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Abstract—The  Uplink  Synchronous  Transmission
Scheme [1], is a technique used by operators, that exploit
the uplink orthogonality, to reduce multiple access
interferences in uplink direction and consequently to
increase uplink capacity. The USTS gives better
performances when we have an ideal case presented by
no channelization code restrictions per scrambling code.
In reality, channelization codes are limited. To resolve
this problem, several scrambling codes are used to admit
more users in the cell. However, the use of different
scrambling codes increases the multiple access
interference and consequently decreases uplink capacity
gain, since signals transmitted by users under different
scrambling codes are non-orthogonal. To obtain more
performances and therefore to increase the uplink
capacity gain, we will study the introduction of a multi-
user detector for interferences cancellation, in uplink
synchronous mode. For that, two values of interference
cancellation efficiency g of the multi-user detector are

considered. In this study, only the multiple access
interference is reduced. To show the effect of other-cell
interferences on uplink synchronous mode capacity, two
scenarios are considered: an isolated cell and a multiple
cell network.

Index Terms—Uplink  Synchronous  Transmission
Scheme (USTS), Multiple Access Interference (MAI),
Uplink orthogonality, channelization code (CH_C),
scrambling code (SC_C), multi-user detectors (MUD),
interferences cancellation (IC), other cell interferences,
uplink capacity.
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|. INTRODUCTION

In a WCDMA system, the capacity is strongly limited
by multiple access interferences. So reducing these
interferences leads to improve the cell capacity. For this
purpose, several methods have been proposed. Among
them: multi-user detectors, power control, uplink
synchronization, etc...

In this paper, we will examine the impact of IC
receiver efficiency, on uplink synchronous mode, in
terms of capacity, and we will compare the performances
obtained with the uplink asynchronous mode.

To separate the physical channel in uplink
conventional asynchronous mode, each user in the cell
uses a different scrambling code. These signals, which
use different orthogonal channelization codes, arrive
synchronously at the Node B.

In Uplink Synchronous Transmission Scheme, all users
in the own cell share the same scrambling code and can
be separated at the base station, since they use orthogonal
channelization code. In fact, the uplink capacity is limited
by the maximum number of channelization codes (walsh
codes). To overcome this limitation, different scrambling
codes are introduced in the own cell: each scrambling
code can serve a maximum of 50 users.

The introduction of multiple scrambling codes
eliminates the constraint on the maximum number of
channelization codes, however, this leads to an increase
in MAI since signals transmitted under different
scrambling codes are not orthogonal.
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This paper is organized as follows. Sections Il discuss
the effect of MUD receiver on the uplink conventional
asynchronous mode. A theoretical analysis of the
capacity and the effect of other cell interferences, when
MUD receiver is introduced in uplink synchronous mode,
are presented in section IllI. Simulation results and
discussions are presented in section IV. Concluding
remarks are discussed on section V.

I1. APPLICATION OF MUD RECEIVER ON UPLINK
ASYNCHRONOUS MODE

The minimum quality of service, En/No, required for a
user (i) in uplink direction [2], without using a multi-user
detector MUD [3, 5, 9, 12, 14, 17], for interferences
cancellation IC [4, 10, 11, 13], can be expressed as:
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Where:

= P, is the received power from the user (i), at the
Node B

= W is the chip rate.

= Risthe bit rate.

= N is the number of users in the cell.

* P is the total intracellular received power at the
Node B. It depends on user’s distribution in the
cell and on the propagation conditions.

=  Pyis the thermal noise power at the Node B.
N

> P
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LI - Potter _ =t is the other to own cell
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interference factor.

= Py, jisthe received power at the Node B, for a user
() connected to another base station.

= Poner iS the total received power at the Node B,
from users connected to neighboring cells in
uplink direction. In fact, there is a big difference
between Uplink and downlink inter-cell
interference. The value of inter-cell interference in
Uplink, is the same for all users in the same cell,
as their receptors are located in the Node B.
However, in downlink, a user located far from the
Node B receives more inter-cell interference that
one located near to the Node B.

