100 1111101100010100 11111.
111101101000100011110, 00011010111001000001101011, 01001
11010110000010%& 1010 nd 10100 11@.10 00010100 .11111. 72.
The met hod acc gMEdiog) 3 s‘ﬁh?ie@e%dl@?%}?tn?%emon s

sequence trepiny isspEnee sotpefessak chet rodi suiidh grasgifpl edRG B c6O MPMipsiking: 091M11
11001101

0110011111300 EH VBT 001, ©00 111019940 P0HRR 1 14850 414ig4 1010001 10

111010001 10101 101101 1109100011101 1910110000100 1101 DOL1Q1 10IDIUA011, 01010
1100111141901 900414101. 193401 éiﬂﬁloji‘i’@@ﬂﬁ%é@?ﬂl}é{)‘)lllo%’l‘d 144001100

1101010011111 rrses a set o alrd training sequences
conpri si P! %9%@%@@@%‘101001111 11001, 01101 1100010111101101
11000, 00101 1110110111000101 11101, 11110 1101110001011110 11011,
01100 11111100 110 111,..0101 0110111001010 00001, 01000
01011100010010%]1% ‘%‘%%fciff‘i% o1 1111 %ﬂf&%&i@é diféerqy traiiing scquenge
The met hoanpiees adiengf stil tedigingsddnenvdseoeiphishiai 0l 1900 10100 DY 11001,

sequence fﬁﬂe F0RbEATFAIC 800" GiALY t{ﬁ'o?idlgéé&g\;;.gncgﬁg dinpy

Ienen tral ni ng seqguence cCoO
11001101@)&@01@.@01101110@1110(1)11;1@@0@.111_1111 @Umwpﬂonlmmmo 0000000111001010

1101110001011110 11011 61010 ‘1100113 L 100101 11001 BH8T

1100101000001101 11001, and 11100 1101010011111100 11010. 75.

The met hod accgw. di Hbg methogll ad;dﬂitcﬁxlg t@lhﬁﬁlﬂi ®3$ airlﬂzrﬁﬁ%ftﬁ diff@bdtl Bhnection
sequence code CO | SesS Sal |d tralnln

con! one T TR GO St Lt e o U B T oot T pantary fo said
11001101%@@1@.&@1@6@9&3 tr@ihil sehjb Q@ 1 kil @1 1 l]llﬂ)ﬂﬂi)l 10101001111 11001,

cotoL LRt bgl RO IO ABIARRAF AR, ono

ommmodﬂﬂ@@@@@dialﬂ@iﬂ 1336141001 00111000901 1101001000010 1100111111001010
11001, 01101 1100101000001101 11001, and 11100 1101010011111100 11010.

67. The method according to claim 63, wherein said different training
sequence comprises said set of said training sequences complementary to said existing
connection’s  sequence comprising: 01111  1100110101001111 11001, 01101
1100010111101101 11000, 00101 1110110111000101 11101, 11110 1101110001011110



76. A base station controller, conprising: a controller processor; a
menory subsystem a data bus oagrably connect ed between said
controller processor and said nenory, Wwherein said controller
processor comruni cates via said data bus with said nenory subsystem
to send and receive values for paraneters to and from said nenory

subsyst e 0|ANA1100 1111SW0H0E01E06t Dried, DO SRICAOMEIMPT Y0 UDRS VRIS 01000

wherein i te i I e table of data,
wherein ?gq)ﬂlggwoi%ﬁggﬁ)ﬁisan@gfﬁ@fdﬁ?éOgglrléﬁ@si:qﬁ?or at | east one
set of renote stations, values of training sequence, values of time
stot number, and ¥t @f pEBANEL: bhEIUBHE %iaCLAIR At YRl HES utf
trai ni ng sequence conprise a first training guence and a second
trai ni ngMEENIIOEWPTRINGh a cross-correlation ratio which is |ow

wherein said sg@ibWang aTRRfatSAR d Redddidid ons to produce first and
second signal s which share a .channel, cor;rpri sing: generate a first

data and a sec®RGaHAL 8 LISt jRIRS peduensengia sefond FAIIE §eaEhtfence and
sai ﬂ Sﬁcond trcamh'd 'imigg&aauﬁgtc&ai;nir:g?me@cet ﬂ&hfﬂrlrlté)sﬁrsid @t NdoNGro8 Gkl 8 NarSt
with the first a_t roduce.a first 71 conbine ta:

