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ABSTRACT

This research introduces the new method of = timeslots management on Air-Interface. That can
switch two types of traffic channel automatically, between full rate and half rate channel, when BTS
needs a lot of timeslots to assign every mobile stations or congest situation. While BSC gets some
measurement parameters from itself and from mobile stations to analyze and decide to upgrade or
downgrade speech quality by increasing or decreasing speech coding bit rate for the best efficiency. By
this method, congestion of mobile stations and low burst signaling quality problem on Air-Interface
will be solved. Moreover, it can decrease the cost and increase the benefit for service provider,

only a few measurement parameters are added to database in BSC and calculated.
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5 {JM 0s Experiment 1b - Test Results
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GSM Channel Management Using Cell Load Dependent
Technique on Air-Interface
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Abstract

In congest situation, some mobile subscribers are
disconnected from network due to network handle
capability is limited by the cellular networks. Although,
resource expansion had done to satisfy the demand supply
Jor more mobile subscribers. Cell load dependent
algorithm is a channel efficient method to increase
network handle capability for the cell site having high
traffic peaks. By this feature, half rate channels are only
assigned during traffic peak hours, a flexible assignment is
provided. Before assigning a channel, the BSC checks the
percentage of busy channels and then BSC handles the
threshold comparison, evaluation and assignment of the
half and full channels to their networks. During non-peak
time, we can offer higher speech quality via only full rate
channels. When cell load dependent mechanism had been
activated, the adaptive multirate for half rate channels
mechanism will be activated automatically.

Key-Words: peak time, congestion time, physical channel,
dedicated packet access, GOS

1. Introduction

Mobile stations communicate to base stations by using
physical channels on Air-Interface. The numbers of total
channels per cell site depend on the numbers of TRXs
assigned by network provider. Capacity assignment is a
very important factor of radio network planning because of
in high capacity network will have to use high cost to
implements or if we try to take lower cost, network will be
able to handle lower capacity. That mean in some congest
or peak time, that moment network could not provide
service for the subscriber. Cell load dependent used to
increase cell capacity while additional equipments and
increasing of cost is not necessary. But it is needed to load
newer software version into the BSC before new technique
had been activated. There are two main casec of our
problem as below.

1.1 Busy of traffic channel in peak time

Congestion time often occur in short period in a same
time each day or may occur in special event such as great
concert. In peak time mobile subscribers may be unable to
attach traffic channel due to BSC can not search idle traffic
channel in coverage area include internal cell site and
neighboring cell sites from neighboring cell list.

The sequences of the channel request have shown as
figure 1. when mobile subscriber requests for traffic
channel then BSC will find some idle traffic channel for
mobile subscriber. If it can’t find some idle traffic channel
from its cell site which this mobile subscriber stays in, it
has to look for some idle traffic channel from neighboring
cell and then MS tries to hand over to use another traffic
channel in new cell site.

Fiegure 1. Sequence of channel request

Resolve the busy traffic channels in cell sites on peak
times as try to change channel type from full rate to half
rate traffic channel, it means one channel can be handled
two mobile subscribers in the same time. But, whenever
we change BSC database’s parameters, we have to
reactivate new value in BSC database and network will not
be able to serve for a few minutes to a half hour. This takes
an effect to every mobile subscriber which coverage by
present BSC.

1.2 Channel quality for half rate channel

After the handover procedure had done due to
searching of idle traffic channel within its own cell site
was fail. The next usually procedure tries to change some
full rate traffic channels in its own cell site with congestion
had occurred to half rate traffic channel type. When half
rate channels had used, speech quality will be decreased
due to speech coding bits rate and channel coding bits rate
had reduced. This takes an effect directly to mobile
subscribers because the quality of voice will be degraded.

