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ABSTRACT

In this paper, we propose a CP (Cyclic Prefix) detection based SSS (Secondary Synchronization Signal)
detection method for initial cell search in 3GPP LTE (3rd Generation Partnership Project Long Term Evolution)
FDD/TDD (Frequency Division Duplex/Time Division Dupliex) dual mode downlink receiver. In general, a blind
coherent SSS detection method which can detect SSS without CP detection is applied. However, coherent
detection method caused performance degradation by channel compensation error at high speed environment
because it uses estimated CFR (Channel Frequency Response) at PSS (Primary Synchronization Signal), and it
can be more serious problem in TDD mode due to increased distance between PSS and SSS. Also blind
detectionhas the drawback of high computational complexity. Therefore, we proposed a CP type pre-decision
structure with non-coherent SSS detection which has stable operation in high speed channel environments for
3GPP LTE TDD mode as well as FDD mode, and can reduce computational complexity by applying CP
detection before SSS detection. Simulation results show that the proposed method has stable operation for 3GPP
LTE TDD/FDD dual mode downlink receiver in various channel environments.
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E 1. Uplink-downlink configuration

Uplink-downlink PDlink-to-downlink Subframe number
: o tmk-to-downlink

o1 |23 |4a|s]e|7]|8]9
0 5ms Dis|u|uju|Dp|s|ujulu
i 5 ms p|sju|luiDp|p|s |ulu|D
2 5 ms p|s|ulp|p|p|s|u|p|D
3 10 ms D|s|(U|u|U|D|D|D|D|D
4 10 ms D|S|U(U|D|D|D|D|D|D
5 10 ms D|S|U|D|D|D|D|D|D|D
6 5 ms pis|u|lu|u|Dp|s|uUu|Uu|D

Alc}. o714 “D7i= 3183 subframe, “Urs A
3 subframe, 18]3 “S”+= DwPTS (Downlink
Pilot Timeslot), GP (Guard Period), UpPTS
(Uplink  Pilot Timeslot)& E33= special
subframe2 2Jv|glc) #0, #5 subframe™ DwPTS
= A 318FElA transmissiond ¢ FbElw,
special subframe-- 49| HF3-S wsle] # 29}
o] Ak A= 3bek 2= 7he] 73S A3 $)
& 529l GP(Guard Period)® zk=t} o374
TsT basic time unitS 2@1shd 2] ()3} Zo] 1}

Epaict.

T =1/(Af xK), where Af is subcarrier spacing

ey
and X is FFT size
E 2. Configuration of special subframe
Special Normal cyclic prefix Extended cyclic prefix
configuration| DwPTS GP UpPTS DwPTS GP UpPTS
0 3(65727) |10(21936T) 3(76807,) | 82048077
1 9197607,y | 4(8768T.) 8(204807,) | 3(76807)
1(2560T)
2 10(219527)| 3(65767T.) 1(21927.) | 9(230407.) | 2(5120T)
3 11(241447.)| 2(4384T,) 10(256007,)| 1(2560T,)
4 12(26336T)| 1(21927)) 3(7680T,) | 7(179207,)
5 3(65927) | 9(197447)) 8(204807)) | 2(5120T)) | 2(51207)
6 9(197607.) | 3(6576T.) 9(23040T,) | 1(2560T.)
2(4384T))
7 10219527)| 2(43847)
8 11241447)| 121927)
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sequenceS A& waksle] A4tk webs] PSSE
AEFozy Al A8 eele A5 H
3L, SSS &S EdA toms o ZHY AAE &

% gl e,
Start of cell search

Symbol timing detection
Detection of physical layer IDN}
Frequency offset compensation after estimation |

1st step:
PSS detection

P — O — N
I . ‘ CP detection ‘ i
| Sséngeifgi on | Detection of cell ID groupvyy N
| Identify 10ms radio frame timing ‘ |
\ /

e e G G s S G e — — et e e em e e — -
End of cell search
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2.3 Secondary Synchronization Signal

