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Brenenne.

B MHOrokaHambHBIX CHCTEMax CBS3M 3-€ro IOKOJeHWs, Oasupyrommuxcs Ha crangapre CDMA, Oynyt
HCTIONB30BaThCs MceBaocTydainbie nocnenosatensHocTu (IICIT) Gompmioi mmurensHOCTH (128 mmm 256 uunos) [1].
3TO0 MpeabABISIET BBICOKHE TPSOOBAHUS K JIMHCHHOCTH YCIITUTEICH MOIITHOCTH IICHTPAITBHOW CTaHITUH.

B [2] Op11 mpoBeneH aHaIHM3 BIMSHUS TUITHYHBIX BHIOB HEIMHEHHOCTH HAa YPOBEHb MEKKAHAJBHON MOMEXH.
AHanu3 TPOBOIWIICS C yYETOM CBOWCTB TpymnmoBod 3aMmkHyTocTH aHcamOms [ICII, mpumeHuTEensHO K HambOojee
pacmpocTpaHeHHOH CcUTrHainbHO-KOmoBOW KoHcTpykinmu (CKK), korma omgHoMy wWHDOpPMAIMOHHOMY KaHAIy
COOTBETCTBYET CHUTHaN ¢ mMoxayisiueii ®M-2 B kaxmoil kBaapatype. Ilpm stom B mepematunike CDMA cuctemsl
¢dopmMupyeTcsi W W3IydaeTcs CHHXpPOHHAas CyMMa OpTOTOHAIBHBIX CHTHAJIOB, MaHUIYIHPYEMBIX IO ¢a3e B
COOTBETCTBHH C ITEPEJaBaEMOI M0 OTJACIBHBIM KaHaIaM HH(pOpMaIeH.

Taxxe B [2] OBUIM TPEIIOKCHBI IyTH YMCHBIICHUS BIIMSHUS HEIWHCHHBIX HMCKaXXCHUN Ha OTHOIICHUE
CUrHai/loMexa, B 4yacTHOM ciydae Bbibopom CKK ¢ menpmmm, yem nmpu ®OM-2, nuHaMUYECKUM IHATIa30HOM
(maOTOmO3MIIMOHHEIX CKK). KadecTBeHHO MOHATHO, YTO YMEHBIICHHE JWHAMHYCCKOTO JHANa30HA CHUKACT
TpeOOBaHUE K JIMHEWHOCTH MPUEMO-TICPEAAIOIICTO TPAKTa WU, IPpU (PUKCHPOBAHHON JIMHEHHOCTH TPAKTa, MO3BOJISIET
YBEJIUYUTh JAIBHOCTD CBSI3H.

Hacrosmas pabora, SBISSICH TPOIOIDKEHUEM [2], TIOCBAIICHA KOJUYCCTBCHHOMY aHAIM3Y BIUSHHSA BEIOOpa
nmosunronHoctd CKK Ha Takme XapaKTepHUCTHKHA CHCTEMBI KaK: JAIbHOCTH CBS3M, CIIEKTpajbHas 3(PQPEKTHBHOCTS,
JIOCTOBEPHOCTH MpHeMa. AHAIIN3 MPOBEACH ISl TUIMHMYHOTO BHIA HENMHEHHOCTH (KyOWYeCKOW HETMHEHWHOCTH), MPH

9TOM HEJIMHEHHOCTh 3a4acTCsd 4Yepe3 YPOBCHL OZ[HOHCIII/I6CJ'ILHOI71 KOMIIpeCCUuun PO’ YTO [ACJIaCT MOJYYCHHBIC

COOTHOIICHUA y,ZIO6HI>IMI/I I MTHXKCHEPHBIX PpacuCTOB.

PaccmarpuBaembie CKK.
Paccmotpennsie B pabote CKK B o0mieM BHIe NPENCTaBISIOT CO00H MHOTOIIO3HMIIMOHHYIO KOHCTPYKIHIO.

