DEri=

== 08-33-06-04 F-E213}13]=-4] "08-06 Vol. 33 No. 6

i puA [¢) ’ T ’ [
= o] BL A % o Z Agwx
23 B 5 o) H F

3GPP GERAN Evolution System Employing High Order
Modulation and Turbo Coding: TSC for Channel Estimation

Jong-Hwan Lee*, Eun-Sun Hwang** Associate Members, Byoungjo Choi** Regular Member,
Seung-Hoon Hwang* Lifelong Member, Jongsoo Choi*** Regular Member

fo

ok
=L

E =ieolA= GERAN %18} A|~dle] ZejAlS 355 vleker yAlEB-ES A1l 45 Ak Efeld
A|F2~(Training Sequence Codes, TSC)| A'd 4 455 BERZ BLERS &3l 223lch Ak TSCE Al
2ol Hgato] =4l A A RAYS Felstar 1 AAE elabelA] AR TSCoF Blasle] A
o7} A9 le& EIsldrh mak T AE o] WAIshs ASelA] AdEH A7 (Joint Least Square:

ILS)& AL7 Ad TS ALsials W= v Aas Atk

Key Words : 3GPP, GERAN Evolution, HOM(High order modulation), Turbo coding, TSC, Channel estimation
ABSTRACT

In this paper, the channel estimation performance of proposed TSC (TSC-S) is investigated in terms of the
BER and BLER performances when HSR is considered for GERAN evolution system. The performance is
evaluated by the link level simulation and is compared with the other TSC proposal (TSC-E). Numerical results
show that the performance employing the TSC-S is almost same to that using the TSC-E. In the case of

cochannel interferences, the similar tendency is shown, when joint least square is adopted for channel estimation.
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(Universal Mobile Telecommunication Services)©]|t}
U2 GSM Algle] 38R 1980 -3 ellx
Alzk=]glem, 2000 E7bA] ETSI  (European
Telecommunications Standards Institute) <] SMG
(Special Mobile Group)ell4] Hidslgc}. 54 A&
o] GSM %3} 219> 3GPPE o|3k=]|e] 3GPP
TSG (Technical Specification Group) GERAN
(GSM/EDGE Radio Access Network)ell4] 21883}z
Atk

a9 12 GSMe| Ashdke HolFa gl
GSM H|E$=Zol|*4] Release 97 (Rel’97) FEEol &
sdel Agualel o7 A A wedd
GPRS (General Packet Radio System)X= HEA 5193
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©] HSR-Z 187.5 A% Zo| = 7xlt} ¥, GERAN #1
3} Alzdollx AMgsl= MCS (Modulation and
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EGPRS2-B Frame
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REDHOT B (EGPRS2-B)7} 3Jt}. EGPRS2-A9]
BAE 2= 7|29 GSM/EDGES] HAE T3
o} 2} wjebs] TSCE [6]9] AHJE Legacy TSC
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AksR= TSCE X 1o Yehd ule} 3o] 7|&
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FA AR Aelrh A5l ARzl 919
& WSk Fe Ads o] NE 302 X
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H

o ot I

Chse: b= (1;1,1;2,...,w31) (@)
= (0/167""a'207a17""a‘67a’77"",a157
R S RN

E 1o AAFE A8 Aol 319] Aok TSC-S&=
Case “b”el] wle} AAZE TSCEZA 18 59 72
T2E Zret)h

e ———, 31 bits-——--------———— -
(i1 5 bits
= h |
A B | [ A ] s
)
2 bits

a7 5. Al TSC +x

HS.Rg 0]431= EGPRS-Bel] A& 71553} o)z
TSC 7= 7kdl Algkel TSC-S"¢} efrfell A A
orel TSC-E””% X 13 % 20 YRl
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E 1. TSC-s™

TSC# Samsung "b”
0 |41111441411231 11,4111 11 1 1 1414141 1
| |111111111121111224411 511111, L 11
2 1111141111114 111111111 11111 11
3 |L14 14141014 1 110 1 101 1 1, 1111 1
4 |1111104 114 1 11 11 11001 1 14111, 11,
5 |411L31111 111411 144 14441 L 141 14 1L 1
6 |1111141 1 1410411 L 141 1, L 1 14 1, 11
7 |41 14414 111 14 1 1 1 1414 1444 L