2. Cell Load Dependent

In this section, we will present the different aspect of
the cell load dependent as well as the prerequisite to enable
this functional in the existing GSM network. This feature
optimizes radio resources by allowing the allocation of half
rate channels for cells having high traffic



peak while offering the subscriber considerably improved
network quality during non-peak hours. Since half rate
channels are only assigned during traffic peaks, a flexible
assignment is provided. During non-peak hours operators
can offer higher speech quality to their subscribers via full
rate channels. The cell load dependent technique shown as
figure 2. in terms of efficiency, half rate channels should
only be realistically allocated during high traffic peaks in a
cell, when additional capacity is needed. This feature
supports automatic assignments of half rate channels when
the number of available full rate channel goes lower than a
predefined threshold. Before assigning a channel the BSC
have to checks the percentage of busy channels. This
percentage is compared with the threshold and if it is equal
or below the limit, a full rate channel is assigned, also in
case of half rate preferred command from MSC. If the ratio
is above the threshold the BSC assigns half rate channel
whenever possible. The BSC handles the threshold
comparison, evaluation and the assignment of the full rate
and half rate channels.

Figure 2. Cell load dependent technique

2.1 Functional requirement

First, the cell load dependent could be supported for all
circuit switched in GSM network, include emergency ecalls
except Dedicated Packet Access (GPRS and UMTS are for
further study). Then, requirement of hardware expansion
and additional cost are not needed. Finally, mobile
subscribers should support half rate speech coding
procedure.

2.2 Normal speech seizer

Whenever the mobile subscriber purposes to use
physical channel, they send the channel request message to
MSC then MSC send assignment request back to BSC, for
this time BSC has to find only idle full rate or half rate
channel from its cell site depending on the network
condition. If this searching mechanism is successful, BSC
send channel information to mobile subscriber to make
channel seizer procedure. But when this searching
mechanism fails, BSC has to make disconnecting
procedure. For cell load dependent technique, it’s not
necessary to assign half rate channels in each cell sites.
Dual channel, the new channel type has to use instead of
half rate channel. In GSM recommendation, for one TRX
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there are eight timeslots and first TRX there is at lease one
timeslot reserved for broadcast control channel. Then there
are at most seven timeslots for traffic channels. With this
technique, we only use full rate and dual rate channels. The
total numbers for each type are depending on service
provider sitting.

2.3 Adaptive Multirate

The Adaptive Multirate (AMR) 1s constituted by a set
of speech codec modes at different bit rates. Each codec
mode provides a different level of protection against radio
transmission errors. This is obtained by varying the
balance between the speech coding bit rate and channel
coding bit rate. Advantages derive mainly by the fact that
AMR is an adaptive feature, i.e. it permits to change
dynamically codec mode according for adaptation to radio
conditions of the physical channel. For good radio
propagation, a high speech bit rate can be adopted to
obtain optimum speech quality, while for bad radio
conditions an adequate rejection of transmission errors can
be achieved by adopting a high channel coding bit rate.
With AMR the changes among codec rates are done
according to a codec adaptation algorithm. This algorithm
is based on channel quality measurements, performed in
the base station and in the mobile subscriber. The
adaptation algorithm uses some thresholds in order to
decide when switching from current codec mode to another
codec mode have to be performed. Both techniques will be
adopted to solve traffic congestion problem. Whenever the
cell load dependent is activated, the adaptive multirate
mechanism will be activated automatically.

3. Analytical results

For our experimentation, we choose one base station
from network and adopt cell load dependent mechanism to
it. While congest situation often occurs on the same time in
each days. We take consideration values from BSC to
calculate by using mathematics procedure and analyze
them to see the resuit.

3.1 Additional physical channel

For our consideration cell, there are 3 TRXs in cell site
and 3 signaling channels in this cell. On the first TRX, it
consists of '1 MBCCH channel, 1 SCBCH channel, 1
SDCCH channel and 21 traffic channels. In 21 traffic
channels, we separate to 11 full rate traffic channels and 10
dual rate traffic channels. In non-peak hour, all of dual rate
channels will be served full rate to obtain optimum speech
quality. But in peak hour and the percentage of busy
channel value reaches the threshold value, some dual rate
channels will be changed to half rate channels type
depending on level of percentage of busy channels value.
In case of very badly situation, all of dual rate channels
will be changed to half rate channels immediately. That
mean we get 31 traffic channels both of full rate and half
rate channels in peak hour. For this algorithm we get 47%
additional of traffic channels in congestion period from
normal case.