SSSE A ID I2F NJAHE 2 10ms F9] =
A9 el W AEE Q7] A 2™ 33 2ol
A ~H dgjdE o] 7128 6RB (Resource Block,
72 FuksEh ol e, Add didEel aA
o] wto] AFE EL EFF & I=F Tk
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sequencet DC FukpaE AR 63708 b
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0) (1) d(2) d(3) d@) d(S) d(30) DC d(31)

d(56)d(57) d(58) d(59)d(60) d(61)

(0} 50(1) 54(2) 50(28) 54(29) 54(30) $100) 5, (1) s(2) 51(28) 5(29) 5,(30)
~——3]-length—p» ~———3]-length———»

32l 3. SSS Fukpy) ) 1z

A 97e] Fukdas gk 09] ghog s,

7] 3 918 e Ao £0)3e A —.—1:]-
SSS& A3 2709] binary sequence= A} (3)

7t o] tehlim, #0%} #5 subframe 2| bmary

sequence’} A2 w33l ALFoTa, 10ms =T

Ad AAE 2 4 otk

d(2n) = {sé’”": (m)c, (n) %n #0 subframe

5" (m)c, (n)  in #5 subframe
d@n+1)= {s{""))(n)c1 (r)z™ (n) %n #0 subframe &)
58 (W, (n)z™ (n) in #S subframe
A7NA mo, mE A ID 2F N)ell ) AA
X3, n binary sequence?]| indexE 2Jv)dlvd 0<
n<30 ot} =Z s(n)& SSS FTE on)Eh,
c(n), z(n)< scrambling sequenced rlglch
Scrambling sequencet cell search FAollA] 1A
A9} 74 sishet collision d4E Hslr] <lsiA
AREEEP, 2 sequencel] g A4 chEAle ®

3¢l Jehysick
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Cyclic-shift of 0
(0<n<30) (0<7<30) (057325)
55" (i) = §{ (7 + m,)mod 31)
Yy =1-26() | (T +5) = {x(T (T
S () = §((n+ m) mod 31) =IO 6T 5) = (74 D+ x(D)mod 2
¢, (n) = &((n+ N2 ymod 31 _
! Sl "f) y ED=1-230) | (7 +5) = (x(T = 3)+ x(T))mod 2
¢(n)=é((n+ N +3)ymod 31)
2"(n} = 2({n + (m, mod 8)) mod 31) H=1-2x) xTes- \(T: N+ ‘.(,-': Z]Wmodz
2" () = 3((n+(m, mod 8)) mod 31} (D@ )

 Initial conditions : x(0)=0, x(1)=0, x(2)=0, x(3)=0, x(4)=1
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Ad B o]F 9rlEsy] (demultiplexer) ©liA]
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descramble-& & AlZ: 2] (5)¢ 2} o714 1
descramble¥ 4139 index & 2Jv|3ich
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Coherent & 7|2 PSS$Ix|odlA =AH Ad
ARE OIﬁﬁM $Al 151 SSSell HAFsE7] witel,
PSS} $8S9] Aol &3t Ad HAF 277}
SSS % A 43l gale] & 4 gk Ak3d
dl4l FDD 2=2] 7% psSe}t $SS7F elAsE g17)
B Ad HAF 98} A= TDD FoAef
7ko) PSS9} S$SS9] rlElrt Eolkehd mEsolA
Ad w3 =12 Q3 $SS HE: A Azl
A 4 gl

I 55 PSS M Ad o] e
olFolFcte /AP E A%, TDD EEolA olF
A el WE coherent HE AUEEH-E n|ugh
Zloltl, A&7 (60km/h) ©lA= B]FA sidelobe

m-sequence ZolE& Juldh,

SNR=12dB R ad
Max.Doppler freq.=144.44Hz

ER (60kmvh) ~#-ml

g. .

e

s

£ 06 -
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E

S

g 04

2

4

E
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e
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0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Index of my and m:

(a) #1427 (Mobile speed=60km/h)

