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ABSTRACT

This paper implements the 3GPP standard WCDMA physical layer voice channel by using Universal Software
Radio Peripheral (USRP) board, a software radio general purpose hardware provided by NI, and Visual System
Simulator (VSS), a software that guarantees real-time interoperability with USRP. While most other
implementation papers are focused on the physical layer, this paper implements a part of the MAC layer and
sets it according to the bandwidth characteristics and packet structure defined in the 3GPP standard for system
performance verification. The performance of the system was confirmed by using the spectrum analyzer through

bandwidth of transmission signal, EVM of reception state, and code domain power (CDP).
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I 1. WCDMA 3} =
Table 1. WCDMA Downlink 1

Parameter Value
Carrier spacing (MHz) 5
Chip Rate (Mcps) 3.8
Frame length (ms) 10(38400 chips)
No. of slot/frame 15
No. of chips/slot 2560
SF 4 to 512

5] Sl Haie] AdE Falsielon] ol %
sl 2 13 2] Slot 57] 2 24 5715 $1%
SCH, #d ¥4 ¥ trackingS $13+ P-CPICH, -S4
Ade] TTI boundary S 27]9]8F P-CCPCH 18]
vprete® dlolE Adel DPCHE = oisich
P-CPICH, P-CCPCH, DPCH+= Z}Z}e] A& t}&
OVSF code & AH3-3}e] Sib=|glon] & Z#|qlo]
=714l Scrambling®|e] wix]wte 2 SCHS} v
;AA A=)

WCDMA W22 713 5ellA] E8E= Alse] 9
°H*1 S = S wFolok ah, YeoxA] o

E 7IA=e] Alse) 5715 wFold dee s 3l
D‘r. olglA| sl Felx= 71A=-E s st
ZF 71A = vieh A7 gE 23ea s ARtk
233 Fe= 647 FEaF R v

7 aFvkct g7fe] ~z3EE I=E xdskal 9l
o} s, ~3FEE F= A degree-1831 2719
PN code(m-A]&2Y)E modulo 2 A4S 3F F=F =
(Gold code)E A8l Z#|ddo] 10msell U3}

SCH 3.84Mcps
(Sync CH)

P-CPICH | 38Msps
(Pilot CH)

P-CCPCH

(Broadcasting)

ROF: 0.22

Pulse
DPCH shaping ———»
(Data CH) filter [30.72MHz

3.84Mcps| 3.84Mcps

3.84Mcps

12l 1. WCDMA 3leks]=z =93]
Fig. 1. WCDMA Downlink frame
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Fig. 2. generate WCDMA Downlink Scramble code
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th2).
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P-CCPCH
LN ]
15
256chi

P-5CI

S-5CH

J 2560chip, 1 slgt,,J __ul

N N N N N A N N K K A K

38400chip, 15 slot, 10ms

13 3. SCH +x
Fig. 3. SCH structure

2.2 PCICH (Pilot Channel)

PCICH '35 S-SCHelA] &% 2% e 87
9] 4 scramble coded AtFAARS Esfed g
)7} 71 =& scramble codeS 53 uff A-8-5
), 3 $AIsk Ad BAF 2 CPICHS] E¢/NoE =
Aale] == Ao 7| FhoE ARSI

23 45 29 9=l A ZH el AAA 914
3} d)o]E]$-S 30kbps, SF 25621 OVSF code 0
o2 kg gdy] AdS A 2 g 9)
= yAdeleE 4 3 sRHASE AHEske] 74
Foay FAldder] FriHel ARE 5T dQ

glo] ¥ & % qrk

CPICH

d * * 900 4+

2560chip, 1 slet,

38400chip, 15 slot, 10ms

J2l 4 CPICH +& (1)
Fig. 4. CPICH structure (1)

3.84Mcps
_ QPSK
Pilot Seq. }_‘ Modulator )“(
30kbps 15ksps °r =20

OVSF Code

(index : 0)

3% 5. CPICH T+#(2)
Fig. 5. CPICH structure (2)