3.2 Traffic handle capability

Traffic handle capability per cell site is depending on
the maximum number of traffic channels per cell that is
closely related to an average calling time in the system.
The standard user’s calling habits may change as a result
of the charging rate of the network provider and the
general income profile of the users. If an average calling
time per hour T is 7.5 min and the maximum calls per hour
per cell is Q;, then the offered load per cell per hour can be
derived as

A:Qj'T.S (1)
60

The maximum number of calls per hour can be taken
care of in each cell.

0,=Y0, (2)

=1

Where n is the number of consideration cells. When we
design a network, the traffic conditions in the area during a
peak hour are some of the parameters that will help to
determine both the sizes of different cells and the number
of channels in them. Where 7. is the average one call per
mobile subscribers. The total allowed subscriber traffic M,
can then be obtained.

M 9 (3)

1
1,

For our study, we assume that the users calling habit
are usually making 3 calls per hour in average 2.5 minutes
per each calling time. We set the grade of service to 2%
GOS and in normal situation we have 21 full rate traffic
channels in our resource. Then offered load is 14 erlangs
for this cell site and from above information we take them
into equation (1) we consider the offered load per one user.

4, N3 (4)
60

From equation (4) we can take offered load per one

user is 0.125 erlangs. The total number of calls per hour in
a cell can be calculated by equation (5).

et (5)

From equation (5) we can get the total number of calls
per hour is 112 calls. In normal situation there are around
6-7 erlang load in this considering cell site, but in peak
time the traffic load sometimes rises on to 17-18 erlang per
hour. When the cell load dependent is activated, there are
31 traffic channels being assigned in this cell by the 11
channels are full rate and 20 channels are half rate. From
this mechanism, we can get 31 traffic channels in our
resource. If the calling habits of users are not change and
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GOS is still 2% used. The offered load is now increasing to
22.8 erlang or 182 calls per hour. In figure 3. shows the
traffic load characteristic curve of the considering cell site.
For normal situation the traffic load stayed around 5-6
erlang whenever the congest situation occur the traffic load
rose up to 18 erlang in 16.10 pm. In this short period, there
are some customers can not make a call in its own cell.
However, if those mobile subscribers can not make a
handover procedure, they will be disconnected from BSC
and they have to try to make a call again.

Traffic load
Period . 10-02-03 6:00:00 to 10-02-03 23:00.00

Figure 3. Traffic load characteristic curve

Whenever the total number of traffic channels had been
increase, the offered traffic load will be also increase as
well. Figure 4. shows the offered traffic load curve when
the total number of traffic channels are increased. We
found that more traffic handle capability can be increase
by additional traffic channels. This is a one way out to
solve the congestion in our peak-time.

Offered load (Erang)

2 22 23 24 25 26 27 28 29 30 M

total number of traffic channels

Figure 4. Offered load in difference case

3.3 Channel blocking rate

This is a very important factor in the mobile cellular
network service. Channel blocking rate is refer to
probability of mobile originating call (MOC) will be
blocked. Because of not having available traffic channels
resources in the network. For this mathematics analysis,
we assumption that the users in network are infinity, the
total number of user’s calling is likely poisson distribution,
calling time for each user is likely negative exponential
distribution and the available traffic channels are limited.
When we know the offered load per cell per hour A4 and the
total number of available traffic channels C. Then in



normal situation, the measured average traffic load is 7
erlang. We can find percentage of channel blocking as

721

PTi )
1 7&

S

Pr[blocking|= >

The calculated channel blocking rate is 0.00099%. By
the same technique, for congest situation the 8.559%
channel blocking rate has calculated from equation (7). We
find that when the congest situation occur, the blocking
rate is exceed our 2% limit. The blocking rate can reduce
by increasing more traffic channels into this cell site. The
cell load traffic mechanism dependent is adopted.

