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.

Wideband Code Division Multiple Access (WCDMA) is the third

generation (3G) mobile cellular communication system.
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The attractive features of WCDMA is the very high data rate (up
to

2 Mbps) to support multimedia services (voice, video, internet)
and the

internetworking with Globate System For Mobile Communication
(GSM)

and General Packet Radio Service (GPRS). In addition WCDMA
has

certain performance benefits, such as increased multipath
diversity [1]. In

network planning, parameters estimation are the key factors in
the

network planning phase (e.g., Large area coverage, highest
capacity per

km2, soft capacity (Enlarge capacity), tracking efficiency and
blocking

probability.

The link budget of WCDMA (3G) have some specific parameters that
are

not used in GSM (2G). The most important are:

- Interference-margin: is needed in the link budget because of
the

loading of the cell, the load factor affects the coverage, the
more loadingis allowed in the system the large is the interference
margin needed in the

uplink and the smaller is the coverage area. For coverage
limited cases,

smaller interference margin is used (1-3 dB) corresponds to
20-50%

loading. While in a capacity limited cases a larger interference
margin isused.- Fast fading margin (= power control headroom): Some
headroom is

needed in the mobile station (MS) transmission power for
maintaining

closed loop fast power control to effectively compensate the
fast fading

[1]. Typical values of the fast fading margin are 2-5 dB for
slow moving

mobiles.- Soft handover gain: Handover (soft or hard) gives gain
against slow

fading (Log normal fading) by reducing the required Log-normal
margin.

Since slow fading is partly uncorrelated between the Base
Stations (BSs),

by making a handover, the mobile can select a better BS. Soft
handover

gives an additional macro diversity against fast fading by
reducing the

signal power to noise power (Eb/No) relative to a single radio
link. The

total soft handover gain is assumed to be between 2-3 dB in the
example

below including the gain against slow and fast fading.

Three examples of link budgets are given for typical universal
mobile.

Telecommunication Services (UMTS) which implements WCDMA.

- 12.2 kbps voice service using adaptive multirate (AMR) speech
codec.

- 144 kbps real time data.
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- 384 kbps non-real time data.

In the urban macro-cellular environment at the planned uplink a
noise rise

of 3 dB and interference margin of 3 dB is reserved for the
uplink noise

rise. The assumptions are in the link budget [2] for the
receivers and the

transmitters are shown in tables 1 and 2.

Maximum transmission

power

21 dBm (0.125

W)

24 dBm (0.25

W)

Antenna gain 0 dBi 2 dBi

Body loss 3 dB 0 dB

Noise figure 5 dB

Antenna gain18 dB (3 sector Base

Station)

Eb/No

Speech 5 dB

144 kbps real time data 1.5

dB

384 kbps non time data 1

dB

Cable loss 2 dB
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Once the maximum allowed propagation loss in the cell is
known,

then applying propagation model for cell range estimation.
The

propagation model is chosen so that it is optionally describes
the

propagation condition in the area. The restrictions on the model
are the

carrier frequency used, BS to MS distance, BS and MS antenna
heights.

For urban and suburban macro-cellular system Okumura-Hata

propagation model is used [3][4].

1010

1010

55.6

)(82.13

(1)

Where:

LPUA: is the path loss in urban area (dB).

f : is the carrier frequency (MHz).

hb: is the base station antenna height (m).

hm: is the mobile station antenna height (m).

A = 46.3 dB.

B = 33.9 dB.

C = 44.9 dB.

R = the cell range radius (km).

a (hm) is a correction factor for the mobile antenna height
0.

For urban macrocell, f = 1950 MHz, hb = 30 m, hm = 1.5 m,
noise

rise = 3 dB (corresponds to 50% loading, interference margin of
3 dB for

the uplink.

10

2.354.137 (2)

The path loss for suburban area is by adding a correction factor
of 8

dB to the LPUA [1].
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For the allowed path loss [1] in the case of voice and data, the
cell

coverage range is calculated and the results are shown in table
3.

Urban Voice 12.2 141.9 1.34

Data 144 133.8 0.79

SuburbanVoice 12.2 141.9 2.27

Data 144 133.8 1.33

The theoretical spectral efficiency of a WCDMA can be
calculated

using equation (3) below:

1

../1

1.1

(3)

Where:

UL: is the load factor for the uplink.

Eb/No: is the signal energy per bit divided by noise spectral
density

that is required to meet a predefined block error rate.

N: number of users per cell.

W: CDMA chip rate (chip per sec.).
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Rj: bit rate of user j.

j: activity factor for uses j and is 0.67 for voice and for
data.

