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Abstract Accurate dimensioning of signaling capacity is the Common Control Channel (CCCH) to unused TCH Time
decisive for the efficient operation of mobile telecommunication g|gts (TSL), normally reserved for call traffic channels, where

networks. In this paper, an automatic optimization algorithm for : : 3 :
adaptation of permanent signaling resources in GSM/GPRS is the signaling procedure finally takes place. Thus, different

proposed, which is based on statistical measurements of signaling Kind of call set-ups, short messages and supplementary
and call traffic. Analysis of real network indicators demonstrates ~ Services (but not location updates) may be performed using
that overall revenue losses caused by blocking effects may be FACCH. Likewise, inDynamic SDCCH allocatiormlgorithm,
greatly minimized. idle Traffic Channel (TCH) resources are temporarily
configured for SDCCH use. Once the demand for SDCCH
signaling is reduced, the TCH TSLs are configured back to
Dimensioning of voice channels is of utmost importance fotheir original use. Both reactive features offer benefit in cases
cellular operators when aiming to maximize call revenuévhere spare TCH capacity can be used dynamically for
Thus, a lot of effort has traditionally been dedicated t&ignaling purposes.
dimensioning traffic channels of all cells in the network, as on Unfortunately, experience shows that in most cases
these channels the payload is carried. However, the emergesagnaling and call traffic peaks tend to be rather correlated. In
of new services, such as Multimedia Messaging Servicésis situation, additional SDCCH capacity from spare TCH
(MMS), which rely heavily on signaling procedures, posesannot be provided since call traffic load uses the available
new challenges on the management of the associated signalif@H TSLs. Likewise, other congestion relief strategies such as
load. directed retry and load sharing [6] do not provide any
Signaling capacity in GSM/GPRS networks largely dependgprovement either, since users are prevented from even
on dimensioning the control channel capacity [1]. Thesaccessing the network. As a consequence, handover to
channels, relating mainly to mobility management procedurésirrounding neighboring cells is not possible. Therefore, a
(i.e. call delivery and location updates), have a great impact ¢Rinimum share of cell capacity has to be permanently reserved
network performance. First, the Paging Channel (PCH) is uséer signaling purposes to minimize revenue loss.
for notification of incoming calls. The bi-directional Stand- Finally, the dimensioning process for this territory should
alone Dedicated Control Channel (SDCCH) is subsequenthccount for the fact that the offered traffic in a cellular network
used for purposes such as call set-up, mobile statidands to appear unevenly distributed in the spatial domain.
attach/detach, location update and short message submissibimerefore, this territory should be configured on a cell-by-cell
Therefore, congestion avoidance on these channels provesbtsis if full adaptation to spatial traffic patterns in the network
be extremely relevant for operators when aiming to minimizés desired. However, this approach comes into conflict with the
loss of traffic, i.e. loss of revenue. traditional optimization strategy where operators fix SDCCH
Different approaches to overcome this problem have bed@rritory on a network wide basis, due to the effort and
covered in the literature. As a first step, reduction of th@xpenses related to this cell specific signaling territory
signaling load offered at the origin has been suggested @ptimization.
several references [2-5]. Both static (i.e. global or network In this paper, a fuzzy-logic based optimization algorithm for
dependent) and dynamic (individual or mobile dependentff-line adaptation of permanent signaling resources on a per-
strategies have been suggested. In parallel, several featuresamiébasis in GSM/GPRS networks is proposed. First, section Il
available in the network that deal reactively with particulais focused on the description of the fuzzy adaptation algorithm.
congestion problems on the SDCCH channel, by relying o8ubsequently, analysis of field measurements is presented in
spare Traffic Channel (TCH) capacity in the cell. For examplesection Il to confirm the validity of the approach in real
in Fast Associated Control ChanndFACCH) call setup networks. Finally, the main conclusions are summarized at the
algorithm, the mobile station (MS) is assigned directly frorrend of the paper.

|. INTRODUCTION
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Figure 1. Structure of the process devised for SDCCH territory optimization.