conbi ne t %IBB@S% Od%ha ’rf“}dgf"r’%lnﬁlﬁngge%esﬁg%n%rfuﬂ"{gh%qugﬁcgn‘ﬁﬂﬁa’iﬁ% sgagnd A3, (%
a secondpuouinbé meetoddtambined data; nodul ate and transmit both said first
conbi ned data i . onhj i

channel fr eq‘ueﬁggulgt?ll{&d %ﬁ?gﬁngg?@%%gﬁo% @Ff’gﬁ %ﬁ%@g&lﬁ %ltrgg{l ; gﬁg%gﬁgndéta
transm t ce@bBieg datagisingrigsame carrien ferquamyrans'a ernte i sleg tpigdeseciist aridn

t he samsédoﬂgt@hgﬁit@@sﬁghgs,saaﬁe channel frequency by one base station.
77. A base stat i.onbgtgntrol | er, a controller processor; a

conpri si.ng;
nmenory subsyst & said Ealﬂg‘tgaseﬁg‘g“‘%’bé?gh‘? SRS Hisctlalon dissssne cHTier
cont r ol | érequenog essone dask saiidn,nezhwd Eih gmeiseddgreMiog @ﬁatﬁemkzé@lrj said first
processo i i i ata bus wi t.h, said nenory subsystem
to send gﬁ@?@%pg@%gﬁ? ééelg S%%)P gﬁ%}né?f%?e@}lgncteds ]6?% fromsaid nenory
subsystem and software stored in said nenory subsystem
wherein said ngmgs - i a : .
wherein said ,dat'a}%éﬁr%{??%lg@é&_\gaé %ggE%?ﬁggbng%eﬂfEeariﬁ)ggcrdhg?}a&eia%ts&@%@:e
set of r&nbtadd sfogsicerelationrafivsoiobetiean Alfgensled{l@ vden cpmelatas eainst e
sl ot nunigiedt traginek w@hees. of channel frequency, wherein said val ues of
trai ni ng sequence conprise a first training sequence and a second
training sequence with a cross-correlation ratio which is |ow
wher ei n sai d sHf. Thanetioeimeeosliags orddinud ivboit oiéhabrd shigha sqihcais

single CQ&HBEH%&?}%’H&% 18t training sequence.

71.  The method according to claim 68, wherein said first training sequence
comprises a set of said training sequences comprising: 00100 1011100001000100 10111
00101 1011101111000101 10111, 01000 0111011101001000 01110, 01000
1111011010001000 11110, 00011 0101110010000011 01011, 01001
1101611000001001 11010, and 10100 1111101100010100 11111.

b

72. The method according to claim 68, wherein said second training sequence
comprises a set of said training sequences comprising: 01111 1100110101001111 11001,
01100 1111110010101100 11111, 01110 1101111010001110 11011, 01101
1110100011101101 11101, 11110 1101110001011110 11011, 01010 1100111111001010
11601, 01101 1100101000001101 11001, and 11100 1101010011111100 11010.

73. The method according to claim 68, wherein said second training sequence



set up a new connecti on; select an used tine slot for said new

connection to share with an existing ggnnection; select said
second training sequence for said new connection fromsaid first
trai ni ng sequence; and use both said training sequences, in

the sane tinme slot on the sane channel frequency by one base station.
78. A basemptisdsiaont oxaipiriisingGequineaindohgirstig: 011A¢ 6380110100801 ENIDB], a

Conerver Oty CBasLIRGLFODaThGE G CIPRTRnI B R e By
72 condi t@HS 00K 151 IGhHI01 byoL18@ri$110A 0RIAWA1 LibnkAdil 1, (1§10 DDOQ 0L NGOl arH
anpl i fyi 08001, 010000 égo?%lﬁﬁfodé dphad Pfl.@@%ﬁﬁ*%héhﬁ?ﬁ;bﬁgtoﬂ{.t° sai d

receiver front end ates the conditioned signa outputs the
denodul ated signal to a channel decoder and de-interl eaver

oper abl y conneg4 edriicin&fbd aé@edhy & cleRipuliadah séi@%e&ﬁfd%&ﬁﬂﬂ% ddefEe
processor; on controller interface oper

