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Abstract: Multi-Cell Joint Channel Estimation ( MC-JCE)/is the pracpeal basis of community collaboration and joint
processing technology; however, the MC-JCE needs Power RelayProfild (PDP) knowledge of all channels remains the same
and gets known. To solve this problem, based on thgecogperative¢ community Orthogonal Frequency Division Multiplexing
(OFDM) system framework, this article first explored "WZth€ exterded multi-cell joint channel estimation ( MC-eJCE) algorithm
of multi-cell channel PDP differences but known €gditions, (andithen put forward modified multi-cell joint channel estimation
(MC-mJCE) algorithm under the condition of\this infewmhation unknown, at the same time to reduce the computational
complexity of algorithm and get minimum Mean Squdre Error ( MSE) of channel estimation. This article used optimal pilot set
design of comb pilot to finally derive Cramer-Ragbound of MC-JCE algorithm. The simulation shows the MC-eJCE and MC-
mJCE algorithms have good performance of\MSE’under the conditions of multi-cell channel PDP differences, and Space-

Frequency Block Code (SFBC) encodingfof joint transmission also has a good performance of Bit Errer Rate ( BER) based on

the above algorithm for channel estimafioh.
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W TCER M55 W 4% S e B v I A ik B RN S8R M 0
KWK, 30 T LLIE3TH 43 & H ( Orthogonal Frequency
Division Multiplexing, OFDM ) 2% 3% AR % &4 5% #8 = 1%/P0 4L
(Beyond 3th Generation or 4th Generation, B3G/4G) P& ) &
J&. OFDM B3G/4G HARWEE Hin2MARE N 1 siEiR
H 1 MRS, ATTESRE HN 1 1ML, /N (EF
i (Inter-Cell Interference, ICI) ¥ AS B HE M | KEk
THBR ICT 2, /N X MERC S AL B A 52 B 12 6, HoB
25 SRR Rz 1R 2K [ 45 8% ( backhaul link ) 332, 22 /N X Bl
AR B EME , 225 B HEBCE Z R BHE , AT — MR 2
WA £ % 1 ( Multiple-Input Multiple-Output, MIMO ) X £k &
B, SRR FT R /D KRR A A B T HIHBR R E R
RHERES BMARBRTHRESBE, #B5 T/ XA R,
FHR/DNR NG AR

Y75 B #7:2012-12-03 ;4% = H#H :2013-01-18,

DLZ/IN X M A 0 B R il ) BT G AR 1) AN R B 15 i L B
A PUERRD T PRI AR R S R b 38 B AR TE X i/ X ()
IR A AT B M A B TR G RE T RS 2RIt
AR BORHE FR , SR 30 2045 A 106 2 LA Ll o A0 FHY P o 2 %60
R BARMG AR BRI, R B R F M EMEZ DX AF
B TFRASE LM G M EEER , Fop/ D XGEEMT—
PSR M &R /N X T PRARAE % AT 400 1) B HE T P SR M
Pk AN PR 75 v =B = 7 A e 2 - G = - B =
FER. BYINAT RN EZ R P EEMITTRBEEES T
(Joint Channel Estimation, JCE) , 3T £ /NX LB Hl
AR T 40 /D X T B E B R AT R TE AT,
FMFEL /X R AT RAFI M RED 7 . Hsp ek (5] 4
MR RS MR RRE T 2/0X JCE Bk, HAH %
BATH —FRFAT ZEMR, HidE X £ 5 XA (Muli-
branch system) , XCBK[6 | Z R REME KL R G5 — 3
HESET FFHE LB ZAE S T Ry 3R JCE F3% 3 JCE 2 [A] B

EETE : Vi RIS PR R R AR 55 3 ¥ & BT B H (10NZYZJ08) .

VEE B : PRI (1976 ), B, WNIRIA, SEB0 IR, B0, EEERT S 07 1 - AREAF P4 LM% B (1977 - ) 5, HlRAK A,

BB, EEBIR T RLREE REF LB
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BHEWRR, XBK7] A3 — ST ICE BEAEZ /DX HE
KR R E , B T3 7 R 22 ( Mean Square Error, MSE) £ /Mb
FHARTHIFRE WE R TR, AT JCE KA
TR Z/NRASFIE I RIER1E (Power Delay Profile, PDP) #f
[ B M (AR PDP R e RiR Z R EY BNERE
RHEESh R LA B F RS, FIXR) B &4, (B2 LR
%, g/J\l:EEﬂ: IR RS E PDP A REM ], £
FEERMAY ., ZRETERH T JCE BEELRE /P
FRI5 A iy R R P RE

