2013458
May 2013

it B O#l I ®#

Computer Engineering

$39% HES5H
Vol.39 No.5

NEHS: 1000—3428(2013)05—0301—04 XERFRIRTE: A PESHS: TP393

* FERAREIREA -

y > \IA /2. “rh\ _%.\" > 30 | M
AT E4F6 6 KME A E%
PR, TH#IK, ERA, v B, B&ER

(EHR¥ELRENRKES ZRAERESLEE, LF 201203)
W OE: BT 2R A R TR GBS MESHIT RS, SN TAES, MIBTES 2
BB S &, KT = 13 MBS b, 68 AN & NoC B &5k 2 foy 207 4% s, JoBls
R TAE, AP RAE R SIMD S itk PET AL R B S A& AT 4 R,
AR B AL TR ATIA B 678 Mb/s BYFREEK .
R BN SACEEES; KBS BEE; ITHE; SRR

Design of Channel Estimator for Long Term Evolution
Based on Multi-core Platform

HE Mao-fei, YU Xue-qiu, ZHANG Jia-jie, YU Zheng, YU Zhi-yi
(State Key Laboratory of ASIC and System, Fudan University, Shanghai 201203, China)

[ Abstract] This paper presents a channel estimator based on multi-core platform for Long Term Evolution(LTE) downlink. This
design partitions task into various sub tasks, and then maps subtasks onto 13 different cores by the relative inter-core communication
traffic. The integration usage of shared memory and NoC message transfer are 2 ways for inter-core communication, as to realize
multi-core collaborative work. By using the extended register file, SIMD data path characteristics and balanced single core
computation load. Performance analysis result shows that this channel estimator can achieve a throughput of 678 Mb/s.

[ Key words] channel estimator; multi-core processor; Long Term Evolution(LTE); inter-core communication; parallel

computation; multi-core memory access strategy
DOI: 10.3969/j.issn.1000-3428.2013.05.067

1 B

TCGBAE G, R G EOR . WIMAX 56
LEAMPE, 3GPP HA LR T 3G KM (Long Term
Evolution, LTE)!" 3 {7 br kit &  LTE H#i €% N 4G
EfEpRE, fREASTHEE LTE (3432 S R ik
Z—o fRIEAG V85 % 4R O % (Application Specific
Integrated Circuit, ASIC)y 25 1% &b B4 1 W 55 45 5 o S 91
Ji R 451 ASIC 9287 R HAT AR BV SR 3%,
ERRBA RV R REEZE SRR REA R .
R AL A5 b A SR T B IR, R BT A
HER AR PR B0V 07 ¥ H A2 2 B

ARSI B R BB RIF R AR

SR, MY ASIC AR . $FI RSB EEE,
HBK T BLAR ) PRI T Atk S 5 R A H
BRENAEEREAD . AR T —MBEHT LTE FfT
BERE M fE EAG V3 BRI . B RSS2 R
AR Rk T AT, AT AR ARG, PhFE S
ZHMBFEER R, HEABHSIE W EERY0E
fEPLHI R R e

2 BRERSUFAERN

LTE ZGkEh & T RS HES, BT
SHEEG T EEENA RAMER. MIE ML,
FET G000 0 7 8 A5 T R A T — I R IR, B
KT RGN AE BRI TRE T

HEWHE : HRAABAIEE T BIBIH (61103008); FEKBHEE KL WA B H (20112X03003-003-03); _E#F iRt 4R Ak
WL o S 9 B T H (10706200300) 5 -3 T 75 47 B W12 TRl 288 B 35 H (11QA 1400500)
EZERA: PUXCA987—), F, BILAFSEA, EUTH: BLEME; TR KRR 0 B, WL BUSaE, RIvE

Fi 5

BRI 2012-07-12 £ EH#: 2012-08-08

E-mail: 10210720061 @fudan.edu.cn



302 o

L #&

201345 H15H

BT SHMEEMG LA RN ZRAG %
QAL G R WRSRE LRE, B
AN Z A — B T A5 T S AR 5 Ak A £ 1 A S
JSE, T e A 20 20 8 0 A T B TR AL R
H £ T AT SO B A o RN T AR RIS LA, Lk Ah
AW AR ERAG RRAHERERDFMA, HAER
AR AR MR B2 I | BB T R A 3 KA AN
FH DRI RMRE, ZWHHMWA 130 Hz, WRAFBER
PRI A PR T, Lt 8 D 478 0 090 1 £ R L 1R M 1 0
Hr, BREGRITETHAM 2 M. AW LEE,
e 240 0 30 A L R A 3 M A B L H £ A 9 B
E AL R AR 3 MAEEARKRE . ASOR B
Ji 160 b 4 08 35 £ V-5 I S T B A A B
B AT RS  AE AR DA VB9 D8 DA B A
HWHEEREZ WA B

107!