. a hgse sfat .
b onmeot oBoMGCUBRE SHERE! Pl i, FrEBESHYeney GRIBP SRR, ReH L B raining
oper abl y seqprenecteid compsising: 60Nt NoOO 01 OI0HA eBIS D01 A0 X108rS M 0eT0101100
nmodul at or er saif.c ' rs
transnit#é?ﬁfr@ﬁ?yeﬁ@ﬁgn &ﬁgogggrggﬂ§’8gﬁg£gp@81@%ﬁigﬁggfrgH?%tRQ}O
nmodul at od 1@id 0eplér &byl 100 hiHEl e d 18@ 14 bi100 teidt 808t, Dt ¢ 0101000001801
dat a buslgmﬁr@Qﬁy“Q@qqggégﬁnpﬁﬁm@fpuﬁ@id controll er processor and
e e

sai d channel 'decoder and -interl eaver, said receiver denodul ator,
said receiver front end, said transmtter nodul ator and said

transmtter fropmt BRdnetAd@according to claim 71, wherein said second training sequence
code comprises said set of said training sequences complementary to said first sequence
code comprising: (1111 1100110101001111 11001, 01101 1100010111101101 11000,
00101 1110110111000101 11101, 11110 1101110001011110 11011, 01100
1111110010101100 11111, 01010 0000110111001010 00001, 01000
0101110001001000 01011 and 11100 1011111011111100 10111.

76. A base station controller, comprising:

a controller processor;

a memory subsystem,;

a data bus operably connected between said controller processor and said
memory, wherein said controller processor communicates via said data bus with said
memory subsystem to send and receive values for parameters to and from said memory
subsystem; and

software stored in said memory subsystem, wherein said memory subsystem
comprises at least one table of data, wherein said data comprises values of a parameter
for at least one set of remote stations, values of training sequence, values of time slot
number, and values of channel frequency, wherein said values of training sequence
comprise a first training sequence and a second training sequence with a cross-
correlation ratio which is low

wherein said software comprises instructions to produce first and second
signals which share a channel, comprising;:

generate a first data and a second data ;

generate said first training sequence and said second training sequence ;

combine the first training sequence with the first data to produce a first



software stored in said nenory, wherein said nenory conprises at

| east one table of data, wherein saidygata conprises values of a
paraneter for at |east one set of renote stations, values of training
sequence, values of time slot nunber, and val ues of channel
frequency, wherein said values of training sequence conprise a first
t rai ni ngcembueddetaand a second training sequence with a

Cross-corr .e' at &cﬂﬁbiﬁ@%ﬂe%e(‘f@dctﬁf . iﬁ% ls?c?‘s\./len e with t 'E:(?I.g{]daﬁgi[od r%)glfl te“a“are%ond
conprises instructions to produc FSE° And 'second si-gnar's W h
share a €prahwst da@enpri sing: generate a first data and a second data

; gener at emgahigiel Add brahdnfit MHoRP sSQARNCEMBREA SRS 58 ﬂfjsécrogh g
sequence ﬁg}gﬂ?l ne the first '[Lal ni %g sequence with the first data to

produce &P deBrsineethc §amg channel frequencyiapd asamedispe gt for BreARGegiirst
sequence and drohdl easeciand sigaila 4nd produce a second conbi ned data ;

nmodul ate and transmt both said first .c i ned dat nd sai d second
dat a combi ned %Séa?baoq%gfuﬁgtrﬂmggr?gq%%‘ﬁﬁ’ épqg‘%‘jéﬂﬂgﬁw Qﬂgmé t@%ﬁfﬁn? F’ﬁ%ﬂnel
sl ot to feqarey byionsbasemtiatsmcond transnmitted signals, and use
both said training sequences, in the sane tinme slot on the sane
channel frequency by one base station. 79. A base station,
conprising: a Codtbhasepakopegimilencomarisiagt enna; a dupl exer switch

operably connegt&frdiier pakébshase station antenna; 73 a
receiver front end operably connected to said duplexer switch which

condi tions t he® TEHREY SyYH¥e8ns of down- converting, filtering, and
anplifying; a data Buy epejablsr colerodal whweenopsit aktnyroll N pRIEGEr tadd Sald