AICHNERT LR £ /0K JCE Bk Z2/p KA (S B A TT
( Multi-cell Joint Channel Estimation, MC-JCE) HIA 2, B B
P& /MXfEE PDP FAEER HO A4~ MC-ICE My RE
2, E/N KB G FIE TP BB (Multi-Cell extended
Joint Channel Estimation, MC-eJCE) , H¥R 241Z15 B A HI B
RZ/PXEES KM LA EANED CP K BRI MC-JCE
BEHTIEIE, B £ /) KBS 15 B 441 18 15 ¥ (Multi-
Cell modified Joint Channel Estimation, MC-mJCE) & ¥k, A |
PR LER T LUBEVE £ /NX JCE Bk EF £ /DX {518 PDP
FEZFNT BERE

EXFERAFSEXM T [« 1RR/DF » FRKREE,
(o) " b, ()" R E  det(x) Fin x 775K,
Re(x) Fllm(x) 43HIFR x WETFHERR, L, TR N x N K H

ALFERE, || - || R vl - ] MEL -] DRI HER
MG,
1 ReEmA

K JCE B4t OFDM REH A BERX S 17 & T4
ARG AR F A 1 K OFDM MMEZ /MR TRmEN
B INE 1 FiR , N, AS/DEFALTF /MK E) U ARG R
EZ /N FITHER AL REH RS, A/
HIGEREREE N Ny, AP BRWRAEECH Ny TP, £
NKAE PSS/ M FHE MG B AT, FSEuhum

HELZ/NXNEEER XM, R50EAPATHRD . THm
%'J%‘%E%Akﬂiﬁﬂt?jﬂu& E R R GRS

Other Users

1 MBEFETHR 1K OFDM PMEZ /MR Ikt
OFDM R GHRIH 98 Bw = /T (T HRAEFAE) 3@ s
NAST 8B, NEBEAF S 8] T3 (Inter-Symbol Interference,
IST) FEAKEEN Lo MTERET S ( Cyclic Prefix, CP), fTLIEE
/~ OFDM ZFEJM T, = (N + Ly,) T4~ OFDM - fi FI 1
o N, NFRIBEAE A F BT RARER AR 2 ER, B S
A5 55 2 A TR R 3 A
HHF L e S E Bk oy B (Channel Tmpulse
Response, CIR) A J~ X F 7 3k 4 3£ B 51 (Wide-Sense
Stationary-Uncorrelated Scattering, WSSUS) E¥{E 2 & it
B ERFEWEWNES LR E, HEaBhEHES
BTk (8) FISRLANEESR 7, (1) RAE, MFXR® Ny

L-1

h(t,7) = Y ()87 = 7(1) + 1) (1)

Hrrr, (1) B e WZLE AR TIH— RS LR RS
BRI SE , 38 R GL 242 SEAR DR A0 3K A7 B 7E XU E 1> OFDM
RS P13 4E s B PDP R ERE 1, FER (1) 1
7,() WER 750 (1) RE[h()R (1) ] = of FIRMER & #
m A ELh, () hy (0)] = 0 EMEE RHHT LS R, AR
FHRAHC B EL R () R, (¢) ] = 07, (2nf, (2 ")) U £R
BIAHE S, o f, RRRZE Y R, T, () BRFH I 2R

R0 B I RIIRAGE ST RE LN 201 = LA

K n - OFDM HCH1 5 036 b TR T 7
H(n k) = 3 hu(m)exp( - § Skn) (2)

Hop L R EREN i OFDM 55 T3 M

{4/ X S B P (5 118 PDP ARIR) ELE 40, f538 M
Bl L4 15 OFDM S, KIE N, (9 SHEE (p(s)5s = 1,

N UETHRE, = | p(s) | S D36 A N, MR F
BEMEP = {psp, = (s-1) DD, = N/N, ;5 = 1,2,
N} MRS IF S A CP R S, BMEZ/NK PIE
— P u TEBICRL ¢ KDL OFDM 45 2 4R FE L A1 8 1
PSS AT R A

Nps( Vg

33,

=1/
Np\NNT

2 Z ot doi n)FP,LhZ«j,i(n) + qu(n) =

G,.(n)hi(n) + W, (n) (3)