—— — YL PR IR I SR SRR T
—>— YEANIR IR AR TR L P R
—o——HRAEAN IR AR A

TR
=)
T

107 | | | |
s 10 15 20 28 3C
{5 /dB

B1 ETUfEE FEMEERGRE

AR SCAR T AL V2 0 S DR AR R R R G5 M 16 4%
KRS A T AL P A SR T AT S N A I )
WA ARG TS W% E S 7 RS A T
WA RE L o

SHFAM N 2 AN EERE, BMENK 8 A
WEBRTHA B MG R AR, B
WA ES, A BRI A A UK 3 5 00 3 =2 0 7 95 )
RS, 5P BEES A% 2 () o 452 P9 17 0] DL SC B e g
MEE. BB ERIEEEERERE T — A H
#, PIAME MBS EERE— 158K NoC(Network on
Chip) W%, A EE W s NoC W& T M. RE
B A AL B FF R SR A T RIS RE L T, PR
B 0 DARRL A A% 22 1) B R X o B A B RN IR B A R
8 5 L o

EHFAME KRR ERE THEE R PR
WEMEERR, WO TRERAGEEER P ORE, ik
TR PRI A P R A, RN R T H
. FRAMTERE ST RN a8
Z VDL E YIS V)4 S 0 4 2 R N B
WBAEF TG E, 50 R B 2 17 25 HE SR 38 7T DL R H

FAH R AT AR
ZHFA WA — AR SIMD $¥s i i 45
M, F—#%BA UL ES X BT, X5H&ERE M
FA P Bl 0 % 25 A 8 VAL B B 16 L AL 5 K A8 B o
ST R T I S R 0 A A TE A T AR ST b g
12 i B M % Ak AR PRA

3 (REMATHSR S BS

T MIMO 22 {538, KA 2 X%, 2R
Wzl 2 BIESH. RS 1 BETRSS 2 BHETR
Z AR R R, AR 2 B R
ABLATE] 2 IR, XA R R ¥ 2
f BT, SR TMA I AR 0 o 10 A T 5% i St ok 7
AR, THARENPROLALRE.

31 B FAhit AR LS)

B/ AR BAMEE MG 1 P FIHZK
EIMW 2 BESHER 242 EE SN REGSEHETLH
{5 JE S0 B H 5 (G, )

Hys(, j, k) =Y (0, j, k) R(, k)

o, YRR S RBUNAE; R ASHES; i A
OFDM #5455 j BT84 55 k A THER 5.

AT I RN R+ 3 AAL i 3 A0S I3 3
1 NoC W4 teid 2K 2 AL AR A% 1 AL B4R 45 2
H ?ﬁ%$¢ ks, LS HRE—HURPHE
BT — AR5 IR I IRAE LS , A A C R AT

%/J\:%ﬂi‘ﬁr%% wangemin arsmis

— Ml
e FIFO
TN

ﬁ‘f?ﬁ%%

I
l
I
=

AbFER WPLERFR2 | #pHFIFO

Bl |

B2 fREfh SRR ~EE

32 BB AEES

R BAFAE S Z S R, AR B A
&R0 6 AMIFATRBHIT, oW E 6 Mz L.
B DL AR BRI UE e REOR AL H, TORAE AL B
e 568 B e 7 BRI W A A7 R SR b AR
HREEL, BHEEER PR, LR 7
TR YR A7 A, XA RE AR 7 L A7
KW RE, KEHAD TIHRANFRE, 3= T4
BRLESRE R AR o 456 Y 40 0 35 40 L 4 AL T OO0 o £ v
KREMBEMEAE, HEA0IE DI 5 2R E N AT
R H M A% AT A



H39% S

POKT®, TR, SRR, & BT EHCTE MR EEA TS0 303

33 REEBIPFHES

FERN 53 FAES5 I, T BETE0 5 B 2 ) AT 5% 1 o
DA L 08 A 145 A ), I 30 0 R - a8 A £
GAEBEAR AR E, Wik, Bt 2 B
i AL B R A AR A T 3 A ARG W 3 o,
BAML PR 3 AL B S B b — R AE S