receiver fr denodul at t he conditioned, signal..a ut puts the
Germau aP il RaeCrRe Yoo b S SR oF S it P Ry
oper abl y meormgstlsystem tomend pateicoire vdiero Gulpatanretando sal fromontd mkhery
pr ocessokuhgystem: and® Pase station controller interface operably

connected to sard controller .‘Erocessor' a coder and interl eaver
operably conneXfEHre stoset i saf tReNITErSubpstas swheren saidymemary erbsystem

modul at ocoapasaal YeasosHregblebldatas diherenPSad daltolrphild RAYR of aBparameter
transmtter front end dul e operably connected to said transmtter
modul at of°r at least one set of remote stations, vgﬁues of training sequence, values of fime slot
number, and values of channel frequency, wherein said values of training sequence
comprise a first training sequence and a second training sequence with a cross-
correlation ratio which is low
wherein said software comprises instructions to share signals on a single
channel; comprising:
set up a new connection;
select an used time slot for said new connection to share with an existing
connection;
select said second training sequence for said new connection from said first
training sequence; and
use both said training sequences, in the same time slot on the same channel
frequency by one base station.

78. A base station, comprising;

a controller processor;

an antenna,

a duplexer switch operably connected to said base station antenna;

a receiver front end operably connected to said duplexer switch which



and operably connected to said dupl exer swtch; a data bus
operably connected between said contrejler processor and said channel
decoder and de-interl eaver, said recelver denodul ator, said receiver
front end, said transmitter nodulator and said transmtter front end;
and software stored in said nenory, wherein said nenory

conpr i sesomditibrsdhe signa byabtans of ddat-aonwingifittesag, cind atrpli€angr i ses

val ues of a Paf AfXELCL, fcf% oﬁ{lla ?aﬁ{serglﬂg %?ﬁne%{%ir %r%a?d Sltegtl{/gl‘n%f ¥a| ucfa S
of training sequence, I and va of’
channel ﬂ?@a@@ﬁ@whe\méé@pm@ml%d oelpuisfhe dwﬂ%%em@hme conpri se

a first tr a' ni ﬁ%h%ﬁm%@dén%@ JSSRICALhVEF ApBiBE ERAURRRCHM sélﬁ feceiver
Cross-co t|on r(g ‘?F‘H‘t his |ow whérein sald software

conpri se e‘?lﬂ PIAQE fp FROSFSMal s on a single channel ;

conprising: sed lape astatiy COMAGRY | Medrface operatgl @fhed@dd Lt§e%1&| eBatdliet
for said_n wsgpnnectl on to share with an existing connection; select

sai d secBhad“t¥ai ni ng sequence code for said new connection; and
use both said 'ct¢Qsdenamlmbawwsxablymmhejctahmﬁdl amtrs]lmtpr@cressdme sane

channel frequ ee{"ﬁﬂ sm{tt 76 %ﬁeﬂﬂig Qonn%gted 'Atpsa%? Q@Je?é.t@ 1nt8‘{ea§é}ar I ng

signals on a si n ann or s a new
connection; 2 transrrﬁﬁ%r rigorgt @ﬁd Wﬁé&qpﬁ@i hhcansedted tmlchﬂrwmﬁﬁeranmwe I

frequenCanf@;ﬁerﬂﬂy@oﬂ%e@(iﬁ'@ﬁgfdh RxérQwafagr € Wi th an existing
connecti on; Ereans for se ectan%qa di ff&r ent training sequence

for said new cofABcPYHAPFREY cungeled Ttveg s neBiplier BrocesphiaRg said
sequencechaniner éécoder adodsnedlcaedrataid fedeBict delBOIVES!) shiderceliiéref@iitend,

trai ni o AEGURNGR AL S5} St Mp RReRbiRasyly 3 N ng sequence I's

| ow; usi i ni ng sequences, in
t he sarre time @ﬁ@tﬁr@)mtddemsarcblmmmyqe‘lfhefrtﬂaq;a@nmymbyy coreprives at $daat oron.

