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— Relative average interference at cell
i caused by n; users in cell j
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o 1s the standard deviation
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of the attenuation for the
shadow fading

m 1is the path loss exponent
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* Inter-cell Interference at cell 1 caused
by n;users in cell jof class g
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w(x,y) is the user distribution density at (x,y)

K s is per-user (with service g) relative inter-cell interference factor
> from cell j to BS i
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is the total number of
cells in the network

total number of services

1s the bandwidth of the
system
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w(x,y) = e
270,0,

* “means” 1is a user density normalizing parameter
» “variances” of the distribution for every cell

1 S is the total intra-cell
" = — Z S v n interference density caused
& W & & b8 byallusersin cell i
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is the thermal noise density,

is the bit rate for service g

1s the minimum signal-to-noise ratio required
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ang g+ Z ang g Jlg Vggceﬁ

j=1,j#i g=1
Wi 1 R
where cég} — 8
Rg z-g Sg / N 0
T 1s the minimum signal-to-noise
& ratio
S * s the maximum signal
§ power

i g the number of users in BS i for
given service g

The capacity in a WCDMA network 1s defined as the maximum

number. of sitmultaneous users (n, ..n n, ) forall services
’g, 2,g"°" M,G

g =1,....,G. This is for perfect power control (PPC).
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multi-path propagation conditions

E
The received signals I_S), . vary according to a log-
normal distribution with a Standard deviation on the
order of 1.5 10 2.5 dB. Thus (E,),,in each cell i for every
user with service g needs to be replaced

(Eb )i,b i 8i,g (Eb )o,b

E (Eb)o,b e |= (Eb)i,b e(ﬂac)z
1, - 1,

C(g)
(8) eff
Cepf _1pc = (Boe )’
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°* Channelization codes: separate
communication from a single source

* Scrambling codes: separate MSs and
BSs from each other

Channelization Codes Scrambling Codes

- TRANSMITTED
SIGNAL

Bit rate Chip rate Chip rate
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Usage

Length
Number of

codes

Code family

Spreading

Channelization code

Uplink: Separation of physical data
(DPDCH) and control channels
(DPCCH) from same MS

Downlink: Separation of downlink
connections to different MSs within
one cell.

Uplink: 4-256 chips same as SF

Downlink 4-512 chips same as SF

Number of codes under one
scrambling code = spreading factor

Orthogonal Variable Spreading
Factor

Yes, increases transmission
bandwidth

CDMIA

Scrambling code

Uplink: Separation of MSs

Downlink: Separation of
sectors (cells)

Uplink: 10 ms = 38400 chips
Downlink: 10 ms = 38400 chips

Uplink: Several millions

Downlink: 512

Long 10 ms code: Gold Code

Short code: Extended S(2)
code family

No, does not affect
transmission bandwidth

44 /RN




Spreading ra

clor

X | 240 kbps
2D |/
| = | SF=16

UNIVERSITY,r
NORTHTEXAS Channel Rate Radio frame
Coding Matching alignment
DTCH
64kbps 1296 3888+12 bits 2294 bits
1280 bits per | Pe" TTI per TTI per radio
TTI=20 ms frame
CRC [[|R=13 ||| 17% [||| Inter || 2294Kbps,
+16 bits coding Repetition leaving
CRC ||| R=13 ||| 17% |||| Inter || 106Kkbps |
+12 bits coding Repetition leaving
_ DCCH 112 360 bits 106 bits
Channel Rate Radio frame 2.4 kbps + 8 tail bits || per TTI per radio
i i i frame
Coding Matching alignment 100 bits per | PE" TTI
DTCH TTI=40 ms
12.2kbps 260 804 bits 490 bits
244 bits per + 8 tail bits per TTI per radio
TTI= 20 ms | PE" TTI frame
CRC |||R=13]]||] 22% Inter || 49Kbps |
+16bits || | coding Repetition ||| | leaving DPREH
X | 60 kbps
_ 11kbps | = '
CRC ||| R=1B ||| 22% ||| Inter PS | =| SF=64
+12 bits coding Repetition leaving
DCCH 112 360 bits 110 bits
2.4 kbps + 8 tail bits || per TTI fer radio
rame
100 bits per | PE"TT!

TTI=40ms
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Cs=(1,1,1,11,1,1,1)

Cy1=(1,1,1,1)

Ceo=(1.1,1,1-1,-1,-1,-1)

Ci=(1,1,-1-1)

Cyo=(1,-1,-1,1)

SF=4
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Network configuration

* COST-231 propagation model

* Carrier frequency = 1800 MHz

* Average base station height = 30 meters

* Average mobile height = 1.5 meters

* Path loss coefficient, m=4

* Shadow fading standard deviation, o, = 6 dB

° Bit energy to interference ratio threshold, r= 9.2 dB
* Activity factor, v = 0.375
* Processing gain, W/R = 6.02 dB, 12.04 dB, 18.06 dB,

and 24.08 dB for. Spreading Factors equal to 4, 16,
64, and 256.
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SF = 256
s —+— PPC (Gaussian), o = 0 dB
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SF = 64

1ok e A - —+— PPC (Gaussian), c = 0 dB |
f \ ) f | —<— |PC (Gaussian), ¢ = 1.5 dB
3 oX X | —+— |PC (Gaussian), ¢ = 2.5 dB
| \e N\ | —+4— PPC (Uniform), c = 0 dB
o . \ " N - | —<—IPC (Uniform), c = 1.5 dB ]
o | N X % | IPC (Uniform), c = 2.5 dB
) \: | ‘ ‘
=
- .
o}
N -
£
/7]
o
£
o
%)

Average number of slots per sector



Nurnericzal Resulis

UNIVERSITY,r
NORTH TEXAS

SF =16

IPC (Uniform), c = 2.5 dB

1 0;_ ,,,,,,,,,,,,,, woan - —— PPC (Gaussian), s =0dB |
| \ 5 —*— |PC (Gaussian), c = 1.5 dB
| % YA | —*— |PC (Gaussian), c = 2.5 dB
| | \ | | —4— PPC (Uniform), 6 = 0 dB
o . ‘“\ A U —<— IPC (Uniform), s = 1.5dB |’
| v X
gk S o Mo .

SIR threshhold in (dB)

Average number of slots per sector
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SF=4
—+— PPC (Gaussian), c = 0 dB
—*— |PC (Gaussian), c = 1.5 dB
—k— |PC (Gaussian), c = 2.5 dB
—+4— PPC (Uniform), c = 0 dB
—<— IPC (Uniform), c = 1.5 dB
IPC (Uniform), c = 2.5 dB
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SIR threshhold in (dB)
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Average number of slots per sector
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* The SIR threshold for the received
signals is decreased by 0.5 to 1.5 dB
due to the imperfect power control.

* As expected, we can have many low
rate voice users or fewer data users as
the data rate increases.

°* The determined parameters of the 2-
dimensional Gaussian model matches
well with the traditional method for
modeling uniform user distribution.
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Questions?
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