— EEZ AR —
B2 l ! B 22
LT ]|y ee——
(A | BRCEIR)
| |
|
————— e
gy | SOER) | [ECLAEE) | iy
T3 | . R
_____ AR R >
Bz | :iﬁ(lﬂ’?tﬁ)
S fita

B3 BAIEYHERS R E R BB

A T3 A 0 P B T A A A B R T 9 S A
B0 T AN TR Ay G M 8 98 47 1L 4% 5 4 290 966 B 4% =2 ) JE A
FRFKLEH, A% AR B A BE LSRR T SR R R AR
Pl i BB EAAERS D 3 AR & A7
AN A0 PR AT DA R g 5 B L — B AR
o W 3 PR, RMERMESAEDTIEFHERR 2 R
EA RIS P B )G, SLAE I NoC W 4 K 34 F
SIS HI UE MR, RN T I A A
B3 MR C LR, AR AT 5 % A 4 o
WCEN Rl A )5, 4 4008 AR ML &5 4 Bl B BN L
TSI 3, MiAET —JOBF b, G E & 0K 3G
HEDIH B LA | RIEEAR AR 2.
34 EFEFKEEN

BAMGEATSRUS A 3ATFES, BAITFESZ
] DA K & 0 07 AT TAE . R IRIE sh i, b3S
A—BUEREI I, FOKEATHE )G, AP EE AL T 1
i TR WIBERMLA B SH TR, B—RFE
FRR A BAIATAES, P A Ab BEAS Y T S
B, DU S BT 55 PR 1 2 R S 46 R B A K
LI ERCRME LB K 4 TAEE, Bobh ZRfh
VHaSOM A JEM A% ZE AR T35 B A, B R AR

»

A
H4 FEFHRKEITERER

255 47K
A

AR AR

R &I R

Bl 4 ffid TREAMG I RRR RS b AT S
— BT ERIRRET, R/ RGBT
TR, 5eM—A OFDM ¥ 5 Wb )G, RIEFB1E S
A0 2 29 08 95 A 4 T AE B AL B AR A%, S L Hh L o
BAF o JEAIE B A e WCEDE A5 B AERK & E—FF
A5, BPER/N ZofeAh T 45 AL PR B ) 45 SRR B4k Sehb
BUE 5, 5 AME I AE B 52— 4 OFDM 4§ 5 Wy A2,
Joik RS, AR RS SIT R R — A
OFDM £§5 o 4438 3 1 4% 5 2 1 8 e A 8L 45 11 W) 2
B 7 2 RSt E08 1R) A B AL o

4 PEABITAL

4.1 WEVFREMA

AR S 1A TS ) SIMD Bl i 3 R 17
5 SO DR BE T 38 5 0 A A DO A SRR A 8D U A
K W LATDFEE, R R ST e,
WAV MR T 66.1%, 4KITIE ] SIMD Uil 4
RABACIE , A7V R BT A T 13.9%. T, 4t
MAEEAG A E R, AT 6 B Rk T
AR WA, e R K. it H
SORARTLTi W, FIFIY R 25 A AT AL IR, £ A
VR B AR BRI T 65.9%, 1 SIMD Hodfi il #% i
K B R — BT T 66.2%. FEP A 56 K
T, R b B A T B R T At A B
W, MR TRKTUKLIKCEEE, MmT 2 Mk
WS, BE-FHFLRER 4555 Mbs 7+ 2
52.15 Mb/s, HBITHEBORIRTE T 15%.

1 TR KRR B B AL T B

ULIERY 24 ek % ViR FE G635 R B Bk (Mbs ™)
11 HISRE 108 980 182
11 FHEY R 36 962 301
11 SIMD 21 746 501
13 T A 22 220 678

42 BIEERE R MIEAE 2 A

KBS I ) O E B M 4 TR AL A
T PR AR IX 3 TG 3l o LS % DAAM Y B -39 4 R0 5
I b LB R IA 89%, M IIEAR B 2 SR T 1%
KB G BRI o IXAERT, Mz WAL AR R ALY

BATFAE S5 Z W B A5 2R T N %
(P8 £ 7 Ko TR £ T A R B A TR =N R
A b R I 7 A b PSR IR B S T AR E,
0 5 S ARG ) e A TR £ T R, AR TR S
TR0 B A B A B 2 2 8 A (A T N - Sl
LS Foniie/h Rl vk &% 5 M 0 EANHEAEL A 5 Noh Aot
fE & o



