Fundamentals of 1S-95

.) DS-CDMA System .)

— Spread Spectrum

- DE(2 W, PN Code)
— Power Control

— Capacity

— Link Structure
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‘9» Spread-spectrum Communication 4

A digital communication system is considered to
be a SS system if :

the transmitted signal occupies a bandwidth that is larger
than the minimum bandwidth required to transmit the
iInformation.

The bandwidth spread is accomplished by means of a
code which is independent of the data.



Yoy Spread-spectrum Communication(conts)

A major thrust in wide-spread development activity in small
scale spread-spectrum networks came from the 1985 FCC
ruling(partl5) to allow low power unlicensed spread-
spectrum radios in ISM (industry, Science, Medical)band.
Table below lists the three ISM bands in 900, 2400 and
5700MHz frequency ranges.

Maximum allowed unlicensed power output in the ISM
bands is limited to 10 mW and the minimum bandwidth,
processing gain and hopping rates are specified.

Carrier frequencies Bandwidth
902 ~ 928 MHz 26 MHz
2.4 ~2.4835 GHz 83.5 MHz

5.725 ~ 5.850 GHz 125 MHz



Spread Spectrum Principles Ay

Shannon-Hartly Capacity Theorem
C=W |092 (1"‘8/N)

C = Capacity OC32Z)
W = Bandwidth (M&HY=)
S/N = Signal to Noise Ratio

____________
-
-
-
-
-
-
-
-
-

Shannon's Equation
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A Processing Gain (PG) A

/ / / /
s — W, - _ Chio — Rate
Dara ~RFarlte

/7
=1Olog[5‘93j (IB)

ex) Information bit rate R = 9.6 Kbps
Information B.W =2 9.6 KHz
Each bit of 9.6 Kbps is coded by 128 chips
Chip rate = 1.2288 Mbps
Channel BW Bss =1.2288 MHz

1.2288M
O.6K

iNnfor

PG =1 Olog[ jz 210801 28,LG)



‘¢ Jamming Margin ‘y

PG —[L,. +(S/N),.J=M,
Sys. Implementation Loss

Jamming : The Signal Produced by a jammed and intended
to interfere with the reception of a desired signal
Jamming Margin : The amount of interference a system is able
to withstand while producing the required
output signal to noise or bit-error-rate

Assume) PG =3008, (S/N),,, =1008
[, =208 => M, =18d8

==> it could not be expected to operate with interference
more than 18dB above
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‘9, Spread Spectrum (Cont.) 2
o Key Features of Spread Spectrum Signaling

1) Multiple Access : CDMA

2) Anti-Jamming @st zid 4l 5ol 23)

3) Anti-Multipath fading

4) Difficulty of Detection by an
Unauthorized Receiver : & =7jet 2= "4



‘9» Multiple Access (CDMA) 2

/ X(t) = Ad () p(t) cos(ant + 0)
r(t) = ZAd( t)pi(t)cos(awdt + &)

Ignore the path delay for the moment



To detect the d1(t) : ¢

— Z 0
rit)— —|] =27
> 1

t)cos(2xtt + 6)

Z = jo Acd1(t) pi? (t) cos? (27fet + O1)dt

K
+ ; A« di(t) Pr(t) pa(t) cOS(27fit + &) cos(2zfit + Br)dlt

_ % AddiT + % cos(6—0:) A [ pi(t) pat)dt

crosscorrelation =0

We need to use PN sequences having low cross-correlation



‘s Anti—-dJamming

DD

A (8= Ad() () ()4 n(e)

@O " i
r(t)—@— 7
p(t)

7= I Ad (t) p(t) p(t) + j(t) p(t) +n(t) p(t)dt
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o4y Anti-Multipath ' /

O " O =d,(t) p, (1)

" it 0 The direct signal is
0 despread by the local p(t)
nde while the indirect signal Is
ndep.
P spread by p(t)

r'(t) =d(t) +d,(t) p,(t) p(t) ——~R &P are uncorrelaéd andz > T,
=d'(t)




W  Anti-Multipath(cont.) '/

* To reject the Indirect path components,

Weneed T <7

e There is a method of combining the multipath components
In a constructive way, so that the received SNR can be

iIncreased.(RAKE Receiver)



" Anti-MultiPath Example / /

obstalcle

1ft =0.3m
/\ d[m] =[sec], c=3x10°m/s

200ft separation >~ 200nsec time delay

In order to reject the multipath components, we
need a chip duration Tc of less than 200 nsec

Tc < 200nsec

In general, we need a higher chip rate(more BW)
to reject multipath components of smaller delay
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Code in CDMA ‘s