The i factor depends on propagation environment, overlapping

cell areas, the number of sector in the base station, the
traffic intensity

and its distribution, as well as on the distance to the serving
and

interfering cells [6].

For voice service network, where all users in the cell have low
bit

rate (R) i.e.

1.R.N/E

W

oD

and hence equation 3 is simplified to:

)i1(..N.R/W

N/E obUL (4)

The noise rise is defined in [5] as:

1

1 (5)

UL10 1Log10riseNoise (dB) (6)

The load equation (4) is used to make a semi-analytical
prediction of

the average capacity of WCDMA without going into system
level

simulation. Equation (6) can be used to predict cell capacity
and noise

rise. From equation (5) it can be seen that as UL becomes close
to one,

the corresponding noise rise approaches infinity and the system
has

reached its pole capacity.

For noise rise calculation, the value of Eb/No is different for
different

data rate as given in table 4.
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12 kbps 64 kbps 144 kbps 328 kbps

Eb/No 5.1 dB 1.7 dB 0.9 dB 1 dB

A sample of calculation: For speech, Eb/No = 5.1 dB, W = 3.8
Mcps,

R = 12.2 kbps, N = number of users, i = 0.65 for voice, V = 0.67
for voice

and 1 for data. Using equations (3) and (6) the results are
shown in figure(1).
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Figure (1) shows the noise rise versus the number of users
for

different data rate. It can be seen for figure (1) that for
constant noise rise

value, the number of users decreases for higher bit rate.

Throughput is defined as:Throughput = N*R (7)

Where, N is the number of users and R is the bit rate.

Figures (2-a) and (2-b) show the variation of noise rise
with

throughput for different interference level (i), for voice (12.2
kbps) and

data (64 kbps) which show that as interference increases the
noise

increases and system capacity decreases.
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The downlink load factor DL can be defined similarly as for
the

uplink although the parameters are slightly different [1] [2]
[5].

jjj

obN

1j

jDL i1.R/W

N/E.v

(8)

Comparing equations (7) and (3), j is the most important new

parameter which represents the orthogonality factor in the
downlink,

typical j is between 0.4 to 0.9 in multipath radio channel. In
downlinkthe value of i depends on the user location and therefore
is different for

each user j. The load factor can be approximated by the average
value

across the cell.

i1.

R/W

N/E.

j

jobN

1j

jDL

(9)

The minimum required transmission power between the base
station

transmitter and the mobile receiver is the average path loss L
and themobile receiver sensitively in the absences of multipath
access

interference. The effect of noise rise interference is then
added

to the minimum power, and the total represents the
transmission

power required for the user at an average location in the cell.
Therefore

the total base station transmit power can be represented.

DL

j

jo

bN

1j

jrf

1

R/W

N

E

.L.W.N

PTx.BS

(10)

Where:

BS. Tx p: is the highest transmit power of base station.

Nrf is the noise spectral density of the mobile receiver
front-end.
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NFKTN rf

(11)

174 (12)

Where:

K: Boltzmans constant 1.381 10-23

J/K.

T: the temperature in Kelvin (assuming T = 290 k).

NF: the noise figure, typical range 5-9 [1].

L : average path loss (minimum power level required by
user).

- Assuming the required aggregate cell throughput in kbps.

- Using the load factor DL from equation 9, then throughput
is:

RLRNThroughput (13)

Where:

R is the bit rate (bps).

BLER is the block error bit.

- Using equation 10, the average path loss L can be
calculated.

- The maximum path loss is calculated by adding 6dB from
[6][1]

which is the difference between maximum path loss and
average

path loss.

BS. Tx P 20 W 20 W

NF 7 dB 7 dB
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W 3.84 Mbps 3.84 Mbps

Vj

Down Link: 0.581

Uplink: 0.67

Eb/No 7 dB 5 dB

R 12.2 kbps 64 kbps

I 0.65 0.65

BLER 1% 10%

Maximum versus

average path loss6 dB 6 dB

- The results are plotted as shown in figures 3 and 4.Figure (3)
is throughput versus maximum path loss, and figure (4) is

for the number of users versus maximum path loss both are for
data of

64 kbps. It can be noticed in both that the load affects the
coverage but is

not the same for UL and DL. In the DL the coverage depends in
thedownlink, since in the downlink the power (20 W) is shared
between the

downlink user, the less power per user. Therefore even with low
load in

the DL, the coverage decrease as the number of users (or
throughput

increases).
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When the amount of traffic increases, the downlink capacity can
be

upgraded in a number of ways [1] [6].

- More power amplifiers if initially the power amplifiers is
splitbetween unknown sectors.

- Two or more carriers if the operator frequency allocation per
units.

- Transmit diversity with a second power amplifier per
sector.