1 -
SNR=12dB w0
Max.Doppler freq =842.59Hz m

(350knvh) =-ml
0.8

Normalized correlation output

-~ . e
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Index of s and m.
(b) F%EH3 (Mobile speed=350km/h)

% 5. TDD ®=ofi o]§H Eell whE coherent HEF
aEY

7} Zx|ak 7484 (350km/h) olA= PSSt SSS
o] Alaelell 23k Ayd Aol FE A
sidelobe”} 24 F7lske A< & & 4 Sk
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23 A wkrlg 7ukeE 3= non-coherent
A& A s o a%—i F&ale], 7t
B2 dis) A AY e 3T H Edd H
slo] Ho ARAHE AEsh Ho”‘—‘.c’]\:}fsl. Non-
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3%l 7. Cp gl W sss 94

4.1 g2fele AHE =

o8 8& BEljlz §SS 73 A8 vehin,
o] W 8SS FHE Al CP el digt Eelel=
&€ $19 normalfextended CP Zzke] $]x]ellA]
T wle] §88 &S AR o) wale oW
2l 888 A&& o} 3] wlEel Ak 2

Detected

S8 index-0
Notmal CP timing sSS
detection #0 = ]M pe sss
i -
index

Select
PSS detection ¥imio Max.

Detected Amplitude
SSS index-1

S8S
detection #1

Amplmde of
sssm -1

2l 8, Belel= Ss§ AE 7=

42 CP EId M 2Y 3=

a3 9% CP =) A AA 7z sss 7E
e vepdc Bl A FE2e AR sss
elo]ulS <kA] F3k A3lA] sSS REE sk
whdell, CP El] A BA F2E Sss HE olAd
CP &S F3yto=x] HH SSS HEq 53
& 4 glck

118

cp bascd sss
PSS detection poy SSS detection
timing

O3 9. CP B A BA AFE 7=

CP e}l A AA FEo HEsh= CP PE o
FejEe, Azkgddelx CPet OFDM AlE9) Fub
7+ %"43}% g ol2g”. 9 103 7o)
extended CP%} normal CPE & 3& wl, Zhzhe]
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A3t
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T2he] FefR]7] wiiol AdE oz A4fs XA
Zo A O 10 22 ARt A 77kl
A1) A=EE ehiick

11

Ri:Zr'(n+1i)r(n+Ti+N) ®
B =S pn+r,+ N (10

3714 1L extended CP E}o]®, 5+t normal
CP Bl viehlid, L3} Lt 23 10949}
Zro] 7zt CP El]e] AE FF viepdch
*—! 9%} (10)2 )83} extended CP2} normal
PE 7|Fo g T3t Alazhe AHos HFEsie
Al (11)4 7o) CP RA&E Fadth

_Re{R} |[ifM,>M,, then extended CP 0
"7 P |if M, < M, , then normal CP 1y
CP 7|4 CP A& %E OFDM 4

o= CP7} itke AHE °]%?'f}7] - ] ‘iﬂ]%]
Welld AAzks 73l CPp 3E A% 3+
71717F folslrhs Aol otk & %E—r Wb
TDD XEolX Traffic densityS &g 7709
uplink-downlink configuration®ll w2} 313 Y=
subframe®] 7} Alolsltl= EA7} extended CP

Extended
x!CeP T ]

Normal =
o 21l

Normal CP timing(T;) L. PSS timing

32l 10. cp 74K CP A&
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A e 27 A FAE A% P AE 7Pl sSS AFE 7N

2] 7% 3t slotell 6712 OFDM Al&o] At¥vl=
g wesled, sk =zl vellx Ao o AE
Mes 14702 AAstdach o]7S worst case?!
CP % 335 weist 71o2 313 3= subframe
7} 7P 3L uplink-downlink configuration #0
@712] 31 %= subframe) & H-E3i5ich

F 4= CP &S 183 SSS FHE 739 o
ARES H]ﬂfﬂ' Zolck °47V1 Nper= FFT 217,
7Mel CP AEE %ﬂ %ﬂ A 2