IIpu 3TOoM I Kakaoro MH(POPMAIMOHHOTO KaHaja MpPENOCTaBiseTcs Habop u3 E oproroHansHbIX IICIT ¢

JIOTIOJTHATENbHON MaHumyssimuedd @M-2. Il akTHBHOTO KaHaja Ha KaKIOM HHTEpBale BPEMEHU HM3ITydaeTcs Tapa
IICIT u3 mabopa, mo oxHoui IICIT B kaxkmoit kBaapaType. [Ipum 3TOM TIepeHOCHTCS 210g2 R wndopmanun.
MaxkcuManbHOE YUCIIO 0JHOBpeMeHHO u3inydaembix nap I1CI Ha eHTpanbHOW CTaHIMH PABHO

2L
M=== (1)
R
rae L —6asa IICII. U3 (1) creayet, 4To cyMMapHBIif 110 BCeM KaHaam 00beM TepeaaeMoii uadopmanuu [ pasen:
4Llog, R
H="2C%2 )

R

Kak HeTpygHO 3aMETHTh, yBEIMYECHHE IIO3ULIUOHHOCTH K, NPUBOOMT K CHIDKEHHIO JHHAMHYECKOTO
JMara3oHa M3Jy9aeMOro CHTHaja, HO TAaKKe YMEHBIIAET W CHEKTPaNbHyIo 3()()EeKTUBHOCTh cuCTeMEl. [loaTomy mist
COTOBBIX M MUKOCOTOBBIX CHCTEM CBSI3U HEIEIeco00pasHO BHIOMpATh To3uIHoHHOCT, R >4, B Toke Bpems s
peNeHbBIX IMHAK M CITyTHUKOBBIX CHCTEM CBSI3H, A€ TpeOyercs OoubInas JaJbHOCTH CBSA3U M MIPHEMO-TIEpEeatOIHii
TPakT 00JagaeT SPKO BBIPAKCHHBIMH HETMHEHHBIMH CBOIMCTBAMU, YBEIHUYCHHE TIO3UITMOHHOCTH MOKET 3HAUHUTEIIFHO
YAEUIEBUTb CUCTEMY.

MopeJib HeJJMHEITHOTO TPAKTA.

OCHOBHOH BKJIaJl B HEIMHEHHYIO XapaKTEPHUCTHKY TpakTa OOBIYHO BHOCHT YCHJIMTENb MOIHOCTH (YM)
BBIXOJHOTO Kackaja nepenaryuka. s OonpmacTBa YM HOPMHpOBaHHAs aMIDIMTY/AHAs XapaKTepUCTHKA 3a1aeTcs
Mozensio [2,3].

f(z)=z2+0a,2° (-w<Z<o; a,<0), ©)

rac f(Z) n Z AMIUIMTYABI Ha BBIXOJIE U BXOJC HEJIMHEHHOTO 3JIEMEHTa COOTBETCTBEHHO.

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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Taxum 06pa30M HEIIMHEHHOCTh YM IOJHOCTBIO OIpEACIACTCA MapaMETpOM 03. Ha MPpaKTUKE OHa Yalle BCCro

XapakTepusyercss ApyruMH mapamerpamu. OIMH M3 HMX — 9TO OfHOAeuuOenbHas Kommpeccus P, pasHas
MOIITHOCTH, 00YCITOBJIICHHOW JIMHEHHBIM WICHOM B (3), TpH KOTOPO CyMMapHasi MOIIHOCTh Ha BBIXOJC HEJIMHEHHOTO

snementa P 5 MEHbIle P, a1 nb. HecioxHo mosyuurs, 4to

a,P, =-0.073 4

HcxomHble COOTHOIIEHUS.
B [2] mst kyOmaeckoit MoeNi HeMMHEHHOCTH, OBLIO ITOJTYYEHO CIIEAYIOIIee BEIpaKEHIE

.03 , 4K =2
LEL 4|O"*’|LA1 L g

> ®)
N 9 212 p4 ,
—ai;L"A'p;(n
16 3 A‘l 3|( )
rae:
S y
e — - ortHomeHue sHeprun oaHoii IICII x aucnepcun nomexu mpu R =2 .