Suppose that, after applying the IC receiver, we can
eliminate a B fraction of intracellular interference seen by

a given user, anywhere, where 0 < f <1, [15]. f=0
represents no interferences cancellation and £ =1

represents perfect cancellation of interferences.
At the reception level, the link quality equation
becomes:
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_Ww P
=

PN JrPown fUL+(Pown 7Pr|)(17ﬂ) (2)

Consequently:
P _ (1_ﬂ+ fUL)Pown+PN

" E\iv +@-p) @)

R

With:

N 1
PN w
i=1 N S +1
b)) R.v.
_— NNO). iV (4)
1
1_(1+ fUL)E W—
=1 E +1
by R.v.
NO)I IVI

The received power of the mobile station at the Node B
is expressed as:

p - Py
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And the cell loading factor [16, 18, 19], can be
calculated as:

N
o =Q=B+fy )ZW;
e +(1-p5)
L) Ry,
No (6)
Therefore, the Noise Rise factor will be:
NRo_ L - 1 .
Fla 1-0-pey,) -
-A+g
7b)i Rivi
Ny )

I1l. APPLICATION OF MUD RECEIVER ON UPLINK
SYNCHRONOUS MODE
A. Case of a multi-cell network

In uplink synchronous mode, the link quality equation
can be expressed as [6, 7, 8]:

1.J. Information Technology and Computer Science, 2016, 6, 21-27



Capacity Enhancement by Using a Multi-User Detector on Uplink Synchronous Mode 23

5 _ psyncj (8)
NO Plot - Nj psyncja
Where,
Py - 1S the received power from a user under a

scrambling code j.

P, - is the total received power at the base station.

Nj . is the number of users under a scrambling

code j.
a : is the uplink orthogonality factor.

Where,
Pot = @+ fu ) Poun + Py )
And,
J
I:)own = Z Nj psyncj (10)
j=1
From equation (8), the following expression is
obtained:
@+ f, )P, + Py 11
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+ N o
SR
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Consequently,
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Since the Noise Rise factor is written as:
NR = Pt (13)

Therefore, for a synchronous mode scenario, the last
expression becomes:

(14)

NR = 1

J
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Consequently, the cell loading factor is:

Copyright © 2016 MECS

o = @+ fUL)ZW—
i=t o +a

7bRNJ
N,

When MUD receiver is introduced in synchronous
uplink direction, the link quality equation becomes:

Eb pSY”Ci (16)

No - (17ﬁ+ 1:UL)Pown 7(17ﬁ)Ni pSYm?iaJr PN

By following the same stapes presented in section 2,
the Noise Rise can be calculated as:

17)
NR = 5 1 I
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And the cell loading factor is:
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B. Other cell interferences effect on uplink capacity

In this section we will compare the Noise Rise factor
obtained in two scenarios: an isolated cell and a multi-
cell network. In the case of a multi-cell network scenario,
the expression of NR is presented in equation (17).
Therefore, in the case of an isolated cell, when f, =0, the

NR is given by:
(19)
NR = — 1 I
1— Z W
i=1 + o
= RN
N, !
When MUD receiver is used, NR factor becomes:
(20)
NR = 5 1 1
1-A-A,
He T ral-p)
Es kN
N, !

IV. SIMULATION AND RESULTS

We have considered in this study a micro cellular
environment with the following parameters:
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R=12.2 kbit/s, Ex/No=5dB, v=0.67, fu.=0.67, o =0.6.

Figure 1 illustrates the Noise Rise factor as a function
of the number of users for three modes: asynchrone,
synchrone with no CH_C restrictions per scrambling
code and synchrone with a maximum of 50 users per
scrambling code.
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Fig.1. Variation of Noise Rise factor as a function of the number of
users for asynchronous and synchronous modes

From this figure, we can note that, the Noise Rise in
the case of asynchronous mode increases rapidly, while it
increases slower in the case of synchronous mode. The
two curves of synchronous mode are identical up to 50
users, however, above 50 users, it is observed that the
Noise Rise in the synchronous mode with a maximum of
50 users per scrambling code increases much faster than
the case of synchronous mode with no code restrictions.
This difference is due to the increase of multiple cell
interferences MAI when using different scrambling codes,
since the orthogonality factor is not obtained in this case.
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Fig.2. Variation of Noise Rise factor as a function of the number of
users for asynchronous mode and synchronous mode with no CH_C
restrictions, without and with application of MUD.

The figure 2 shows the variation of Noise Rise as a
function of the number of user, for a conventional
asynchronous mode, and for synchronous mode when no
codes restriction is considered, with and without
introducing MUD receiver.

According to figure 2, it is observed that, for to NR=4
dB, the cell capacity obtained in a synchronous mode is
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better than the one obtained in a conventional
asynchronous mode. In addition, the introduction of
MUD receiver with a high value of [ gives better

performances, and the capacity gain increases.
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Fig.3. Comparison of Noise Rise factor as a function of the number of
users for asynchronous mode and synchronous mode with no CH_C
restrictions and with a maximum of 50 CH_C per scrambling codes,

without and with application of MUD for two values of S .