I 82[
Pr[b!ockmg]— 21 I'

o

k=0

(7)

Figure 5. shows the comparison of percentage of
blocking rate between old service and new service during
the same place, time and situation but we scparate the
experimentation into 2 days. First day, we do not activate
cell load dependent technique and the second day the cell
load dependent had been activated. When the cell load
dependent had been activated, the total numbers of traffic
channels are rise up to 31 channels and we can calculate
the blocking rate as equation (8).

l8]l

Prlblocking]= “3:;&

ko K

(8)

The calculated blocking rate is 0.152%. That mean if
we limit the blocking rate at 2% and whenever, congestion
time had occur, it guarantees that the available traffic
channels are provided to customers are enough.

GOS percentage
Period - 11-02-03 6:00:00 10 12-02-03 23:00 00

—=&— CLD acivaled —s— CLD non-aciivaled |

Figure 5. GOS comparison of two difference methods
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3.4 Half rate channel quality

When the half rate channels are used due to cell load
dependent is activated. The voice quality on half rate
channels are reduced because of both speech coding and
channel coding are reduced. This may be taking an effect
to customers for a moment if customers are moving. But if
voice quality still to be down due to the customers are not
moving or the C/ value still decrease. The AMR is
switched from current codec mode to higher codec mode
(upgrading of the codec mode). This may take a higher
channel coding. This mechanism will occur in a very short
time. The customers have no notice whenever the
mechanism has started and stopped. However, customers
are to be more satisfied that they can make a call
immediately than they can not call out to another whenever
they want. In another way, the voice quality is evaluated
by customer’s feed back or surveying result of network
provider.

4. Conclusions

The cell load dependent was proposed in this letter to
optimum  the traffic channel on Air-Interface between
mobile subscribers and base stations. This proposes
management is compare with the non-cell load traffic
dependent network improved the efficiency of traffic
channel by additional half rate traffic channels in each
TRX of our considering cell site. Especially in case of,
congest situation oceurs in short time of the days. The cell
Joad dependent technique can increase 8.8 erlang
additional from the non-ccll load dependent networks or
47% increasing of the traffic channels. But by this
technique, some users may lose their paltry good voice
quality because of using half rate channels. For this reason,
adaptive multirate is adopted to improve more users’ .
satisfaction. However, most of our users are more satisfied
with successful call making than the busy network when a
lot of users need to access the network in the same time
and by this technique the network reliability will increase.

5. References

[1] Advances in Mobile information systems, John Walker
Editor, Artech House Publishers Boston London, November
1984

[2] Mobile ~ communication ~ Engineering  Theory and
Applications (Second edition), William C.Y. Lee, Mc Graw
Hill, 1998 :

[3] GSM and UMTS The creation of Global Mobile
Communication, Friedhelm Hillebrand Editor, John wiley &
Sons, LTD, 2000

[4] Mobile Cellular Telecommunications Systems, Willia
C.Y.Lee, Mc Graw Hill, 1989

[5] PCS Mobillity management using the Reverse v1rtual call
setup algorithm, IEEE/ACM Transactions on networking
VOL.5 No.1 February 1997

[6] Digital cellular telecommunications system (Phasc 2+);
Mobile Application Part (MAP) specification (GSM 09.02
version 5.9.0)

[7]1 Digital cellular telecommunications system (Phase 2+);
Mobile radio interface layer 3 specification (GSM 04.08
version 5.9.0)



69

Wy YA
Yz Ingiveu

wionazwa Tnoussiia Maidaniangammumiuns duamsanuimnssumanaitudia
a a a d a o <
MIImnssudianmseind-Insauuiay ningudnasaoiumaTuTadsivuena Ymsinw

2543 (4 A3U.4)



WA
(e
[}

s

G
zsar=TeTest
-]i'll=|lllll-.ll“ )

dy I dl Y o U ¥ dl = 1 5 1 Y o ¥ 6 v ¥
nanstluenasianulidmsunisidnuiensfinemingu leugslnhlulgusslevimunisin

lidnsdllas visdu dnnvnuillvsaudadiien wagdesdneddiadiveaenarsynasaninistiluly