E 2. TSC-EM

TSCH# Ericsson’s binary

0 1-111L1111 1-1-1-1-1-1-1-1 1, 1-1, 1-1-1-1-1, 1, 1-1-1-1 1
-1-1-1,11-1-1, 1, 1 1-1-1-1-1-1, 1-1, 1-1-1, 1-1 1, 1L, 1-1, L, -1 1 1
-L 1 1-1-1-1 1-1-1-1 1, -1 1-1-1, 1-1-1-1-1-1 1, 1, -1, 1-L L L. 1
115.1-1-11111%11%11-1-1-11-1, 1-1-1, 1L, -1 1 1
-L 111111111111 1-1-L 1 1L 1-1-1-1-1-1-1-1 1L L 1
1111111111211 1111%1111-1-11111
-1 1-1-1-1-1-1-1 1-1-1 1-1, 1 1, 1-1-1-1, 1-1-1 1, 1, 1-1-1-1 1-1 1
-1 1-1-1-1-1-1 1-1-1, 1-L 1-1-1-1, 1, 1 1, 1-1-% 1-1-1-1, 1-1-1 1, 1

NN | N B[N

=3

. &s
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GSM/EDGES- H]%£3} GERAN %13} A|2wlellx]
A FAs] flte] 4 waEe] Fl
4¥ TSCE o83k} ol Ad A WA
Penrose-Moor 3§82 o]83l= LS (Lease
Square)A1E- o] ggic). 2 249 A A 1
& 63 3do] A2 FEe} 5317|(Equalizer)ol] ©]
S5t olu] F37]E% RSSE-SOVA (Reduced
State Sequence Estimator - Soft Output Viterbi
Algorithms) & AHg3teith. RSSE-SOVA+= 13} W
Z71e] Aol u}E MLSE (Minimum Least
Square Error)®] Z71%l HALE 7Rk Zlelch
RSSE-SOVAZHE] dojzl Aghd] 4l e R
E337) B8R e A3k v|E Fhew W3t
Ho] B3] slHxick

Antgnna

rlo 2

Soft Symbol to Turbo
t—»|

Prefilter ¥ RSSE-SOVA
Soft Bit Mapping Decoding

i

Channel
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path 0 ‘ sy o P’oSN 2Py ‘
path 1 ‘ iSo | sy | Tys, ‘ Iy | sy sy
path 2 ‘ hysy | s, - }hZSN{ilh‘.rsl\L;'hESNfl ‘
Rx symbol ‘ ‘ Yo | % P | Vs ‘

a2l 7. Fo|de] 3RS Wk TSC AlE-E9] 44 Als

a3 78 34e] ARE 2 seld AL 7
39lS ul, TSC @%—;«s] FAlElE Pe ekl
Holtk. TSCE NSl 4

a —r’\‘l7l°ﬂ E7L3 ‘ﬂr
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= Az de Ad =S fle ARSsHe A
TSC Al8e] 74 N-3+1¢|ck 54 TSC Al&=
o] Foizl W] v vhe}t 2ok

Y= [?/0 Yy Z/Av—;;]T (8
A @ AoE 4 wE v oot o]
e 4 glek

Y=SH+N ©)

o]7]4 (N-2)x3 & s¥& TSC AEES] <& A
olEc) 3x1 HWE] H = o]y Fhola, (N-2)x1
WE] N 2> AWGNel sigdsct wepd kg3 2
o] A (10)e& Yepd & gt

Y% S8 5 L Ty
e I O | 51 S R T
: n2 :
Yn-3 Sy-1 v Ov-3 Ny-3

FAskaat sk deld WE = A 1D 2
o] LSE A-&sfo] T3t

= (s#s)"'s#y (11)
kA slEke= Abslella] ol Ale] AErt B

Ardel] FAell EA3 }t 7B AReA S v
AA =k 27 8 o] AMEAY] AISE User

Signalo]g} dla 7HE vlAlE ok E ARERle] A%
& CCI (Co-Channel Interference) Signalo]2}al dF
ok ARgAlell CCL IS WA= A5 4 9F ¥
sl o2} 2ok