Jm

2 7+ CP Esiell that sss zé— # ﬁaﬂok %FP—
2 2#e] FFT 4le] Hask} 3lA]9F CP Els]
A AR Fre # CP E}"‘ T2 &—"a‘ g #st

E 4. CP 73&5 723t $8S 73 729 odilek vl

Algorithm The number of multiplication
N,
Blind detection 2( ;FT log, N, +D+ CJ
2N, (L, +L
o pe +n)
pre-decision +(N;FT log, Nyor + D+ Cj

D=3xNs : number of multiplication for descramble

C=2xNg' : number of multiplication for correlation

V. 3= Al

_h

IJ‘LII

o 2

B AolxE 9k A3 coherent, non-coherent
FAlell o3k SSS A&, CPAES 1= SSS 4

17

Z T2l digt A ¥ ok olE e
ZoAld Fleiv|eiE 3GPP LTE AlAEls 7uke

el
2 X 5o Jehigler, Ae & sl§
Extended TU (Typical Urban) Ad =<l 2183}
AeY'M Coherent &2} 739 pSS2iE] ghis)
A A dFAe] o] Foizl H-9-of, DFT7|4ke] AAH
ol A daelEs Aesid

I3 112 FF 7 SmsellA o)A o w
& coherent®} non-coherent SSS & EHE-Z e}
Wtk #{&e] o)EA FAo|A coheremt HAES
FDD/TDD ®=0] A5 Ae]7} A2l AR, w4
9] o]FA F7ellM= TDD 2= A dsht o
ehtu], shaE Ad S e’k sojele

¥ 5. 7AFE 2oy gelolg

Parameters Value
Center frequency 2.6 GHz
Sampling frequency 1.92 MHz
Bandwidth 1.4 MHz

PSS sequence

ZC sequence

SSS sequence

m-sequence based

PSS, SSS boosting factor

1 (0dB)

CP type

Normal CP

Channel model

Extended TU

Channel estimation method

Ideal, DFT based

Max. Doppler frequency

144.44Hz ( 60km/h)
842.59Hz (350kmvh)

1
09 e
' s
038 e
£ o7 ,"”/
E 0.6 .y
s f‘/(
:- 0.5 ¥ / e Coherent (FDD/Ideal)
£ 04 ¥ wpws Coherent (TDD/Ideal)
]
£ s ’ @ Coherent (FDD/DFT)
|- == Coherent (TDD/DFT)
02 *Non coherem (Partial)
0.1 :
Max. Dop] oler frequencrlM 44}%2 (60km/h)
0 i
-6 -3 0 3 6 9 12
SNR[dB]
(a) %8k (Mobile speed=60km/h)
1 T
0.9 W
0.8 Y " o
& -
E 0.7 }/j # s =
2 2
2 06 i7"
Ny <
:' 0.5 /f wantians Coherent (FDD/Ideal)
£ 04 @SS “tg== Coherent (TDD/Ideal)
£ 03 y /M oo Coherent (FDD/DFT)
_ o2 wwagw Coherent (IDD/DFT)
) weatr= N on-coherent (Partial)
0.1 i f . :
0 Max. Doppler frequency=842.59Hz (350kmvh) |
-6 -3 0 3 6 9 12

SNR[dB]

(b) 3227873 (Mobile speed=350km/h)

a8 11, oA £xel ulE SSS HE: &E

non-coherent 7&Rr} Algo] dslElcth wbHo|
A]

non-coherent H}3|
Eﬂol Tzl AR gle] kA
#18 gl & gtk
;1%1 12+ SNR=12dB ©il+
Sss A& As
<l

S

o &

b =]
o YEeRich Fa S kS
15kHz= A tehalom, PSSE o]&¥

& o]%A 4k} FDD/TDD =
o]

¢l A& A5& Ho)