Orthogonal Code
-1S-950{| M= Walsh Code

- sEeA = HE T E NS, JEEM= AE 3
PN Code (Pseudo-random Noise) Code
- 1S-95 0| A= Long Code, Short Code
- W-CDMAUO]| A= Gold code

- Short codee 7| X|= +&&, Long code= 7 A&
- Et AU Joll M= Long codeZt A P E2EHMEE



‘s» Orthogonal Code

Orthogonal functions have zero correlation.
Two binary sequences are orthogonal if the
process of “XORing” them results in an equal

number of 1’'s and 0’s
ex)

0000
0101



‘o4 Generation of Orthogonal Codes

0000
0 — O00= 0201
SEED 01 0011
0110
® Repeat
- Right
- Below

o Invert(diagonally)



Orthogonal codes(hardmard martrix)#
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‘s Orthogonal Spreading

D

0110011010011001100110010110011010011001011001100110011010011001
Walsh Function #59
1001100101100110011001101001100101100110100110011001100101100110
Pattern to be Transmitted

Figure 3—4 Orthogonal Spreading



% Example of Channelization 5}

User Input 1

Orthogonal / \ / \ / \ / \ / \

Sequence 0110 0110 0110 0110 0110
TxData 1001 0110 0110 1001 1001

Channelization Using Orthogonal Spreading



‘9, De-Spread (& &4l $

Rx Data 1001 0110 0110 1001 1001

Correct 0110 0110 o110 0110 0110
Function 1111 0000 0000 1111 1111

A=A A=
0 0

Recovery of spread symbols



‘94 PN Codes 'y

® Two Short Codes( 2'°> = 32,768 )
- Termed “I” and “Q” codes (different taps)
- Used for Quadrature Spreading
- Unique offsets serve as identifiers for a Cell or Sector
- Repeat every 26.67msec
(at a clock rate of 1.2288Mcps)

® One Long Code( 2% = 4400 Billion )
- Used for spreading and scrambling

- Repeats every 41 days
(at a clock rate of 1.2288Mcps)



‘s PN Code2| MZ

(1) Maximal length : shift register2| ZH=7}r 2l HA 2

5t 37| Sote| A|@ A2 Aol 2" -1

(2) Balance property : 2" —1702| & &
#of “0” : o1 _4

#Of u1u - 2f—1

shAF “q79| FW4=T} “072| FH$EC} 17} 2o}

o O

(3) Run property : 2" —1 72| & &
“170[L} “070| AHlLsHA] SHH LI A< 1/2
“170|L} “070| A FH L2 H: 1/4
“170|L} “0”0| HZsl M MH L2 E: 1/8 ..

(4) Correlation Property :

Auto Correlation F& 2 '0' == AHe| ‘0ol 7i7t2
(E= FAIRAE U SM X bit5t 2L X| bit=7} 171 o|2EXI0|)



PN Code Generation ‘y

o
N

\J

Out

- Seed Register with 001
- Output will be a 7-digit sequence that repeats
continually : 1001011



‘s PN Code Generation

@
EE

T Sequence=10010111001011 l

ol

'\

0/1]—10]

Clock Pulse D3 D2 D1
0 0O 0 1
1 10 O
2 O 1 O
3 10 1
4 11 0
5 11 1
6 o 1 1
7 0O 0 1

»y



Q)’ Power Control

Near - Far Problem

0 100m 1000m

Near - Far Problem

The Received power of the A is
103 ~ 10° times more than that
of B therefore, B signal is
masked by A signal problem

—> M2t A Power Control A

Received Signal Power
at the BS

B signal, After
despreading

B signal is not
recovered



Reverse Link Power Control

M\ JIXI= 4185
o ®
D \ ,
)) /l/ A NNAAAAANY AN\
. _ D o R
The signalof Cislow. NN Feemmeeeees
BS sends to
AR command "Power — B
up!" the mobile C
\,\\I\ 0




Forward Link Power Control

Y Transfer Power at the BS
[\
O
C
) AV - c
B
................... %
D |- B /
Hey BS! e ST e
l don t hear. ‘
lhear Zo N N TN QAR e
C'ea”y A D LTI
A
o Without Froward With Forward
Power Control Power Control
» In this case, C
C has experienced
a lot of error
B




" CDMAO| Al & & (Capacity):Reverse link capacity "

% COMA AIAEINIA S22 2F 0! : £410(9) 2X8HA(min. required Eb/No),
MM FLUE, S A U
StMCl= 2t E S