2.3 PCCPCH (Primary Common Control
Physical Channel)
PCCPCHY:=  A$IAIZlx A% PRACH
(Physical Random Access Channel)®} CPICHZ71 ]|
e AH®  FE& 3= broadcatingxdolch

555

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’20-03 Vol.45 No.03

0.3840Mcps
SCH

'
. . ~ UX —
a6its gebit  270bit siobit  se0bit Ztgm T 384Mcps

& bl o cc — IR o
+16 +8 x®

3456Mcps

OVSF Code
(index: 1)

SF = 256

12l 6. PCCPCH 1%
Fig. 6. PCCPCH structure.
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2.4 DPCH
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B =olld 783 WCDMA 3AAd 72 734
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148bit o2 A% Aol A= 7|A =3 &
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2.4.1 DTCH, DCCH

DTCHE AAsk= A& 23 4 TrCh #Ael
CRCE F7]gl}. TrCh #Ad] F7}=|&= CRCE
CRCI12°] 3L polynomiale- o} 5213} ZTH3)(4).

Jeras = D'+ D+ D*+1 €))
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Jerary =D+ DY+ D*+ D+ D+1 )

o] el 8H1E2] tail MIEE Zobsha S
ajaie), Aol g Ane oleeh R

24rEsE sdsky deee Sasl
WCDMA ¢4} RM(Rate Matching)S- #] <=3)s}
o olef=jdE &tk RM-2 Transport #'dellA]
Physical g2 vid o] ZZke] TB(Transport
block) Z7]ell ZA dlele] f& 23l Zads
TFAEl AIA O E data rateS - H= IS 5
836‘_1_]:]_[1,3].

TB size®} RM £442] Floll w} ey, €plus>
€ W] AT olol wje} dlolelE nbia
repeatition T=+= puncturing®HA] A zlc} RMo| 5o
Ist QlEfe|"S ok

1¥'qleel= TTIo| uwle} 4714 permutation
pattern®] A3} Z B =7ol4= DTCHE 20ms

“G 56\ (octal)

Output 1
Gy =753 (octal)

a8l 7. ARHS R = 12
Fig. 7. convolutional encoder, R = 1/2

"o '@ E {ol+{of—{o}[o}
b4 b4 r hd Output 0
% - 4 o () =557 (octal)
_"’ a H' S ! g ssa (octal)
1 X L Y, Output2
TG, 7'\1(bclal)
g 8. A¥FE, R =113
Fig. 8. convolutlonal encoder, R = 1/3
E 2. RM 3=}E
Table 2. RM parameter
DTCH DCCH
Trch #A |Trch #B|Trch #C
X 303 333 136 516
einit 1 1 1 1
€ptus 606 | 666 | 272 | 1032
Chninus 18 10 60 176
AN 9 -5 30 -88
X+AN 312 328 166 428
bit/ frame
— (X+ AN/ TTI 156 164 83 107
bit / frame 510

www.dbpia.co.kr



=%/ VSS9l USRPS ©]-43F WCDMA Downlink &4 A8 3

errorgt0| ()Y ANS| ZHo| [} Repeat TE= puncturedhs EhAl
(AN : (+)Q! B2 repeat, (-)Q! Z puncture)

If HEM bite! Z2
eITOr = ejnjt — eminusi
else if O|™ error7t ()9 B
error = error+ eps — eminusi
else
error = error — €minus:

J2 9. RM ¥aEFE
Fig. 9. RM algorithm

E 3. 1st SlEfEH FepilE

table 3. 1st interleaver parameter

TTI Row permutaion patterns
10ms 1 <0 >

20ms 2 <0,1>

40ms 4 <0,2,1,3 >
80ms 8 <0,4,2,6,1,5,3,7 >

TTIS AFE3l3. DCCHE 40ms TTIS ARg3le] ol
Elg]n)gh.

I8 102 kellx] A DTCHE DCCHAE
o] of A|F2E 7FA| A Trch multiplexing==A]&
HojZr}l. DCCH7} 40ms TTIS 7}A 3 9l7] wfj¥e]
tjZE 918k 718 ZHY 4= 40ms, S 4 ZH 0]
ek

4712 = ell4 DTCH % DCCH2] Frame
segmentation¥! dlo]E}Eo] A3zl $]xol 22 914

gk

DTCH #1 DCCH
h 8 !