81. The apRasrAiis v@ﬁ&&ﬁ%’agigdatté’ cGthHidhs Qe 'élﬁia e%rdfog 'a{ fegé’t%%% /SEtGof

traini ng se uence has sal cross-correl ation
and 4/ 161'%3% s@bPn%e vatuss oh fainng squRencex g uesnef t@m ot niushers and Hilngneol

sequencechannel frequeBdy, Wik@eidPRAT d41Hss @ﬁﬁ@iﬁﬂign&qﬁ&cﬁlc%hfﬁrﬁg a MREHSinthe
said different trﬁ ni ng %ﬂence IS co | ementary, to said ex|sting
hipodud i

connect i SEHUENGe, HIS Segrace w a crossgz\g)rrelﬂtllgn éﬁﬁh‘fﬂéﬂ?bés low
according to ckadran88sid vdodivard comiptis@X iigtruagbreon@edduod’ {Hst had NHebehd

sequence se ni ng sequences conprising: 00100
101110008%@%&"5‘8‘%03? %%T%?ﬂo%f%ﬁ%i‘%oomonmn 01000
0111011101001cgmemela1_ﬁrst dateend 4 sacbod ¥6t:Q001000 11110, 00011
010111001000004Q30:k 14 ﬁ&?—ﬁ%njgls%%w%@c@@awg’éco&&%ﬁh (%?s% fueid1 00

1111101100010100 11111 aratus acc I'ng tb claim
80, wherein s&otang s distt taiRingc savRIGer 341 i By Sesutste do aupdicese Sirat
set of sa(b;ﬁbﬂne@ﬂﬁta;ng sequences conpri sing: 01111 1100110101001111
11001, 01100 111 1 10101 20 11111, 01110 OPJi3 0001110 11011,
01101 11101000PTH4% 1 5% fal‘&‘iﬁ_if’tﬂ“i‘i‘iﬁ’ﬂlﬂb taytppraducy Appeond
110011114x06Hh6d 044001, 01101110010100000110111001, and11100

1101010011111100:3401Qd transmit both said first combined data and said second data
combined data using a same carrier frequency and a same time slot to produce first and
second transmitted signals, and
use both said training sequences, in the same time slot on the same channel
frequency by one base station.

79. A base station, comprising:
a controller processor;
an antenna;

a duplexer switch operably connected to said base station antenna;



85. The apparatus according to claim80, wherein said different

trai ni ng sequence conprises a set of said training sequences
conprising: 01111 1100110101001111 11001, 01101 1100010111101101
11000, 00101 1110110111000101 11101, 11110 1101110001011110 11011,
01100 1111110010101100 11111, 01010

000011011100104 0800, Go0030d 0019 100Mhe06d 101 sanddiedr switch which
10111110 to claim
83, V\herel;%%&ééi&gh%?l#% nl%lea({lgﬁrﬁgg‘gpgﬁgﬁﬁ?@%@ﬁgqugﬁg{g‘ﬁmg ri ses
said set of saf dreP?léan|d($§10§8&%nt9é%fa‘é]§rrﬁpwwgaﬁ‘y sy seerel verx it ngnd
connect i @Bmsdilagk mmnamueﬂﬁgnmﬂ@ of ﬁﬁrtheaéiﬂod&a’ltédlégnm to
1100110101001111111&{&’:2 4 %100 d}%%lllg 10101100,11111, 01110
110111101000113 #1441 1decgdsroand fegAEEeAEL PPEERPIY Fopcetef oy gaid receiver
11011100@¢mdadiatdr 2dd4ald cOIBNBr frhdekdr 111001010 11001, 01101
11001010000011 0 and 11100. 10011111100 0.

87. The appara lljbsajséc%%t}o& %gn %%egl lé]i%er{? g E%D]I%l R A 89 clitl f?egae‘ﬁqmmner
t rai ni ngPs®gsrdnce conpri ses said set of said training sequences
conpl ement ary