Fahg FAllel

g

19



FZEAIE3)=F3) *10-01 Vol. 35 No. 1

go
.§ 0.6

£ 0

s N\

g i=Non-coherent ,
oo Coberent(TDD,Ideal) |
w8~ Coherent(TDD,DFT) |
1 SNR=124R

Max. Doppler frequency=842.59Hz (350Km/h) | i

o 0.1 62 03 04 85
Normalized freguency offset

T8 12, Fa S mE 88S AHE: &F

e Fuls F7] olFdl SSS AEo] syElng
At Fa 34 05 olEE zElslgdch A
B3 Fal FA 0.3 olabellA FAR A5 dsb}
vehdc,

% 13 SNR=12dB o4 elo]w gAld] ol&
SSS A% A5E Jehidl S8S HE ol £3
S PSSHERNE HAsE ZHY B 25
SSS & Al Holr) FAE i) wlbd B
=Fxe ZHY 5 25 A L=k R
3193, 714 L= normal CP & AF 4& 9w
gk Coherent WRAl9] 7% elold] F4lo) Ex1gh
7% Aes Bk ol olfi= el Al
2 Qs Faa Godoll4 BAlshe ks o)
AR wheds]z, olxle]l A BAA A €
ol Ao A A AL BAR & g
wjFolc}. wbHe) non-coherent B2 Eloln] 24l
o wi$- =iz AE A vtk B3| gely
4] CPo] +1/3 AAL wlel A =4 ssSs A&
£ & 4 ¢7] W&ol non-coherent wWhAlY] A4
A3 =Zyd F7F 879

3% 145 Nee=1¥ @, o554 4% w& CP

1 e
0 D ﬁ-« 3-
0.8 / If \
i / \
% 06 I
E. 05 vi
£ 04 +[=h b
2 03 - |~#=Coberent(TDD deal \
& \
02 + \
0.1 4
o ¥ Doppler freq 842 59Hz (350km/h
-1 =213 -1 0 13 23 1

Timing offset/ L:
2 13, Elel FAf W2 58S A& &8

120

! I —
0.9 M
0.8
£o7 e il
2 "
,g 0.6
& 05
g
£ 04
2
s 0.3
02
= CP detection(60kmvh) £
o1 Nee=1 = CP detection(350km/h) E
6 -3 0 3 6 9 12

SNRIdB]
T8 14, o1%A Sxe] W CP 7] CP ¥ &8

7% $E& etk cp 7] CP AE WAl
olFA &me} Abgle] oA s HolAH,
SNR=-6dBoll4] <F 65%2] H&ES Rol/] o
o 888 #&a} AEYE o SSS HE A% s}
Z Aoz Atk 33 158 Needl ©WE CP 7
% 55 Y sjz =9 delx] TDD =
=5 % Ao 7 AE P2 Nees14 o ),
SNR=-6dBlA] Nu=1 o wje} vlasle] A3 &E
< 65%l4 89% 2 FAAA 4 Stk 1¥ 162
Noeeol w8 Belole 7% T2t CP el Al 2
A gz datek vang veEhick NooE $71 Al
719 CP #HE ASs T A + WA, 1™
1600412} 7ho] <dAlsk Z719) trade off FAlo]=R
A A 34 o] Fasicl

¥ 172 CP &g w3 888 HE HEE
viehdick ©17]4 ‘Known CP type'& CP HEE
FA3HA @2 olakdel 88S AE FHES el
o, CP Al AA Fx9 7A¢ 3% Ve awst
o] Ne=8 F4sle] cp &L S3sigich &=t
= A& A$ o 10%9 A% 43} Jehes
ubdol Alqkehe #hAlel CP k] CP &S A

! W
09 4 : :
038

£ o7

2 06

Zo

S 05

g

g os

& 03 e SNR=64B
02 @ SNR=0dB
01 R

0 Max. Doppler frequency=842:59Hz (35km/h) L * S NR 6‘.1 s
[ 2 4 6 H 10 2 14

Nace

738 15, Neol ©& CP 7ukel cp 7#E 3%



¥ /3GPP LTE FDD/TDD F< 2= &8sz =+

Al7lellA 271 A S48 943t cp A% 7k sss AE /1Y

6000 1 : E =#~Blind detection 1
: ] : L =@= CPtype pre-decision [
5 5000 g & - = —
~
9
£ 4000
H F—
E 3000
E WM
E 2000
H
©
]
= 1000
0 Neer=12
0 2 4 6 8 10 12 14
Nace