—

o AL S FO-UYE KON 2ES Ld23= AR &=
1. Single CDMA Cell M Al Capacity H4H= & user = 1 M)
Energy per bit / noise power density( E,/N,)
E, = Average modulating signal power (S) xBit time duration(T)
=S.-T, T=1/R (R : bit rate) = S/R

Noise power N Total noise power N CdmaOne Al A&l
densit —— Ny = -

ek 21 XI=0l A Eb — S .
One user0ll CHst No N ) Processing gain




A i 1) - A
'y CDMA System 0l A Capacity (HI=1) - 'y

NEE

A

HIIUI A return link userf
power control O] && user2
otHl €HECHD DA
ot™ 2t user2 2H DI
AN=0AN =4lot= &

(=) [ — (o)
225 s¢.

S S 1
‘N S(M-1) M-1 ,MS 2 Cell Lol 2E User =
E, 1 W
_)NO_M—]_.R ,User £ H MM -1 <—— (&l 1)
~ WI/R)

(Ep /No)



‘9» CDMA System 0ll Al Capacity (H%2) : 4y,

2. &K &H0HAN COMAAAEI2 HIZ 0l 22 F=I=+E M ot=
Cell O| 0| EXHot2=2 018 1A} ES I & Hl Capacitye=

Al| \
A2

A3| A 71AF W User

power

user BI N
user B2
user CI
user C2 7

Joading

A1, A2, A3.... : A Cell LH2] AHEXIE0I A J1XI=0ll Ol XI= Return Link & &
B1, B2,.. : B Cell L1 AFEXIS0! A J|XI=0ll OIXl= Return Link &
C1,C2,... :CCell LH MEX=0| A J1XI=0 DIXI= Return Link & &

OlIlH B, C & 0l Cell At X} Return linkJt A JI1XI=0l 2t& 2
2 O3|= HE loading Ol2t 3t n : loading factor 2 & 2|



Ay CDMA System 0|l A Capacity (HI%3): 4

/ /
E, 1 W 1
B . . Al
N, M-1 R (1+nm €-mmmmmmmmmmmmmm (&2

— Frequency Reuse factor,=1/FIt+ MAIS &2
- CDMA AIABIO) =04 THAIR 88, Fo_L
- Note : n=02 [, 1+7
|deal 8 CDMA AIAEIS| frequency HAIE A== '1° O|LF & & FQOI COMA
ANAEHINA 2082 Dot ‘1.6 3=
-2 0I2 Cell 0IA A2 CE oMUY A2 n=0¢.

3. Sectoring factor

_ FHFSEOJ A7 © = Interference &
Sector Antenna o] /3] F=3/% = Interference &

E, _ 1 W(l)l Gommmmemmee (413)

A

N, M—-1 R (1+7



‘9» CDMA System Ol A Capacity (H=4) : 4,
4. Effect of Voice Activity

(Al3) 2 2& user&0| A2 100% AIEE I ERY. & SHELZ 2 user=
S35HAl 40~50% AI2+SQHBH OHD|8tCH= A= 1245t variable codec (I
9.6Kbps(800MHz) = 14.4Kbps(pcs UIY)E AISE 2N (AP X EX)

Reduce transmitted power = Reduce interference in Return link at B.S.

E, 1 W(1 .;{lj
N, M-1 R (1+n) \v

v~ (W/R) ( 1 j'}‘(ij
(E,/N,) \1+n) v

» Conclusions :

Fact 1. Capacity(M) o« Processing gain (W/R)

1
Fact2. Cox : .
Syetem'srequired E, /N,

Fact 3. OI=2Cell HIA 2 loading | — Capacity 1

Fact 4. Sectoring increases Capacity.




&y  Link Structure

« CDMA Channel 2

e Forward Link
Pilot Channel
Sync. Channel
Paging Channel
Traffic Channel

 Reverse Link



0)’ CDMA Physical &Logical Channel 0)’

Codes

4 Wes
Wez |

Logical Channels <

Physical Channel =1.25 MHZ




CDMA Channel /22

/ / / /
FORWARD CDMA CHANNEL
(1.23 MHz channel
transmitted by base station)
Pilot || Sync|Paging Paging(lraffic [Traffic [Traffig[Traffig [Traffic
Chan||Chan|| Ch 1 Ch7|{|Chl| |ChN| |Ch24|Ch25 |Ch55
Mobile power
Traffic Data Control
Sub-Channel




A

/ /

Pilot channel )

I'pilot PN
sequence at
W, 1.2288 Mcps
(All Os
1.2288 Mcps)
BB
A\ fier > A
All Os To QPSK
|/ modulator
BB
filter | > @
1.2288 Mcps