User Signal
F Tail‘ Data A ‘ TSC1 ‘ Data B ‘Tail‘ Guard ‘
CCl Signal
P, TaiI’ Data C ‘ TSC2 ‘ Data D ‘Tail‘ Guard ‘
a2l 8. ccre] =H
Y=S§,H, +S,H, +N (12)

A (12)0l4 s, 3 H 2 ARSARe] TSC AlEt
Holg el s efielxl= gholw, s,9F H,=
CCIe] TSC A2t s Aol ghell ofsf vyeh
oA gholek A} (13)3 2ol Se} HE Aotk

S=[s, S,l, H= [ (13)

1
HJ
Al (13)% olgsle] A (12)F THsH okt

Y=S§,H, +S,H, +N
=S, gz}[erN (14)
=SH+N

g So} HE l~9~fz A (14E A 9
R AL anel Ls A
7% CCI9) Tscoﬂ
gk AHRE o] 8F }04 AP&%}ETH o]
qb ozt CCr=HEe] dold H, 7%=
Aslng  AF 4274  (Joint Least Square,
ILS) 71"jelet B £tk

,®
wﬂ 2

V. AlZ20o|d &d & x| Zn

B AHollMs w2 AFES dlolHE 878
g gnks gl 7AEE (HSR)S AL4s)
EGPRS?- Bellx] TSC-S¢} TSC-ES A-g3}lo]

FAsla AlEHeAS B 1 A% H]ﬂ%}
2} &t} EGPRS2-B 3laFa=el| digk MCS #
3 30 AP 2 =iollxE ME whkale]
16QAM<! DBS-7% 7|52 & 3t}
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T 3. EGPRS2-B 3}k =ql tigt Mcs 2 A58

RLC Raw Data | Data

Block Block kb/s

DBS-12 | 0.98 4 2368 118.4

DBS-11| 091 | 32QAM 4 2176 108.8

DBS-10| 0.72 3 1776 88.8

DBS-9 | 0.71 3 1344 67.2

DBS-8 | 0.60 | 16QAM 2 1184 59.2

DBS-7 | 0.47 2 896 44.8

DBS-6 | 0.63 1 592 29.6

QPSK

DBS-5 | 0.49 1 448 22.4

B 4. Azeoldl w=jole]
Parameter Assumption

Typical Urban (TU)

Channel profile Noise limited scenario

Terminal speed 3 km/h
Frequency band 900MHz
Frequency hopping Ideal
Equalizer RSSE (4x2 SOVA)
Tx pulse shape LGMSK
Rx filter RRC
Simulation length 50,000 radio bloqks per simulation
point
TSC-S and

TSC TSC-E [10],[11]

TS 25212 [13]

Rate Matching

Interleaver Ericsson Interleaver (a=325) [14]
E 4 B el AR slme AEelel

o] Alxdl Fejulgjelcy o] wl 4% Tsc-ssﬂr
TSC-Ex= 3 13} 3 20f 27 vpehlisich A
15 F3lk] Lol vlELS EeH ZHLéoﬂH 5
4 7Fsst vlER z|E wPte] F7190% Rate
Matching -2 378 [13]¢4] HARQE #]-4-
A e A5 A4 siodch gk QlEEME %
T [14]9] AloFE Single Bit Interleavers- /‘]’%
slglon, qlejely slelrlE ao ghome 3255 2
L3tk

I3 92 TSC-S¢} TSC-EE ARgslx LS Ad
22 7S Hedt Aol olakdal Ad =A
(Ideal Channel Estimation)S 7}43}91= w2 BER
2 BLER %55 37 el Zlolch 17 9(a),(b)
Wx 9 39 #3e® DBS-73 A43191S v
—8— BER ¥ BLER 455 vepdl Zolch 19 9
AAE AlEHold Az e TSC-S¢F TSC-E
743k #1513 GERAN A|~l59] Ad 34 A