¢ K —uucno ognoBpeMenno nznydaembix [1CIT B omHoM kBagpaType (onuHakoBoe B [ u Q).
* A, - ammumryna oauoii IICIL
c Py (n) - BeJIMYMHA pa3Hasi sl IBYX KpPalHUX CTaTHYCCKUX Mojeneli opmupyeMoro konebanus. [Tpempraymmit

aHaJIM3 TIOKa3aJ, YTO B TIEPBOM MPHOIMKEHUM 3aBUCUMOCTBIO OT MoJeed MOoxHO mpeHeOpedb [2]. Tak kak
mepBasi MOJAENb SBISETCS Oojee YHUBEPCAIBLHOW, MPUTOAHON it aHamm3a mpu obeix CKK, To Oymem B
JAFHEHIIIEM UCTIONIB30BaTh €¢, T.¢. MoJaraTh

2 6

pa ()= pa(n) = T K(K =2 +=(K ~1fK - 2K -3) ©)
ITony4eHHBIE COOTHOLICHHS.
1. Tlomyyena ¢popmyna pacyera
E, 1 S
(LaRaMaKay)_—_(LaRaMaKay)1 (7)
Ny, 2log, R N
rae:
E;
* ——— - OTHOLICHWE SHEPTrHM NPHUXOAAIIECHCS Ha OMT K HKBUBAJIEHTHOW CIIEKTPaJbHOW IIOTHOCTH IIyMa.
03

Jnst rayccoBCKOW ammpokcuManu (B MEpBOM MPUOMMKEHUM CIPABEJIMBOW Ui HAILETro CIIydasi)
otHOIIeHHE (1) OTHO3HAYHO MEPECUNTHIBACTCS B BEPOSITHOCTD OIIHOKH.
e M - makcuManbHOE KONMYECTBO OJHOBPEMEHHO U3JIyYaeMbIX C LIEHTPaIbHON (aGOHEHTCKOMN) CTAHIUMU TIap

2L

IICII, nnsa uentpanbHoi cranmuun M = ? , a 1ns abonenrckoit M < — .

e K -toxe,utous(5), K<M.

1_ A 2 y y y
*  — - xooddumment 3amaca, — =——, rne MA[ cooTseTcTBYeT MaKCHMAITBHOI CpeIHel H3TydaeMoii co
y M4,
cTanHIuu MomHOCTH. Kak ciefyer m3 ompejenenus kodhduIMeHTa 3amaca —, C €ro yBeIMYeHHEeM 30Ha

muHeHOCTH YM pacmmpsiercsi. COOTBETCTBEHHO MpH (DUKCHPOBAHHON CpeaHeld M3IydaeMON MOIITHOCTH

E;

MA? nomxuo pacty otHOmCHNE
02
B (7) mapamerpst L u R mnonnocteio ompexensior ucnombiyemyio CKK. IMapamerp M mna
IEHTPANbHOM CTAaHIMK OJHO3HAYHO OINpENENAeTcs W3 MO3UIMOHHOCTM K, a i aOOHEHTCKOH — MOKeT
BapbUPOBAThCS B 3aBUCHMOCTH OT TpeOyeMOH MaKCHMAlbHOH CKOPOCTH Tepelaud JaHHBIX i aOOHEHTa.
IMapamerp K mo3Bonser Hccnea0BaTh 3aBUCUMOCTD KauecTBa KaHAJa Iepeladl JaHHEIX OT Tpaduka.
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F 04 — M A yll
2. W3 (7) noiay4eHo COOTHOIICHHE = , (8
e My, (M)
rue:
e OtHoOIICHUE XapaKTepu3yeT CHIKeHUE TpeboBaHWe K JTUHEWHOCTH YM abOHEHTCKOW CTAHIUH IO
0y
. E,; 9 .
CpaBHEHHIO K YM LEHTpalbHON Ui 33JaHHOTO 3HAYEHHS . Cumwxenue TpeOOBaHM K JTMHEWHOCTH
09