105 )
ECEIY
Ta =15 05 5 s
R=13 R=1/3 =~ _ R=1/2 =~ R=IB -~
Conve 303 333 136 516
Ly ) i E— ]
EiE ——
v i

I 166
Radio frame segmentation [t [ 161
T a

56
[CEE N

| /‘\\‘\ p
y X ~~L
Treh multiplexing TG [CAT[BSTI07] 156 | Toi [85 [107 [ As6u]6AT[BS]A07] 156
1% frame 2% frame

3% frame 4" frame
a8 10. TrCh tF53}
Fig. 10. TrCh multiplexing.

[ o TdsTior

2.4.2 DPDCH, DPCCH

DPDCH¢} DPCCHE DPCHE FAsH= Ad=
4] DPDCH= DTCHS} DCCHE muxdle] 2" Q1)
gHS 3% dole] A'de]x DPCCHE power
control’ 2. ¢l TCP ¥ pilotdlo]E]7} 2= Ao Ad

olrt.

40.4kbps
DTCH 51kbps
DCCH
10.7kbps
2l 11. DPDCH 1%
ig. 11. DPDCH structure
2.4.3 DPCH

DPCH= %4 Aw3l%e] DPDCH$} DPCCHA
ol ozl 23 129} 22 22 A== A
ot} B =Tol|A] F-&1&} Slot format 8el|A]+= TFCI
A7} EZZE A = Ho] EAolrh

DPCH¥= QPSK¥x= A3} SF 1282 OVSF
4nl Fes ARgsle] Fatslgick

=
DPCCH
6 bits 2 bits 0 bits 28 bits | 4 bits
[
Datal TPC TFCI Data2 ‘ Pilot
667us, 2560chips
tlelsfefsfefrfefs]nfn]rln]uls
1 frame(10ms), 13slot

J2 12. DPCH &%
Fig. 12. DPCH structure

25 VSs #+d

2.5.1 A=Y

77 1304 & S glRe] VSSE Rl A =
Ade vk S 7B odvk oish Pulse
Shpaping filter= RRC(Root Rasied Cosine, Rolloff
factor : 0.22)ZE]E-=3} Sample rates 37| $1g+
AR(Arbitrary Resampler) &%, USRPE £3) IQE
A%37] 18k LabView 50| F7k=e] glr.

E =tellxe] WCDMA 3= EeAd-2 7]
H 3.84Mcps?] IQ ratesl|4] RRCE E3}a)iA] gulf
= oversampling=|¢] 30.72Mcps®] 1Q rate S 7}ZIth

g, USRP-2944R2> 543 1Q raten2 #]<13}
2 Arbitrary Resampler 525 713} 1Q rate &
6.25Mcps = 7815

2.5.2 RM, AR £

RMEEF} AREE-2> VSSollA AlFelA] = &
2olm® VSS9 7]15%F 3l MDK(Model
Development kit)& ©|-83le] 24 g E5olck
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Pulse Shaping Filter

$

oiler ’ + Scramble

12 13. WCDMA a13Fg= A4 Z#9)
Fig. 13. WCDMA Downlink Frame

o} 2o gelAA pA Al
ule] Ak

Transport #'d2] 5ol

sl ARG U9 2 £ 429 Vol
wet 29 dolel® 2AY 5 QA sk
E 4. LabView.VI ZHE 2 318 sleju]g
Table 4. LabView.VI front pannel input parameter

D s -

| B o bt Ry E4s

« - rendFsriPufs . . .