By (n) = (Y. (n,k),Y; (0 k), Y (0 ky )]
4 E N, x 1 Eﬁ@?ﬁgqﬂlﬁ?ﬁﬁxp i (n) =
diagip, ;. (n,1) ,p, ;i (n,2) ;= .pyu ;i (n,N) F RN, x N, 4
BARAERE , B AR R /DX | RIERLK j B P w B4R
/FoSsH;,(n) = [H,(np) Hy(n,py) .,
H; i (nopy ) 1 RN § RGERER AP w BEHORE g IR
o 5T Bk I 7 B 19 15 3E 47 88 i ) ( Channel Frequency
Response, CFR) mi;hi,,’,i(n) = [hi,j,i(n,o),h‘i,,-,i(n,l),
(L —1) T RAERH) CTR [ 8k F, , 2N SO
At 254 ( Fast Fourier Transform, FFT) £5RF[ N, x L4EE B}
R, (s,1) STTEANLF, ], = exp( - 2wk,7/N) (s = 1,2,

(HE, (n) + W (n) =

pr; I = 0313.“3L - 1); Wﬁ*ﬁmmﬁJﬂiE‘Fﬁ%&ﬁ%ﬁ%
Gp,u(n) = [Xp,u,l,l(n‘)Fp,Ly > Xp,u,NT,l(n‘)Fp,Ls
Xp,u,,l,NB_\.(n)Fp,L! Tty Xp,uNTNB (n)F L] Qﬁfﬁ:N X N NiL; 3 B

ﬁi CIR [ & h"(n) = [, () ki ()
L Vs (), TN (n)]Tﬁﬁfﬁ:ijiNLxl,‘Vz’u(n)
TENF x1 ﬁﬁ%ﬁ%ﬁﬁl@jﬂ oy, EIER R R i,
B R4t PDP REFERE , :0(3) B9 n AR o[RSk 05 B2

RAMEET uwFlq,(3) WBEN:
Y, =Gh+W, (4)

2 ZANREReFHEEITNYT RER

2.1 MC-JCE ¥ RIEEH %

EERTLZ/NXIFER PDP A HE WM& 452 L
(4) ,BHFEEH B/ DT RIRE B L <N, W Np Ny L <
N, B, T8 (4) BYF/N 3 (Least Square,LS) f:

k= (G'G,)"'GY, (5)

SRTAEZS /D XIS, PR B8 A1 B AR 4/ X B v 3 A
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F{&iEE PDP ASEaAHRE" , B A& s ) R o (615 38
BB A L, 3 DM IS (750 = 0,1, ,L-1,i = 1,2,
<+ Ny, | FR ARG B /2 (538 PDP AR IR T [ 345 20 A
J16] PDP 72762 5 i 4 1, IR AHB{ S OFDM 248 CP K JE Ly
BRI Ly = max{7{” | (i = 1,2, ,N,) JUFEC 51 E3ik
PDP {5 81, K (3) ATE R

Nps Nt

Y, = 2 zxp.j,in,L,ihl,j,i +W, = Gplhl +W, (6)
= =

HAF, AW KN, x L; 4@ B 2R 5 (s, 1) 0
?ﬂi][FP’L‘i]” = exp( - 2wk, /N) (s = 1,2,---,N,31 =0,
1,,L-15i= 1,23"',N3¢-) 5 hl,j,i = [hl,j,i(o) ’hl,j,i(l) PR
hy (L =1) 17 /N i Kk RER j I 1] CIR i) 2 AR
Eﬁkgjﬁﬁ%&&ﬁ%ﬁ GF1 = [Xp,l,le,L,l [ ’Xp,NT,l (n)Fp,L,1 s
0. SRR LA P ’Xp,NT.NB.;Fp,L,NBs] J Y E N, X NpN.L, X
FEEIA AR B /N X518 PDP 2 22 R4 T (R I8 Al 1T LS f#

k, = (G3G,)'GLY, (7)

WHRIEAIUWEZ /DX JCE B IELE /DX PDP AR &4 T
WP A RIRA MC-eJCE,

FESLBR 8 W A&/ X B E A P RS E PDP {5 BoRA
T ELARREREA KA, TR ) 25 /0 XA 8 o Rl Sk B A i
i CPREMMBBLEN Ly = max{ri2} (i = 1,2, Np,) AF
X2 /MK JCE BEHTBIE, X (7) A#E-PUER:

Nps Nt

Y, = 2 ZXIN/'JFELCPhL/J +W, =G,h, +W, (8)