3. U3 (7) momydeHO COOTHOIIEHHE —— =

rac:

MOJIHOM 3arpys3ke Ha IIeHTpaJ'ILHOﬁ CTaHUWU BBIIOJHACTCA YCIOBUC

YM mnpoucxXomuT W3-3a YMEHBIIEHWsS MaKCHMaJbHOTO 4YHCIa ogHoBpeMeHHO wu3inydaembx IICIT nHa
A0OHEHTCKOW CTaHIIMH TT0 CPABHEHUIO K IICHTPATLHOM;
uHAeKC "A" COOTBETCTBYeT aOOHEHTCKOM cTaHIuy, a "[1" — meHTpabHOM.

E, _ y(m)

2L

P 9
©  2Mlog, v

E; . . .
—— - OTHOUICHUS M3Ty4aeMON YHEPTUN MPUXOAAIINIACSA Ha OUT WHPOPMALNU K YPOBHIO OJHOACIINOCITEHON
0

komrpeccun. Popmysa (9) mMo3BoISLET U3 ypaBHEHHS AANBHOCTU [4] paccUMTaTh MAaKCUMAIIBHYIO IaJbHOCTD

E;

CBs3H JJIA 3aJaHHOI'O 3HAYCHHUS PO n
00

IIpumep yKC/IEHHOT0 aHANIHN3A.
IIpu amamme 6bima 3amaHa 6asza IICIT L =128 . HauamsHoe 3mHauenme R =4 . ITomaramoch, 9To TpH

E
° >2006 O wus (7) y<0.46. 310

00

MO3BOJIMIIO, TIONB3YSCh [4] ¥ 3Has IpelenbHbIe XapaKTepUCTHKH YM, paccuuTath MaKCHMAaJbHYIO JalbHOCTh CBSI3H
pasnyto 30 . Tlo (8) 6buM paccumTansl TpeboBanus Ha YM aGonenTckux cranumii (puc. 1). Taxke u3 (9) ObL1
OLICHEH OTHOCHUTENBHBIM BBIMTPHINI B JaJbHOCTH CBSI3H NpH yBennueHun nosunuoHnocti CKK (puc. 2).

PV
POI[

ab -

E,(R)

E.(R=4
=9

Puc.1. TpeboBaHus Ha ogHoAeLMbenbHy0
KOMMpeccuio aBOHEHTCKMUX CTaHLMI No
OTHOLLIEHUIO K LEEHTPArbHOW B 32aBUCUMOCTU
oT yncna ucnonbayembix nap MCIM Ha

a60HeHTCKoﬁ7aHumm npu

R=4 7, =2005; L=128

0 2‘0 4‘0 E‘O 8‘0 1l‘)0 1‘20 140
Puc.2. OTHocuTenbHoe yBenuyeHne
3HEeprnn NpuxoasLlencs Ha 6ut npu
yBenuyeHun nosunuymorHHoctn CKK ansa

E,/  —p005 L=128 -

09
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3akjaouenue

[Tonyuennsle B pabore (HopMyIbl MO3BOJISIIOT IyTeM BbIOOpa coorBeTcTBylomeii CKK HaiiTi xoMmpomuce
MEXIy CHEKTPaIbHON 3((EKTUBHOCTHIO M JTANBHOCTHIO CBSI3H, a TAKXKE ONpPEICINTh TpeOOBaHUs K JIMHEtHOCTH YM
LEHTPAIBLHOM 1 a0OHEHTCKUX CTaHIMWI NP 3aJaHHOM KayecTBe KaHaja.