=

Detection probability

wage== Non-coherent(Known CPtype)
=g~ Non-coherent(CP type pre-decision)
%= Non-coherent(Blind detection)

Max. Doppler frequency=842.59Hz(350km/h)

-6 -3 0 3 6 9 12
SNR[dB]

J8 17 CP AEE

23} CP A ARA F2o] §S§ & ukAlLe Halel
= AER 53 Aeg vehile s #2ed
=

B -EOIM‘: 3GPP LTE FDD/TDD 4 %=
gz A7) 27 A BS ¢8 cp AE

e Aeksisdnh Aok wpAl

_l

2 SSS 7&% OVM CP ZH&& 33l CP ¥l
A AA ;L::L__ﬂ n-coherent SSS &2 $s§go

Er/]— oxleke- 71/\/\]71 )

24 3 %XJ % ‘i““’ ¥ ooz, w&5E

= FZ 8 As 488 FH4as)

g yhaloz tloky L Aol o] A vlm 24

E3) Aok ¥}xle) 3GPP LTE FDD/TDD

Re dEElm PAl7jdl kA A% A
B qlEslgdch

fod

f;i
N
>

4
o

¢oan
o w2

[+

il

(s

rok

3GPP TS 36.211 v8.8.0,
Modulation,” Sep. 2009.
3GPP TSG-RAN WGI1 #52 R1-080873, “On
the design of DwPTS,” Ericsson, Feb. 2008.
3GPP TSG RAN WGI1 #50bis R1-074143,
“Secondary SCH Mapping and Scrambling,”

“Physical Channel and

Texas instruments, Oct. 2007.

H.G. Park, 1K. Kim, and Y.S. Kim, “Efficient
coherent neighbor cell search for synchronous
3GPP LTE system,” ELECTRONICS
LETTERS, Vol.44 No.21, Oct. 2008.

Y .H. You, JH. Paik, CH. Park, M.C. Ju, K.W.
Kwon, and J.W. Cho, “Low-complexity Coarse
Frequency-offset Synchronization for OFDM
Applications,” IEEE ICC 2001, Vol8,
pp.2494-2498, 2001.

3GPP TSG RAN WGI1 #47 R1-063049,
“Placement of P-SCH and S-SCH,”, Motorola,
November, 2006.

K. Pushpa, C. N. Kishore and Y. Yoganandam,
“Estimation of Frequency Offset, Cell ID and
CP Length in OFDMA mode of WMAN,” IEEE
TENCON, Nov. 2008.

3GPP TS 36.101 v8.7.0, “User Equipment radio
transmission and reception,” Sep. 2009.

O. Edfors, M. Sandell, J. J. van de Beek, S.
K. Wilson, and P. O. Borjesson, “Analysis of
DFT-based channel estimation for OFDM,”
Wireless Personal Commun., Vol.12, No.l,
pp-55-70, Jan. 2000.

121



55413 =84 *10-01 Vol. 35 No. 1

& £ 3| (Jun-Hee Jang) 234
20071 249 Q@I AR

AT

20094 2 AvRdiEta o)
&3} A}

2009 3¥Y~dA A
I FeEsst 2t A

<¥iiol A, olF%

[
A, =9 571 7e

Z & & (Hyung-Jin Choi) FA3Y
' 197413 29 A&t AHA-F
&z}

19761 29 F=3r|ed A
713xgs g Ak

197613 3¥~1979'3d 79 (P
FAAE T A7

197913 94~1982d 129 7]
= Univ. of Southern California %7283} (&
ghatahy

19823 10¥~1989d 2 v Lincom Corp. 37

19891 33U~ Agcsta HREAFIE g

<TFol CAEEA, FAEA, o154, 94
4l 2 %5713 /1% 33 MODEM 7|&