HHpoF, o, 7N, x Lo, JEfF B A BA R, 55 (s,0) TTRR
[F, 1] = exp( - Rukl/N)(s = 1,2, N, - 151 $0,
"'yLCP - 1) ;hz,j,i = [h2,j,i(0) shz,j,i(l) y"'yhz,j,i(LCP ) 1) ]T
JB/PNIK § RIERE jFIUR P IR CIR [ 5 SR NG BOE R
Gp2 = [Xp,l,le,ch 2 :Xp,NT,le,ch 2 !Xp,l,NBst,LCP!“. s
Xp.NT.NB.;quch] JHEE N, x Ny NyLep o[BI R Ny Ny LINS N, ing
W#33(8) B4 CIR [ & b, K LS fhit:

h, = (G3G,) "Gy, (9

ZHBETEE MCJCE HEREERE, milA
MC-mJCE,

H13(5) , Z/hX JCE H % B 15IE B Sk A T B MSE
ARRN

MSE,

2
_ 1 P 29 _ _Ou
- NBJ_NTLE[ e -m]"] = NN L

[ (GIG,)™]

(10)

M_E & MC-eJCE 1l MC-mJCE 28 315 8 8l sk 453
MSE B FI3(10) MR EE R LIAFEEGR BB AR Uk
[11], RHR(GIG,) ™ = Iy, v/ (N,E,) AT AR/
MSE {6 ol/(N,E), W B & (5) WK b =
I yuGlY,/(NE) W KERTBEELE,

B2 BBt —2RBR T A MCJCE BEM ik
MC-eJCE #1 MC-mJCE By Z B W X AR R HPMELS /D
X || PDP {5 8 — 30 H #: i om s o O H 8, F LA MC-JCE
BB L /DR RS E R AT A, R (5); 2/MKIE
PDP 5 BAF7E £ R A B B0R B R 5 B it , 732 H] MC-eJCE
BARE A, R (7) ;T2 /X 6 PDP {5 BEEER
BEWomRmer, MER CPRKERFRBRZFEL, B
MC-mJCEH LR B E B A, X (9). I, MC-m]CE
BEMAGFREF LR BN,

£ /NXPDPEE

ZRH T AIPDPIE T

A BACPE RS

/NXPDPIE R
% /NXPDP{E B —%7
MC-mJCE&E

i3
[ EMC-ICEE#: | [ MC-eICEEHE |
I ]

R
&2 PMEZ/DNXIAE MC-JCE BE:MASERELR
2.2 MEZDR SR
K A (GUG) ™ = Ty /(NE,) , 40 F P TR
[12] ¥, RAELZTUFF) Chu FF°! Bit-S45
AR | ERGERE, FORSIERT N {p(s) s = 1,2,
N PR N, 1 Chu J751 e(s) IR FH , 1
JEPERT
oy = [PPOTES ),  pi
exp(jwily - 1)s/N,), N, HEFE

W= 1,2,,N, (11)
HEWA N R,
2 ANFTN,/(Ny « Np,) 1, WIERES § RIERER j W FHUTFH
JHEON B
pj’i(s) =A-c(s) ~exp(P2mws - A((i - 1)N; +
(J-1))/N,) (12)

Heb A RSP SIRIE, A = JE, ;i = 1,2, Ny, TR/
X/ HEWRG:7 = 1,2, N RRRERLEF S5 = 1,2,
<o N, RRFHFSEI .

Chu fF3 B A EIEAZE JE3 B MCHE SR R P30
SEEM, U L SBTHE B Chu J3 5] iR, FI A
(12) 1 exp(jo) BT 5EAN [R] Rl 1 326 KR ER B3 B AR 6L TE.
32, X FER AR LS R A, FE4R 45 e /IM1 MSE BB 1) [) B
HifsRE R mE - SR EBEEERERE
2.3  Cramer-Rao &

Cramer-Rao 45 tH T ARl 117 289 F B, LAE I 184
TERASE, TSR JCE BRAEM TR 2D
BL( Cramer-Rao Bound, CRB) ™! {531) £/ NX JCE B3 K4,

MESEEE b = by + jh,, SEBHEE ¢ = [hy,
By 1T ARIER(4) , W R N, x 1 4 AE25 B o6 41 ( Probability
Density Function, PDF) 2 W ~ CN(0,C), IR )\ E &5 4y
RN &, H C = o2, A

Y, ~ CN(G,h,C) (13)
BRLLu(h) = G, C(h) = C = &1, MGREAN o FH
frEBUAR SR Y, B PDF .

p(Yp30) = exp(— (Y, —p(h))"C(h)™

1

w'Pdet(C(h))
_ 1

(Y, ~u(h))) = det(C)