011111100110105180%%%%&6%\%1% Q%%ood’%ﬁtc’s%ﬁ&i‘g%%uwé%gdf
11101101110001®¥ansmier medulator qneyably gowegted 1q erid soder and M@@ﬁaver
111111001010119Qadshiifdr fréHk@hE nfHAQ ﬂeﬂaiﬁ&ﬂ;@ie&e@ Q0&d trk@8fer modulator
0101110001001 % 01011 %nd l%%ygl 1111011111100 10111. 88.
An appar APGSPTAYY SPEYHEECHY SH S3HFECond signal s which share a
channel , conpra siarag busreaambhorcowented atdtweena sditdr a:tntldaéxa pﬁfﬂ:dssar ed ol
data ; r iL0i ce_.and

second trg?dr{l%ﬁﬁgc dglr argfg'ee{n%ﬂquer FEL& rééen;e{' %elrﬁogvgﬁt% liecell'y%r i;;i?rﬁt end,
sequence SWit‘ilﬁmﬁmétef moéﬂiawtaad smd pnaomu@ter ’éIOIﬂtl fmdt arEdOI’TbI ned dat a;

means for conbédﬂ“nge Eﬁ&?ecﬁﬁc%@djn{eﬁxﬁlrﬁ'\ﬂﬂeréﬁ%ﬁﬁﬁﬁnw Bo.r. 1%%@‘?&@ 9@&

to producefjll| ggcon nbi ned data ; nmeans dul ati n
transni t f30hgChettR ‘é'%?ramr%af%fiafe@%pﬁe“é @hies %ﬁwweers@é@h&aaam set of

conmbi ned refadta stisiong Valka BE tQaTing @erqufaﬁ@guen@syoiaﬂ@le alot alRbkd, ARd shl%s bp
produce fhrst nd secon trans tted kﬁna S

using bot’ gl R W ef&’élqﬁfé cgues g 1@1%%“??%00&%{5%3%85&3
carri er fepgunencynd msaosdmeinged deqbgnce nethbrasessstaatel oion raewhich iglow
cross-correl at a elt“y;? f [ c i d
second trai ni ngﬁé;gglu%éﬁge% @’Eoﬁﬂ;hges Iil{sa@&“"%h&) ngaé%‘r%%hﬁg §%§%g@%2ég
to cl ai meBgmeligempripngai d second trai ni ng sequence has said
cross-correl ati®gp ﬁ%wogﬁeg%hmeen 2/ 16 and 4/ 16 when correl ated

agai nst the fi reiﬁt training se ue 90. The appar at us
according to ciégmagguse BiSHPLSIRr &aléle’&%d"){“ﬂeﬁlﬁi’ g YeGurHaean gxisting
conpl enerbaegtibly said first training sequence 91. The

appar at us accoygi erein,s first trai.ni g%dsequence

conprises a set c‘):? %@S%FOPEE%I%S%IB‘EMS FRES 05 3Wﬂﬁe§“| RFreHisR
1011100001000196@ Yol kdid BHAREI1RGIH0L] 14000 30hd GibdlsloDdOAR: same channel

01110111¢100400Q,Qht 0
1111011010007506 i'lllég S8%9)8110111001000001101011 01001
1101011000001001 11010, and 10100 1111101100010100 11111. 92.

The apparat us Qe fhphfindsGofsiating 8Bna gLl saldnaesanstidifal ni ng
sequence conpri ses fSal d.set of sai traini ng sequences conpri Si ng.
01111 means for setting up a new connection;
means for selecting an used time slot on a channel frequency for said new
connection to share with an existing connection;
means for selecting a different training sequence for said new connection from
said existing connection’s training sequence, wherein a cross-correlation ratio between
the different training sequence and the existing connection’s training sequence is low;

and



76 1100110101001111 11001, 01100 1111110010101100 11111, 01110
1101111010001110 11011, 01101 1110100941101101 11101, 11110
1101110001011110 11011, 01010 1100111111001010 11001, 01101
1100101000001101 11001, and 11100 1101010011111100 11010. 93.
The apparatus according to claim88, wherein said second training
sequence conpringss fenpngeath shiddeining seduancry, iwdhe emmetme shonshagme
01111 1109:Lhe1RdRRAdy dd00ke s@ddP1 1100010111101101 11000, 00101
1110110111000101" 11707, 11110 1101110001011110 11011, 01100
1111110010101100 11111, 01010
00001101110010100DE0 hpPak @RS 0akQd:r 0 @l QD0 R0 1 Ghkadifl 1shdDQlifferent training