Q pilot PN

|dentified Walsh function O(WO){Z%ZH,\%;;

No Baseband Information

Transmitted constantly

Has unigue PN offset for each cell or sector

Provide the mobile with timing, phase
reference & signal strength



'@y Pilot PN sequence offset ‘s

The short PN codes are uniquely offset for each
sector(215=32,768)

The minimum offset index is 0~511( number of 512)

215(= 32,768)
64

ex) offset index=15
15 X 64 = 960 PN chips 1
The pilot PN sequence will start 781.25s(960% 1 5aq 1)

512 =

Note : Wil 6& 348-349%, 118 6-18 & X



W Sync channel Block Diagram

| pilot PN
seqguence at
1.2288 Mcps

A

/ /

W:. at

1.2288 Mcps

Synch \.l./
channel
bits
egc?c:](\j/ér Symbol Block
R=1/2 repetition interleave w

1.2Kbps 2.4Ksps 4.8Ksps 4.8Ksps | 2288Keps

Q pilot PN

BB
filter F—

To QPSK
modulator

seqguence at
1.2288 Mcps

BB }—m—p
filter




‘s Sync. Channel 9& 24 v/

e Carries baseband information : Protocol information,
AAEN D, & ID, Pilot HE PN offset 8, =1t XHEHS,
Paging ;1€ =%, longcode 32 S2 JIX=0A OlS=2
2 HAHAIX AIAE R EE2 Timing 82 M3
e Used by Mobile to Synchronize with system
e Transmitted in superframes

(96 bits with 80 msec = 1200bps)
e Walsh 32AlE61H & AIA|H HSE -> 0|lS=2pilot HE=
JIXN=2 88 OFS Walsh 32 &2 HI32({ & EAtE o
SN SINE 85




/» Sync channel message is structured by Slg/nc ,
/ / Channel Message Capsule(Message+ addmgﬁ]

Sync channel Sync channel
superframe(96bits) superframe(96bits)
/ Sync channel V \
frame body
SOM(31bits)
v
R I 0] \0/ 0] 0]
Sync Channel Message Padding

Sync channel message capsule < >
Length on Padding
) as required ,

31*6=186bits
» The Sync channel message information

pilot PN offset -system ID
System Time -network ID
Long PN code state -CAl Rev level

Paging channel Data Rate



‘o» Paging Channel ‘y

Offset PN
R=1/2 "
9600b Convolutional Block 19.2 A\ @—»
4800bps_> Encoder and —> Interleaver Ksps () Dt
Ps Repetition |
1.2288
Mcps 19.2 @ '
ogng cramel ——— -ong » Decimator — Ksps Offset PN
Address Mask Code PN
Generator

Used by Base Station to:

« Page a particular mobile or group mobiles

 Transmit Overhead Information
- System Parameter Message : 1= I, &=t
- Neighbor List Message

- Access Parameter Message : Sf2&k M R0, 0| S 30| AI2 &
NN AXHE ItetollE

0o

PSS MO I 2HOHI E

 Assign Mobile a Traffic Channel
e M&E=S at 9600 or 4800bps



Paging channel frame structure

for a paging channel rate of 9.6Kbps

Maxium paging channel slot cycle

80ms
768 bits
—>
Paging | Paging | Paging Paging
ch ch ch oo oo ch slot
slot O slot 1 slot 2 2047
20ms
192 bits
Paging Paging Paging Paging
channel channel channel channel
frame frame frame frame
10ms
(96 bitg
Paging | Paging | Paging | Paging | Paging | Paging | Paging | Paging
ch half | ch half | ch half | ch half | ch half | ch half | ch half | ch half
frame frame frame frame frame frame frame frame
e Paging channel

half frame body

»



‘»» Paging Channel ‘s

- Paging channel is divided into 80-ms slots.
(Total Group = 2,048 slots)

- An 80-ms slots Is divided into four paging channel frames

- Each paging channel frame is divided into two paging
channel half- frames

- The first bit at half-frame is synchronized capsule indicator
(SCI) bit



4y, Traffic me frame structure iy

9.6kbps frame (20ms)

< >
information bits(172 bits) 12 frame qty. 8 enlctt))der
indicator bits tail bits
< 4.8kbps frame (20ms) >
information bits(80 bits) 8 frame qty.indicator bits 8 encoder tail bits

< 2.4kbps frame (20ms) >

information bits(40 bits) 8 encoder tail bits
1.2kbps frame (20ms)