1r

2 a2 7

ml

604

. 1
N 2072 2074 2076 2078 208
. P

0i 10°
o N
|---DBS-7, Ideal ChEst. a=325 > 3
——DBS-7, LS ChEst.  TSC-S a=325 ™
10* ->-DBS-7, LS ChEst.  TSC-E a=325
18 185 19 195 20 205 21 215 22
SNR(dB)
(a) BER vs. SNR
10"
R
A, 10’
‘\\ 206 2065 207)
2 S B
w10 >
---DBS-7, Ideal ChEst. a=325 = <
——DBS-7, LS ChEst.  TSC-S a=325 ~
3|~ DBS-7, LS ChEst.  TSC-E a=325

1018 18.5 19 19.5 20 20.5 21 215 22
SNR

(dB)
(b) BLER vs. SNR

T2 9. 5 A o] §l= A5 TSC As

5 Aol A9 glrks e WA 5 Ak =
A 34 AsHE P AL 9] 399} vl

X 5= %a‘ ZH‘Q J"é"ﬂ (Co-channel
Interference, CCI) tgt s}2pu|e]olc). oful] A}8x}
Az TSC WEE AAT F (23 82 User
Signal), CCI¢] TSC HZoll:= AREAFe] TSC W39}
g s F=F A Folof gt (1 89
CCI Signal) AFE#} A132] SNRS A3} CCIY

¥ 5. CCI EAF 75 Fehvle]

Parameter Assumption
User SNR 20dB
TSC code number for User Signel #0
Number of CCI 1
TSC code number for Co-channel
#2
Interference
CIR (Carrier-to-Interference Ratio) [Yarlable]
in dB
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"‘~\ 6.45 265 26.55|

---DBS-7, Ideal ChEst. a=325
—DBS-7, LS ChEst.  TSC-S a=325
1g?|=mDBS7. LS ChEst.  TSC-E a=325
22 23 24 25 26 27 28 29 30
CIR(dB)

(a) BER vs. CIR

~~~~~~ \ 249 24.95 2§
HTOR I IO NN M o ?
——-DBS-7, Ideal ChEst. a=325
—DBS-7, LS ChEst.  TSC-S a=325
gl DBS-T. LS ChEst.  TSCE a=325
20 21 22 23 24 25 26 27 28
CIR(dB)

(b) BLER vs. CIR
32 10. $ A 7He] ol A% TSC A%

CIR (Carrier-to-Interference Ratio) Zkoll we} A&
#olde] Axts & 4 glck I3 102 CCIE 17
Ak A 5, ARAke] Al E 20dBE 314
3laL CIR®| F3]of| ul2 AlEdo]d AFelc) o]
X 1 = 3% 204 AM8AF (User Signal)2] TSCell
= TSC #0°.2 &t}slal CCI (CCI Signal)2] TSC
HEE TSC #0272 vt kgl

13 10(a),(b)E CCI7} EAe= 37 olA] TSC-S
¢} TSC-EE °|-&3le] A FA3la, CIRel w&
BER, BLER A5 Z¥ e zev). A A48k
TSC-S¢} TSC-EE A8 A& uf 52| 2]zt 7<)
ek A FAe] ol we] Az} wlasid
BER=10 *°l|4 1dB% Zle|7} vk, BLER=10!
o4 0.7dBRFE-2] A5 *o]E ®alth

v.d E
B =Holx= GERAN %13} A ~Hlofa] A&
£S5 #83 EGPRS2-B 31z Ad A

]

1 TSC-SE Algksly 2 AL Hrsted elr}

ol

o] TSC-E¢} u]|asedc) z1:a}‘ﬂ GERAN©®||4 37
T oz 2 oAd=d Ay sked A<l
DBS-7% X**"hﬁ}d% o TS C Se} TSC-E®] A4
4 Ao A A7t sivks A3E 29k &
H, 5 ZH” ZHCCne] EAshs 7-follw <
#HAAks7|HJoint Least Square)2- 283 749 5+
TSC Ate]e] Aol Aol dxghh= ZE Fals}
ik
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