1011111011111100 10111, . 94. .The, appar acc [ to clai
51 viner SREAE Ress i bipssieamrieiin? Suin Bh BN G RnY 1€ 089 201 € W0  Srelal
t r ai ni ngagaeel drcasstogrphesvting artypitiog s@ueidei r st

t rai ni ngsequenceconpri sing:01111110011010100111111001, 01100

1111110010101100 11111, 01110 1101111010001110 11011, 01101 N
111010001110118% The erparatys 1avcarding) 1@ odaion 894 ovherdn 15aid) foffgent training

11001111 330036:% 1400 10;
111001100 e s T po T a b Wlsaldl B4 5.%%@%%%?@%%@3??&639 fig to

claim9l, wherein said second training sequence conprises said set of
sai d traini ng $equircppaanicesmditigatoycliitn 8@ whdrtihSdaid &gHaCEnnection’s
conpri si ﬁ% -n01111 11001101.0109111 1 f'LlO. 1, 01101 110001011110110% 100
11000, 00TOT™5 THBFHGT FBWH I 1 101" StH1 ¥ PIABEF 0 14 HRG> 350 14!
01100 111an160600L061@01110111010100000110011@010DO0DMO1, ADAON 01000

01011100@%%32@{3@6%i (ﬁﬁ‘i‘@,%%@@ 1%91—)}%@130%%607011]199&%@%5 919111001 6%)?'@%1 gIAa

conputer-rea m _conprisin

conput er Ol@lpp&mc]éoﬁmlélpowoééé@ﬁb agq §AE10s! Al HAOGHAM 80 A1 dAannel |
conprising instructions to: generate a first data and a second data ;
generate a firgt .training sequence and . a second training sequence,;
conbi ne the fi@'stlthter%ﬁpﬁfaﬁbs §‘gﬂffgﬂ%éo \M?EPW § eWneredy said daffergntyeosmgetiony
first cotrbinihey seipfeace comprisesc@nbitnef tshid s@mond skauinbésngomOALi@RC O] Y1t h
t he seco I i X I

and tr anorad REVKBLENCABEE @ 196 1THIGSOTR AT o140 4 BREEOES
conbi ned!Hitla @idPhgl 1408608 1tWdhhel 1104 eduéHryi 18 080 BAr$1G i @15 610100
produce figii1AM001016 Sa¢emd t M tlfiﬁ@'m%b?ditﬂh%m ang oo and S h

said trainj n(_? se?uences In'the sane tine slot on the sahe anne
frequenc}lcbl@ P THHO 1PLY:| on, wherein a cross-correlation ratio
between said first training sequence and said second training

sequence is | O%L "19}176' a@pa%gtﬁ? ue}c%cr)r_dgnega 631 bclla?mn% ,I l‘{v e(r:e%rp sra%d'S Id?f%rent training
sequence comprises a set of said training sequences comprising: 01111
1100110101001111 11001, 01101 1100010111101101 11000, 00101 1110110111000101
11101, 11110 1101110001011110 11011, 01100 1111110010101100 11111, 01010
0000110111001010 00001, 01000 0101110001001000 01011 and 11100

1011111011111100 10111.

86. The apparatus according to claim 83, wherein said different connection
training sequence comprises said set of said training sequences complementary to said
existing connection’s training sequence code comprising: 01111 1100110101001111
11001, 01100 1111110010101100 11111, 01110 1101111010001110 11011, 01101
1110100011101101 11101, 11110 1101110001011110 11011, 01010 1100111111001010
11001, 01101 1100101000001101 11001, and 11100 1101010011111100 11010.



code for causing a conputer to share signals on a single channel

conprising instructions to: set up a Agw connecti on; ~ select an
used tine slot on a channel frequency for said new connection to
share with an existing connection; select a different traini ng

sequence code for said new connection fromsaid existing connection's
trai ni ng sequefte ERiaPPaRHES eicrording: &5 slagor $b| whereim paid | diffbreniwteininge

differ en%eqdeawb@ﬁpﬁs%g YEIAGRt 69§Hi‘d @fﬁﬁhlﬂéﬂ%qﬁéﬂég b&aﬁf’cggﬁﬁﬁ F(g.éhr‘ﬁé ﬁ}(lstmg

trai ning sequence code is |ow a

sequence§°m%"?%%é ssgﬂﬂée“tcf’rré’og"ipéltsmﬁn toﬂéllsaﬂrio@ﬂﬁmﬂ@p THleqlEidy %@“&he

base statli@r010111101101 11000, 00101 1110110111000101 11101, 11110 1101110001011110
11011, 01100 1111110010101100 11111, 01010 00Q0C110111001010 00001, 01000

0101110001001000 01011 and 11100 1011111611111100 10111.