< >

information bits(16 bits) 8 encoder tall bits

Traffic channel frame structure for both forward and reverse links



| Pilot PN
sequence at
Wi 1.2288Mcps
PCBs at fi D
800b ] BB | p D
forward Trffic " U filter |
traffic Add Frame : channel
Qualit Add 8 bit ’ Conv. ToOPSK
channel . |ndic§§ag for Encoder bits encoder rsyTit?g:] intzl?g;ve @ MUX d/ m od(alator
Informati  ——p» 9600242000 tail T R=112 T pe T T e j
on
. 1288 ) BB di
Bits for 1.2kbps 2 4ktps 19.2kbps 19.2kbps Mops ' fiter -
User m 9 2kbDS 2 tkbps 4,8tps 10,2K0ps 10,2K0ps
(172,80, 8.6kbps 4'4kbgs 4.8kbps 9.6kbps 19.2Kbps 19.2kbps 0 PP
f,gb.t ggigg: 2‘Okbps 9.6kbps 19, 2kbps 19.2kbps 19.2kbps sequence a
or, Its . : 1.2288Mcps
/frame) 0.8kbps 0.8bps g
code Decimate Decimate
generator T T T
Long code mask
(as afunction of J
Specmc user ESN) 1 2288MCPS 192kSpS 800HZ
Forward traffic channel

used to : pass voice, commands, request



‘9 Forward Traffic Channel Generation 4

Offset | PN Code
1011000010110 —

v
Symbols Spread by 01101100101 1> TN 1101111011 1OL
Walsh Chips )
011011007011 - To Baseband Filter

011011100101 L /) 00101001 OOOOO»

N
A

0100011101011 —
Offset Q PN Code

[ Quardrature Spreading ]



‘9» Reverse CDMA Channel ‘y

REVERSE CDMA CHANNEL
(1.23 MHz channel received
by base station)

Access Access ||Traffic Traffic

Ch.1 Ch.n ||Ch.1 Ch.M

»
>

Addressed by Long Code PNs

Figure 6.1.3.1—1. Example of Logical Reverse COMA Channels
Received at a Base Station




iy Reverse Link A

| channel PN

Access Channel

1.2288 Mcps

1.2288 Mbps
BB -
Access filter
channel Conv ou
i encodér Symbol Block orthigir:é\ To QPSK
R=1/3 repetition interleave modulator modulator
j BB
[ . -
4.8 Kbps 14.4 Kbps 28.8 Kbps 28.8 Kops 307..2kep; filter
Q channel PN
Long
code sequence at
generator j 1.2288 Mcps
TLong code
Mask 1.2288 Mbps

Used by Mobile to
Access System
Originate calls

Respond to pager and get the order from the BS
Register with system



%@y Reverse Traffic Channel(Rate set 2)

 Used to pass voice, commands, and requests
from the Mobile to the Base Station
* TX up to 14400 bps

A

»y

| channel PN
sequence at
1.2288 Mcps
9600kbps
4800kb
sao0cos  R=1/3 1.2288 Mcps B8 | ,
1200Kbps \\!w filter
Ralg SET1 Con. Symbol Block 64-ary Data burst P To OPSK
encoder repetition interleave orthogonal randomize x : modular
modular chip 55
= D ) >
égtgpz R=1/2 3.6kbps 28.8kbps 28.8kbps 4.8Kksps filter
7.2kbps 7.2kbps 28.8kbps 28.8kbps (307.2kcps)
14 4kbp g 14.4kbps 28.8kbps 28.8kbps Q channel PN
Aot Sot 28.8kbps 28.8kbps 28.8kbps sequence at
1.2288 Mcps
Long
code
Long code

mask



s Reverse Traffic Channel(cont.) 4§
 64-ary Orthogonal Modulator

* 6 bits &1 S 0] I}2} 64 bits Walsh 2 & &

e S =S ASH Hiol AHEOZ A4S HUSHASI st Y
BIANA Y2 BER x¢ll. M2tA &4l
6 bits &1S S XAl K2l &

0
>
%
A
N
=Y
JH
=)
>

28.8bps Ore)tdrf]?grgnal |, 28.8kbps/6bits=4.8ksymbol/sec(sps)
sl EE 4.8ksps X 64bits = 307.2kchip/sec(cps)

e Data Burst Randomizer — I 7& 418-420% & X
- & 8tSF 219 Al S 8 Voice Activity Factor il et BH=S 60
RandomolH B2 Bit S 1B E S > AlS S KX
S 2IE2AAZ IIXZ2 2SI}
> oM7E (A" 7-17) X