1. DESCRIPTION OFTHE OPTIMIZATION PROCESS izzzz " ron |
The structure of the optimization procedure suggested in t 16000 ;Lj% ‘.Zj’it St n
paper is outlined in Fig. 1. In essence, the system decides ¢ g " | s 4 ! po a0 2
per-cell basis whether to reassign TSLs between TCH ¢ g . \ * < F |, 2
SDCCH, based on measurements of traffic demand & £ g0 x [ . %7 g
allocated capacity resources for both traffic classes. 6000 * f ,x\ ] 00 S
As depicted in Fig 1, relevant network traffic statistics ar 4000 ) P o
cell configuration are first gathered. Subsequently, tl o
consequences derived from the reallocation of traffic resour: I e
between the different traffic classes are predicted. Finally, Hour of day
fuzzy optimization algorithm determines the optimum TS_ Figure 2. SDCCH and TCH traffic pattern in a typical network.

allocation. Due to the inherent granularity in the TSL
assignment process (i.e. the number of TSL must be an intedee. hourly) are discarded. Therefore, periodic off-line
number), the problem is reduced to a combinatorigxecution of the optimization procedure is suitable, where
optimization problem, where evaluation of the full limited seweekly averaging of Busy Hour (BH) measurements has been
of options is performed. In this particular case, the number @onsidered. Regarding the selection of the BH period, it is
re-assignable TSL has been limited to one, and therefore oniprth noting that SDCCH-BH and TCH-BH may not be fully
three outcomes from the algorithm are possible: SDCCEoincident in time. Fig. 2 depicts the overall carried traffic in a
territory reduction (i.e. downgrade), extension (i.e. upgraddypical network for both traffic classes, represented on an
and preservation of the current state (i.e. no change). hourly basis. From Fig. 2, it is evident that SDCCH and TCH
In the following sections, analysis of the most suitabldraffic peaks are not fully aligned. Since the worst case for

indicators for the congestion estimation is carried out. Theiach traffic class is normally used for dimensioning purposes,
the core of the reckoning process is covered with thdifferent BH periods for measurement collection have been

description of the fuzzy system. configured in the algorithm for both traffic components.

Once the network statistics are gathered, the subsequent
congestion prediction module anticipates the effects caused by
The proposed adaptation process aims at minimizing thgy potential territory modification. Under poissonian traffic
congestion problems in both the signaling and call traffigssumption, Erlang-B formula can be used to estimate the
channels in each cell of the network. Therefore, the ability tglocking probability of both traffic classes based on their
detect if traffic resources reserved for a certain traffic class afespective traffic intensity and territory settings. It is worth
under- or over-dimensioned is crucial for a proper performanggting that the assignment of 1 TSL for signaling purposes will

of the algorithm. lead to 8 SDCCH (sub-) channels.

Existing network statistics provide multiple indicators that A further refinement could be entailed in the SDCCH
may be used to evaluate the utilization of traffic resources. Iflocking estimation to account for the different priority given
particular, blocking rate has been selected to model thg, the operator to diverse messages carried over the signaling
congestion effects derived from the reassignment of TSLghannel. Thus, consideration of higher priority traffic (e.g.
Likewise, comparison between the number of available angobile outgoing/terminating calls, call re-establishment,
maximum busy SDCCH sub-channels have been used to detegtergency calls, supplementary services, SMS) and neglect of
excess allocation of signaling resources. lower priority traffic (e.g. IMSI attach/detach, location update)

Since parameter changes related to SDCCH territory requiceuld be performed. On the following, only the aggregation of
temporal disabling of the cell, fast reactive control approache3DCCH traffic is considered for the sake of clarity.