The uplink coverage is not affected by these upgrades.

Providing higher capacity is challenging in urbane area (i.e.
traffic

per km2 can be very high).

For macrocell layer assuming maximum capacity per site per
carrier

is

3 Mbps with three sectors, the maximum capacity with maximum
site

density of

5 sites / km2; with three carriers.
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Maximum capacity = number of carrier maximum capacity
persite

per carrier maximum dense site density.

Maximum capacity = 3 3 5 = 45 Mbps/km2

when capacity inneeded but with increased macro site density of
e.g. 5 sites/km

2the

maximum site density is 45 Mbps.

For microcell layer with 30 site / km2.

Maximum capacity = 3 2 30 = 180 Mbps/km2.

The number of channels per cell is calculated for different data
rate,

as in figure (1). Based on these figures, the maximum traffic
density is

defined as:

ratedepartureCall

ratearrivalCalldensityTraffic (14)

Where: traffic density is in Erlarg.

Call arrival rate and call departure rate both are in calls /
sec.

If the capacity is hard blocked i.e. limited by the amount
of

hardware, the Erlarg capacity can be obtained from the Erlarg B
model

[8]. If the maximum capacity is limited by the amount of
interference in

the air interface it is a soft capacity and there is no single
fixed value for

the maximum capacity.

Soft capacity is important for high bit rate real time data
users

(e.g. for video connections). In the soft capacity calculations
below, it is

assumed that the number of subscribers are the same in all
cells, but theconnection starts and ends independently. The call
arrival interval is a

Poisson distribution.

For WCDM soft capacity is defined in equation (15) below as:

1BlockingHardwithCapacityargErl

BlockingSoftwithCapacityargErlCapacitySoft (15)

Soft capacity for the uplink can be approximated based on the
total

interference at the base station. This interference includes
both own cell
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and other cell interference. The total channel pool is obtained
by

multiplying the number of channels per cell for equally loaded
case by (1

+ i) , which gives the single isolated cell capacity [1][8],
since:

1ceInterferenCellOwnceInterferenCellOther1i (16)

The basic Erlarg B formula is then applied to the larger channel
pool

(interference pool).

- The Erlarg capacity obtained is shared between the cells.

The soft capacity estimation procedure is as follows:

- Calculating the number of channel per cell (N) (for equally
loaded)

based on uplink load factor using equation (4).- Multiplying the
number of channel by (1 + i) to obtain the total

channel pool in the soft blocking case.- Calculating the maximum
offered traffic for the Erlarg B formula.

- Dividing the Erlarg capacity by (1 + i) uplink soft
capacity

calculations:

Using the same values of Eb/No, W, R and as in paragraph 3.1
forthe uplink load factor, assuming equally loaded cells. Also the
3 dB noise

rise corresponds to 5.0UL (50% kbps load) and 6 dB noise
rise

corresponds to

0.75 (75% load) [1].

For 3 dB noise rise, 5.0UL , using equation 3; the number of
users

(N) is found to be 44.5.

2. For the value of N = 44.5 and blocking probability of 0.02,
the hard

blocking probability is 34.5 from Erlarg B tables [6].

3. Trunking efficiency is defined in [1] as:

ChannelsofNumber

CapacityBlockingHardefficiencyTrunking (17)

%785.44

5.35

4. The number of channels per cell = N (1 + i) = 73.5

5. Soft blocking: Soft blocking is calculated by substituting N
(1 + i)

in Erlarg B table and dividing the (1 + i).

6. Soft capacity is calculated using equation (18) below:
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i1BlockingSoft

CapacitySoft

%8 (18)

12.7 74 35 78% 38.1 8%

32 40.5 17 69% 5.4 14%

64 22 7.5 56% 9 20%

144 11.3 2.8 41% 3.6 22%

384 4.5 0.5 18% 0.84 68%

From table 6, it can be observed that for increased values of
bit rate,

the number of channels per cell, hard blocking, trucking
efficiency, soft

blocking their values decreases, while soft capacity increases
this is so if

the radio resource management can utilize a high capacity in one
cell if

the adjacent cells have lower loading.

The various design parameters have been estimated for different
data

rates (12.2 kbps to 384 kbps for voice and video application).
The

essential concluding remarks as:

- The cell range decreases with increasing data rate in urban
and

suburban areas.

- Noise rise increase with increasing number of users
(orthroughput).

- For a given number of users (or throughput) the noise rise
increase

with the interference factor (i).

- Cell loading affect the coverage range in the down link more
than

the uplink.
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- With increasing bit rate the number of channels per cells,
hard

blocking, soft blocking, and trucking efficiency all
decrease.

- Soft capacity increase with higher bit rate.
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