88. An apparatus for producing first and second signals which share a channel,
comprising:

means for generating a first data and a second data ;

means for generating a first training sequence and a second training sequence ;

means for combining the first training sequence with the first data to produce a
first combined data;

means for combining the second training sequence with the second data to
produce a second combined data ;

means for modulating and transmitting both said first combined data and said
second data combined data using a same carrier frequency and a same time slot to
produce first and second transmitted signals, and

means for using both said training sequence, in the same time slot on the same
carrier frequency in a same cell by one base station, wherein a cross-correlation ratio

between said first training sequence and said second training sequence is low.

89. The apparatus according to claim 88, wherein said second training sequence
has said cross-correlation ratio of between 2/16 and 4/16 when correlated against the

first training sequence.

90. The apparatus according to claim 88, wherein said sccond training sequence
1s complementary to said first training sequence.

91. The apparatus according to claim 88, wherein said first training sequence
comprises a set of said training sequences comprising: 00100 1011100001000100 10111,
00101 1011101111000101 10111, 01000 O0111011101001000 (1110, 01000
1111011010001000 11110, 00011 0101110010000011 01011, 01001
1101011000001001 11010, and 10100 1111101100010100 11111.

92. The apparatus according to claim 88, wherein said second training

sequence comprises said set of said training sequences comprising: 01111
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1100110101001111 11001, 01100 1111110010101100 11111, 01110 1101111010001110
11011, 01101 1110100011101101 11101, 11110 1101110001011110 11011, 01010
1100111111001010 11001, 01101  1100101000001101 11001, and 11100
1101010011111100 11010.

93. The apparatus according to claim 88, wherein said second training
sequence comprises said set of said training sequences comprising: 01111
1100110101001111 11001, 01101 1100010111101101 11000, 00101 1110110111000101
11101, 11110 1101110001011110 11011, 01100 1111110010101100 11111, 01010
0000110111001010 00001, 01000 0101110001001000 01011 and 11100
1011111011111100 10111,

94. The apparatus according to claim 91, wherein said second training
sequence comprises said set of said training sequences complementary to said first
training sequence comprising: 01111  1100110101001111 11001, 01100
1111110010101100 11111, 01110 1101111010001110 11011, 01101 1110100011101101
11101, 11110 1101110001011110 11011, 01010 1100111111001010 11001, 01101
1100101000001101 11001, and 11100 1101010011111100 11010.

95. The apparatus according to claim 91, wherein said second training
sequence comprises said set of said training sequences complementary to said first
sequence comprising: 01111 1100110101001111 11001, 01101 1100010111101101
11000, 00101 1110110111000101 11101, 11110 1101110001011110 11011, 01100
1111110010101100 11111, 01010  0000110111001010 00001, 01000
0101110001001000 01011 and 11100 1011111011111100 10111.

96. A computer-readable medium comprising:
code for causing a computer to produce first and second signals which

share a channel, comprising instructions to:

generate a first data and a second data ;

generate a first training sequence and a second training sequence ;

combine the first training sequence with the first data to produce a first
combined data;

combine the second training sequence with the second data to produce a second
combined data ;

modulate and transmit both said first combined data and said second data

combined data using a same channel frequency and a same time slot to produce first and
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second transmitted signals, and
use both said training sequences, in the same time slot on the same channel
frequency by one base station, wherein a cross-correlation ratio between said first

training sequence and said second training sequence is low.

97. A computer-readable medium comprising:

code for causing a computer to share signals on a single channel, comprising
instructions to:

set up a new connection,;

select an used time slot on a channel frequency for said new connection to share
with an existing connection;

select a different training sequence code for said new connection from said
existing connection’s training sequence code, wherein a cross-correlation ratio between
the different training sequence code and the existing connection’s training sequence
code is low; and

use both said training sequences, in the same time slot on the same channel
frequency by one base station.