In reality, the maximum number of CH_C per
scrambling code is limited, thus, a maximum of 50 users
is affected for each scrambling code. We compare in
figure 3, the capacity obtained when we have a maximum
number of CH_C per scrambling code, with the one
obtained when we have no constraint on the maximum
number of synchronized UEs per scrambling code, for
different scenarios.

It can be noticed that, above 50 users, the capacity
obtained in the case of synchronous mode with codes
restrictions is lower than the one obtained in an ideal case.
That is true for the two scenarios: with and without MUD
receiver.

In addition, the best capacity is obtained when a MUD
receiver is considered with a value of 3 =0.7.

During the planification phase, mobile operator can
determine the uplink cell capacity basing on the Noise
Rise factor or the cell loading factor.
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Fig.4. Comparison of cell loading factor as a function of the number of
users for asynchronous mode and synchronous mode with no CH_C
restrictions and with a maximum of 50 CH_C per scrambling codes,

without and with application of MUD receiver for two values of .
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The results related to figure 4, show that, for 7, =0.6,

we have the same interpretation seen in the Noise Rise
figure.

In figure 5, we have compared the effect of a MUD on
a conventional asynchronous mode and on the two cases
of synchronous mode: with and without CH_C code
restriction.
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Fig.5. Comparison of Noise Rise factor as a function of the number of
users when a MUD receiver is introduced on asynchronous mode and in
the two cases of synchronous mode.

Simulation results demonstrate that the Noise Rise in a
conventional asynchronous mode, increases faster than
the Noise Rise obtained in the two cases of synchronous
mode, with application of MUD receiver. Above 50 users,
the gain of capacity is more important when no constraint
on maximum synchronous users per scrambling code is
considered. Consequently, the application of MUD
receiver in the ideal case of synchronous mode is more
efficient than in the case of asynchronous mode.

To illustrate the effect of other cell interferences on
uplink capacity in synchronous mode, we represent in
figure 6, the variation of Noise Rise factor as a function
of the number of users for two scenarios: an isolated cell
and a multiple cells network.
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Fig.6. Effect of other cell interferences on Noise Rise factor, in uplink
synchronous mode, when a maximum of 50 synchronized users per
SC_C is considered.

From this figure, we denote that for a given value of
NR, the cell capacity attained in the case of a multi-cell
network is very low in comparison with the one obtained
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in the case of an isolated cell. This means that the other-
cell interferences have a negative effect on uplink
capacity in synchronous mode. That is due to the fact that
only the own cell interferences is reduced on uplink
synchronous mode, and as a result, the gain of capacity
decreases when the other cell interferences become
dominant.
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Fig.7. Comparison of the effect of other cell interferences on Noise Rise
factor, in the two cases of uplink synchronous mode.

For the two types of uplink synchronous mode, we
notice according to figure 7 that, above 50 users, the
biggest capacity is the one obtained in the case of no
constraint on the maximum number of synchronous users
per scrambling code, when an isolated cell is considered.
When a MUD receiver is introduced, we can deduce from
figure 8 that the biggest capacity is the one obtained with
B=0.7 ,in the case of an isolated cell.

10
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—&— synchronous mode vith MUD (beta=0.4) in an isolated cell
9 [l —— synchronous mode with MUD(beta=0.7) in a muit-cell netvork
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Fig.8. Comparison of the effect of other cell interferences on Noise Rise
factor, in the two cases of uplink synchronous mode, when a MUD
receiver is introduced.

V. CONCLUSION

In this paper, we have studied the effect of the uplink
synchronous mode on the uplink capacity in comparison
with a conventional asynchronous mode. We have shown
that in uplink synchronous mode with no channelization
codes restrictions per scrambling code, we get better
performances in terms of capacity.
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In addition, we have studied the impact of a MUD
receiver on uplink synchronous mode. We have noticed
that in comparison with it application on an asynchronous
mode, the introduction of MUD on synchronous mode
gives better capacity. The performances of MUD receiver
and thus the capacity gain increases when the value of [
is higher.

On the other hand, we have studied the effect of the
other cell interferences on uplink capacity for a
synchronous mode. The simulation results showed that
the gain of capacity decreases when the other cell
interferences become dominant.
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