A. Main traffic indicators
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B. Fuzzy optimization algorithm
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decision method [7]. The main advantage of this approach lies® ‘
in the flexibility to define the behavior of the optimization % 2 2 6 g 0 12 16
system by means of natural language instead of complicated
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The structure of the fuzzy decision module, within which the
intelligence of the algorithm resides, is depicted in Fig. 3.
Basically, the module consists of a fuzzification module, a rule

Figure 4. Fuzzy sets of input state variables.

base, an inference engine and a de-fuzzification module. TABLE |

The initial fuzzification module evaluates the potential states RULE SETIN THE FUZZY DECISIONSYSTEM
of the network based on the calculated congestion predictions. Network State Output
This process entails the reckoning of membership probabilities Rulel  Po Py Py Po | Nspcen- Decision
to predefined sets, based on the membership functions depicte Nsocer) (Nsoce8) | (Ned |(Nes') Pk(Asocy)
in Fig. 4. Blocking rate predictionB,(.) for SDCCH and TCH ; : L||—IM T NSP%;%GEE
traffic are classified either dsow(L), Medium(M)or High(H), 3 H ™ H NO CHANGE
following subjective judgement by the user of the system. | 4 LM | L|m H DOWNGRADE
Thus, congestion problems caused by an inadequate territory| 5 |LIM H H NO CHANGE
setting are highlighted. Likewise, the number of unused |- tm ML tm e
SDCCH sub-channels, derived from the difference between the [5— |y 0 LM w DOWNGRADE

number of availableNspccH and peak usedok(Aspcer) sub-
channels, is classified either &sw(L) or High(H). Thus, an
indicator for over-dimensioning of SDCCH resources is alsgglieved to be sufficient for carrying out all required control
established. action for signaling dimensioning in GSM/GPRS.

The basic function of the rule base is to represent the control o this knowledge base, the inference engine computes
policy of an experienced operator in a structured way bjhe overall value of the output variable based on the result
means ofif <network state>, then <control outputules. fom conditional firing of rules. A zero-order Sugeno-type
Table | presents a set of rules sw_table.for the problem un_dﬁ{ference engine with singleton output values {-1, 0, +1} has
study, by establishing the relationship between blockingeen selected due to its simple structure. Finally, the de-

conditions and control actions linguistically. For instance, thg,,zification module takes charge of the decision making.
second rule in Table | reads:

o ] ) C. Implementation details
"If  [Pp(Nsocer) is High] & [P p(Ncs) is Low or Medium] & o )
[Pu(Nes1) is Low or Medium], then Decision is Upgrade”. Some prac'qcal issues must be taken into account to_ help the
deployment in a real network. Concretely, two different
In short, SDCCH territory re-configuration is performed ifSDCCH allocation methods may be considered: sparse and
large differences in congestion exist between the two trafficompact. In sparse mode, the SDCCH territory is distributed
classes, and the new configuration does not cause higimong several transceivers (TRX) in the cell, which leads to a
blocking in either traffic class. Furthermore, an additional ruléigher signaling reliability due to protection against TRX
provides a mechanism that performs a gradual decrease of th@ure. In compact mode, TSL dedicated to signaling purposes
SDCCH resources when no congestion problems are detectee consecutively located on a TRX until its maximum

or envisaged (rule 8). The rule set reflected in Table | igapacity is reached. This allocation strategy leads to TSL
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Figure 5. Daily overall BH traffic and blocking rate in the trial area.

I11.T HE ALGORITHM IN A REAL NETWORK

TABLE Il
In the following, an example of the application of the CELL STATISTICS BEFORE OPTIMIZATION

proposed algorithm in a real network is presented. The P ) . .
described algorithm was tested in a live environment to PbSDCCH%H Po<05% |0.96<Py<2%| Py 2%
estimate the potential gain from an optimum ascription of TSL Py <0.01% 279 14 45
resources. Once the trial setup conditions are clarified, analysis 0.02%<P;<0.05%| 0 L 1
of the proposal for new territory settings (i.e. open-loop Py 20.05 3 2 9
behavior) from network statistics collected will show the TABLE IV

benefits of the proposed optimization procedure. SDCCH TERRITORY DECISION STATISTICS

A. Trial setup Decision Ocurrences  Share(%)
The results displayed here cover a time interval of three DOWNGRADE 75 21.0

consecutive weeks. The trial area consisted of 354 cells (1140 NSPCGF:;'TDGEE 219 717i9

TRX) providing seamless coverage. The rule set in Table | TOTAL 358 100

summarizes the optimization strategy, whilst the internal
parameter settings for the algorithm are shown in Table 1.