Gph)HC'l(YP -G,h)) (14)
B—E“H: FlSheI‘ {EJE&%EFZE I( ¢) ij %%/ﬁ:\‘%]:

exp( - (¥, -
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(1)1, = o[ 22Tl SpTie) | as)
3 ¢; d @;
* qn"’h‘(.f;%;") SR o B | A RIS U
Re(G'G,) -Im(G)G
K = 2[NG G GG (16)
«tlm(G;G,) Re(G,G,)
BFLL
2F, .
[H(e)],, = {ai/zvp’ P (17)
0, Hil

W h HESHE R, HEERECY L JCE fiTm & &,

%
crB(h) = 31N, - Vi (18)
MSEe, = iy ELIB =B ] = CRE(R)  (19)

3 WELN

W ERIE TR IMES /DR G F B TR R
B,

OFDM RS S8 F: 3 f, = 2.2 GHz, # 5§ Bw =
1/T =5 MHz, B FHIEN =512,CP KE L, =32, &N =
50 4~ OFDM 5, & Gt % HI b iR 2 90 A, S 40 7 B8
N, =128, S [ER D, =4,

PMEZ /DX RGMRBNK BN, =2, 8/ X BE , B
WRLE R No, Al P EREE N, =20 RGN UMEIEIEL
AT 2= $ 15 ( Space-Frequency Block Code, SFB&YZmiL,
QPSK i,

fRIE R 3GPP SCM Casell {58 A2 S Sk .
AEBRRERFEH RS /DREEREAF L6045/
X{51 PDP p £ 2 LR FE K0, -1, -9, €W, - 15,
-201dB, /MR EZRARAIBTE0,2 510 1 ns X [H ) 5 4370
I ZESR, U PDP SE7E MM EREE,
P EIEER v =30 km/h,

HSIFF SRR E, , ST EHRIR Rk KERBIN, M E KL
FG A R EHZIT—1K, Eb/NO LN (N, + E,) /o7 o H
MSE #1215 2 ( Bit Errer Rate, BER) 5455 88 k68, H
H MSE zE Xan(19) .

&3 REMEZ /X JCE B R RF LR MSE $E88 e
B0 ATLVER, YA mC A K 2 /NX(51E PDP %5
{5 B 538 £ 712 12 B MC-eJCE 1 MSE 1 8B il 42 1 CRB
AYE, AR AR R TR . R, MC-nJCE i F7EfFE
flitrh Ll CP KEFE BB RN £ /DX EE PDP 5, &
RBRREAL T BIL R AL, (BB ¥ MSE HEFEAH LL MC-eJCE F1
CRB RHAH —EHE

B4 F0E S W o351 05 B BME/N X R GEAE I i 435 R 28
RIERLFNW RZIE KL AR F H: (8] BER HERERIX HF AL
Forp IR 4 BER A K %, MC-eJCE B M1 £ /NEKEH A9 PDP
ERERFLTHBER M RAGZE HMBEFERSER
AT ATIRIS A B AR BER Y RERT LB ALA R /DAY 2= 8E; MC-mJCE
AR L ERARMRE AR T 19 BER P REINA — & 28, (B
ZIER/NAV AR ., XAIEH T MC-mJCE EH R 2%
ML AN E LT ELRE AT RE RN, &S5 NExR
£ /R BRI R R R AT MC-eJCE Hl MC-m]JCE 53541

XV R SE R PRI A B R XREE N Z /DK P
YERIZ Rk s> 46 J SFBC 43 25 T B Om Sl (5 5 15 18
LRI FR T, Eb/NO Sy 10 dB B RETRFGEEIX 10 LT,
{RHE Eb/NO 3§ 1, 238 BhA5 A% B 7 75 S BOR G bk RE o BL Al
BB o
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MSE
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——-MC-mJCE
-+MC-eJCE
-0—-CRB
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&3 HMEZ/X JCE Bk BB LM MSE M REXT L
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WS HME /DX B0 BT R 45 550 BER HEAEA [L

Bl 6 i B MES /N X Hulh B KL 2 T MC-mJCE B 3k
i) SFBC Bk& 155 R A3 AP AR 8 33 B v =30 km/h F0
v =120 km/h B3R 258 B35 O B ARVERE 1B B0 , A AT I
ZPMEFRSE BER YEREXTH PR FIRS 3l B F A BUR, B &
TULJICEBERNIMEREXN ARBIEEZH AR A
A R E A

- AN EE30km/h
—— BEN A 120km/h

s
079 4 6 8 10 12 14 16 18 20

[Eb/NOY/dB
E6 ANEMshsE MC-mJCE 3: BER $#EEEXT L
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