DA Device Name 192.168.40.2

R

oL 1Q Rate 6.25MHz
2GHz

Carrier Freqeuncy

B
;aé! 14. RM, AR &5 Active Antenna TX1
Fig. 14. RM, AR Block
V_V’_|; [Continuously write waveform until error occurs or stop button i clicked ]
e
. .
o

Saseband Power Specium

& -
Rl

10 Ay doutie O T g

o g g )

12| 15, LabView &3
Fig. 15. LabView Block

2.5.3 LabView &2
LabView £2-2 VSS¢} USRPE AAI7ke 2 ﬁ%
371918 E5-02 AAZ USRPE Alofdh= ~ZE 3.1 FeiEA
9ol LabViewo]A| 5 VSSol4] LabView = zgs} H e 3748 13 163 Zr}l VSSollx] Ayl

o
o Arbitraty Resampler®] &%o] USRP &4 & 1t WCDMA 3188 = 714l 1QUo]E]7} ethernet-2-
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53] USRPE j1#o| =3 LabViewollH AdAJsk 5=
I 2 1Q rateol] WEkA] RFZ FHFHoR ZHo
Hrk =3¥% RF= A9EZ E247](89600VSA)=
%3kl WCDMA A1E5 715315tk

—

[vss] [USRP H/WI] [~BEHZA]

Ethemet RF
—_—

32 16. WCDMA 3l3ke= 1387
Fig. 16. WCDMA Downlink implementation setup

3.2 Aydnt

a3 173 2% 188 ~HER A7 SA%
WCDMA sl3F= =eAde] dods) Audes
=A% agdeldh aglel % 4 e, djeiFo)
5MHzo]3}e] 3,
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TGN AUTO  [09:36:02 A0 26, 2015
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AFGain:Low © HAtten: 1D¢B Radio Device: BTS
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4.1736 MHz

Transmit Freq Error 2.214KHz % of OBW Power  99.00 %

x dB Bandwidth 4702MHz  xdB -26.00 dB

= STatus

02 17. WCDMA 313F= tjo =
Fig. 17. WCDMA Downlink bandwidth

[ RKersane WeoNA - od Accorsey
0 5 ALTG A 053640 A10c 26,2015 E
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5.87 % Pk
Pk CDE:
489208
atcs(1)
k Active CDE
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Phase Error.
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Frequency Error
24THz

1Q Origin Offsef
50.04 dB

92.968 chips

nature:

Active Channels:

2| 18. WCDMA 3182 EVM
Fig. 18. WCDMA Downlink WVM
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3 oo
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#FGainiLow *__#Atten: 10dB Radio Device: BTS SelectMarker,
>

Total Power:  -56.44 dBm Max Active Ch: -3.85 dBc

Avg Active -4.98 dBc Properties»|
Max Inactive Ci -41.87 dBc
Avg Inactive Ch: -46.89 dBc

Num of Active Ch: 3
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T2 19. WCDMA 3}8}8 = CodeDomain, DPCH
Fig. 19. WCDMA Downlink CodeDomain, DPCH

[ Koy WeDwi -Coas Do T
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00000 GHz
#IFGainLow Radio Device: BTS Select Marker,

1
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Total Power:  -56.43 dBm : -3.86 dBc

-5.00 dBc Properties» |
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Avg Inactive Ch: -47.15 dBc

Num of Active Ch: 3 More|

Total Active Ch: -0.22 dBc
CPICH: -3.86 dBc
PSCH: -60.33 dBm
SSCH: -60.37 dBm

12l 20. WCDMA 3}8F3 = CodeDomain, PCICH
Fig. 20. WCDMA Downlink CodeDomain, CPICH

09:36:00 &M 0ct 28, 2019 m

HFGainLow #Atten: 10dB Radio Device: BTS Select Marker
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a

CH Freq: 2000000000 GHz
FreeRun

Total Power:  -56.42 dBm Max Active Ch: 3,85 dBc

Avg Active Ch: -4.98 dBc Properties» |
Max Inactive Ch: -42.24 dBc

Total Active Ch: -0.21 dBc
CPICH: -3.85 dBc
PSCH: -60.21 dBm
SSCH: 60.14 dBm

Avg Inactive Ch: -47.11 dBc
Num of Active Ch: 3
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% 21. WCDMA 31383 CodeDomain, PCCPCH
Fig. 21. WCDMA Downlink CodeDomain, PCCPCH
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