Ha ocHoBe mpencraBiennsix ¢opmyn Obuia crnpoektupoBana CBY rosoBka mpuemonepenaranka CDMA
CHCTEMBI OECTpOBOJHON Tene(OHHOH CBSI3M, a TaKKe CKOPPEKTHPOBaH psA IIapaMEeTpOB CaMoOil CHCTEMBI.
INomyueHHBIE SKCIIEPIMEHTANIBHBIC JAHHBIE COTTIACYIOTCS C PE3yIbTaTAMU TEOPETHUECKUX HCCIIET0BAHHUM.
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THE WAY SIGNAL-CODE CONSTRUCTION POSITION AFFECTS ORTHOGONAL CDMA SYSTEM
PARAMETERSIN TERMS OF NON-LINEAR TRANSMIT-RECEIVE TRACT
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Introduction:

We can see now, that for multi cannel 3G systems, based on CDMA standard, pseudo noise sequences (PNS)
of higher length (128 or 256 chips) [1] are going to be applied. Such condition causes extra reguirements to power
amplifiers' linearity on central station.

See [2] for typical non-linearity affection to inter-channels interference level analysis. The analysis was
based on group PNS ensemble locking in respect to mostly common signal-code construction (SCC) when FM-2
modulation signal of every quadrature is assigned to one information channel. In this case, CDMA system transmitter
radiates synchronized sum of orthogonal phase manipulated signals in accordance with transmitted via separate
channels information.

In the analysis [2] we propose the ways to reduce non-linear distortion affection to signal/noise ratio, in
particular case, when SCC has lower dynamic range than FM-2 (multi positional SCC). The obvious qualitative
conclusion is that dynamic range reduction causes reduction of the requirements to receive-transmit tract linearity or
allows connection distance increasing in case of fixed tract’s linearity.

The present work continues analysis [2] and dedicated to quantitative analysis of SCC position affection to
such parameters of the system as communication distance, spectral efficiency, receive parameters. The analysis is
made for typical kind of non-linearity (cube non-linearity), where non-linearity is set by 1 dB compression P, , what
makes the ratios more comfortable for engineer calculations.

Focused SCC:
The considered in this work SCCs have multi-positional construction. Every informational channel has the

R
set of E orthogonal PNS of extra FM—2 manipulation. For the active channel at every time frame there are couple of

PNS — one PNS per quadrature. In this case 2log, R of information is transmitted. Maximum number of
simultaneoudly radiated PNS couples at central stationiis:

2L
M=—,
R
where L —base of PNS. From (1) follows that the summarized information H transmitted via entire channels equals
to:
4Llog, R
H= g2

R
So, it is easy to notice, that R positions’ humber increasing leads to radiated signal’s dynamic range reduction
but also reduces spectral efficiency of the system. So, for cellular and pica cellular systems it seems not reasonable to
pick R >4 position. But for reley lines and satellite systems (where long distances are needed and receive-transmit
tract is clearly non-linear one), such approach might reduce costs substantially.

The Results:
In the result of completed work we have got the following ratios:

E
1 I A energy per bit to noise’s equivalent spectral density.
00

P,
2. 4 yeflect subscriber station's power amplifier (PA) linearity requirements reduction to central PA for

0y

E;

value. The lower comparing to central station number of simultaneousely radiated PNS casuses requirements’
00
reduction to PA linearity.
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E
3. —Z - radiated energy per bit of information to 1 dB compression level. Formula 3 alows to calculate from
0

E
equation [4] maximum connection distance for set £ and —%_ value.
02
Having the listed above ratios we completed quantitative analysis, where PNS L =128 and initial value is

o

R =4 . In case the equation > 2005 is true for full loading on central station, we applied formula 1 to
09

calculate the requirements to PA linearity. So, using [4] and knowing limit parameters of PA, we were able to

calculate connection distance =30xm . Using formula 2 we have calculated requirements to PA for subscriber

stations. Using formula 3 we have assessed relative gain in connection distance in case of SCC positions increase.

Conclusion.

The given formulas dlows, by SCC sdection, to find compromises between spectral efficiency, connection
distance and define the requirements to linearity of PA on centrd and subscriber station, when the channel’ s quality is set.

Radio unit for WLL CDMA system was developed and number of system's parameters were corrected in
respect to the listed formulas. The experimental data meets the results of theoretical researches.
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