304 woE N TR

201345 H15H

100 — iy - M 3 =R
e e | ] gl |
sl 1 1 R 11N 'H
et 1 18111 N
AL AEE NN NN
s AEEEEENEEENRN
0! [HEENEEEEE. .
Sl || e
= [ EEEEEEEENEN
AEEEEENEEENRN
st AR NN
ob 1 NN N
EEEEEEENEEENR
O I NN

LS My My M. My M: My Ny N

BS fREMENFESSEREN AR

N: Ny N: Ne

4.3 HREX I

W& 2 JULES, RELADR L, BFE2ENEE
k8 & ASIC LT &, (HAER G AR ER L EH
BARMHE . AR S, KX HEEMS T
s AT FIERINEE R 0.65 mW/(Mb-s™), HIXF ASIC f# gt
7 &5 0.43 mW/(Mbs™), BT 50.4%. RETEE
b, 2R RA—ESH, HETEZHNEBMEITEE
T LR, BT DL N A AR A AR, AR AR
RS R HARLZ L

#2 AXEEST RS HB B RIFEN

R F L/ (Mb-s™) HE/mwW
ARG 678 442
SRS MFIEMG 8% 60 26
SCERILOMRE A% 138 448

5 RBER A DSP Bl Ay {7 8 £ v 2 M b, ASCIR
b B £ T A T 28 KRR T T B A, JAE 678 Mb/s.
SCHR[9]R F it B3 % 4 1.2 GHz fi) TMS3200C6455 #h 1,
A B — T W B OB AT RSN 4.6x10°, X R A
254 289 Mb/s.

5 HGRiE

BTN FHES & NoC I BIL M4 A MRS
WAE ML, BORTT 8 T 0 4l 15 X 2 BAT Sl R AL I
BLRTE R, AL BEAHRIEE 89%, WTHESH%F
£ 1A% S B8 A0 E (R B DR T R o R AR, R
R % WAL B B B B P R — A EE P A i
255 JIFAT IR RHAT U TR L5 5 FhIFAT R
WY SR EIB T, AR SCHE B RE T 2 0 0045 0 A T 2 B

FEAGEE] T 678 Mb/s, 1576 G i {5 SR AR o

(1]

(2]

(3]

(4]

(3]

(]

(7]

(8]

(9]

[10]

e £ PN
3GPP. TS 36.211 v8.4.0-2008 Evolved Universal Terrestrial
Radio Access——Physical Channels and Modulation[S].
2008.
Haene S, Burg A, Felber N, et al. OFDM Channel
Estimation Algorithm and ASIC Implementation[C]//Proc.
of European Conference on Circuits and Systems for
Communication. Bucharest, Romania: [s. n.], 2008.
Karam L J, Gatherer A. Trends in Multi-core DSP
Platforms[J]. IEEE Signal Processing Magazine, 2009,
26(6): 38-49.
Weng Fanghua, Yin Changchuan, Luo Tao. Channel
Estimation for the Downlink of 3GPP-LTE Systems[C]//
Proc. of the 2nd IEEE International Conference on
Network Infrastructure and Digital Content. [S. 1.]: IEEE
Press, 2010: 1042-1046.
Qin Yang, Hui Bing, Chang Kyung-Hi. Performance and
Complexity Evaluation of Pilot-based Channel Estimation
Algorithms for 3GPP LTE Downlink[C]//Proc. of
International Conference on Ubiquitous and Future
Networks. Jeju Island, Korea: [s. n.], 2010.
mmgE, o W, fRA=. LTE FATEEA %
55031, WAEHAR, 2010, 43(5): 162-167.
Yu Zhiyi, You Kaidi, Xiao Ruijin. An 800 MHz 320 mW
16-core Processor with Message-passing and Shared-
memory Inter-core Communication Mechanisms[C]//Proc.
of International Conference on Solid-state Circuits.
San Francisco, USA: [s. n.], 2012.
Lin Jung-Mao, Yu Hsin-Yi, Wu Yu-Jen. A Power Efficient
Baseband Engine for Multi-user Mobile MIMO-OFDMA
Communications[J]. IEEE Transactions on Circuits and
System, 2010, 57(7): 1779-1792.
2N, B Bk TD-LTE FAT(EEAS V1) DSP SEBL[].
HLPLELA, 2011, 35(7): 44-48.
Boyapati H K, Rajakumar R V, Chakrabarti S. Quantifying
the Improvement in Energy Savings for LTE eNodeB
Baseband System with Technology Scaling and Multi-core
Conference on

Architectures[C]//Proc. of National

Communications. Kharagpur, India: [s. n.], 2012.

Gt BLRE