It is worth pointing out that, like in any optimization procedures entailed only mechanisms to increase signaling
process, the resulting performance gain is dependent on ho@sources but none to reduce them. Thus, operator policy
distant the current system configuration is from the optimum. finally resulted in the allocation of excessive SDCCH
resources. This conclusion was reinforced by the outcome of
the decision process of the optimization algorithm, which is

First, the main traffic performance indicators in the trial aregummarized in Table 1V. From this table, it can be concluded
are examined. Fig. 5 depicts the daily overall BH traffic andhat most of the suggested changes (i.e. 75) entail a reduction
blocking rates for both traffic classes during the trial. From thef signaling resources. Likewise, only very few SDCCH
figure, it is clear that the TCH and SDCCH traffic remainederritory upgrades (i.e. 4) were suggested for cells with
virtually unchanged during the trial. The following analysisunacceptable levels of SDCCH blocking.
will focus on the weekly averages from the third week unless 1o effects induced by the optimization procedure may

stated otherwise. easily be recognized over the changes in the distribution of

Table Il breaks down the initial state of the network in theweekly average cell blocking in the network. Fig. 6 represents
week under consideration. In the table, cells have been sortéd number of cells that exceed a certain level of blocking for
based on their weekly average overall SDCCH and TCI3DCCH and TCH traffic, respectively. From the graph, it is
blocking rates in the corresponding BH period. It is evideninferred that most relevant effects are caused over SDCCH
that numerous cells exist (i.e. 14+45=59 cells) where signalingaffic. Despite the overall loss of signaling resources,
resources had been over-dimensioned at the expense ofmgrovement of SDCCH blocking performance is observed
medium or high call blocking rate (i.e. higher than 0.5%). Thiglue to resolution of severe SDCCH congestion problems in
result was expected since existing manual optimizatioisolated cells.

B. Open-loop analysis



Meanwhile, TCH blocking also benefits from the ascription 354
of additional resources (i.e. 75-4=71 TSLs). However, no 2
extreme differences in the blocking distribution are predicted . 3
in spite of the large number of territory re-configurations. This ?‘_3 339
result is motivated by the limited magnitude of added CS 5
resources in relation to previous settings, which is a = . —+— SDCCH Before Optimization
consequence of both the limits imposed on the optimization SZJ ‘ = SDCCH Afler Optimization
process (i.exl TS max.) and the large number of TRXs per 0.001 001 or 1 1o
cell in the concrete scenario of the trial (i.e. 3.22 TRX/cell ). - SPCCH Blocking [ -
Finally, the stability of the proposal given by the algorithm - . i
for the territory settings is studied. For that purpose, the 2 s __*,.J'
algorithm was run on a weekly basis over the complete 5 e /
measurement set. Subsequently, the prediction module in the 3 s j,._ﬂ
algorithm is used to estimate the performance gain attainable | e ——TCH Before Opiimization
by the new territory settings. Separate prediction of blocking r* TCH After Optimization
rates for individual traffic classes was carried out, based on o 1 10 100
their past average BH traffic demand and the revised resource TCH Blocking (%]
configuration. Table V presents the estimated performance Figure 6. Blocking rate distributions before/after optimization.

indicators before and after TSL re-configuration for each of th~
three weeks of the trial. For the sake of clarity, averages of tl
whole period are also provided.

TABLE V
ESTIMATES OF PERFORMANCE AFTEFOPTIMIZATION

Week| Selectior] Totall Total | Overall | Overall | Overall Overall

The reduction of TSL devoted to signaling purposes i SDCCH| TCH |SDCCH| TCH | SDCCH | TCH
noticeable throughout the whole trial (i.e. 11% decrease TSL | TSL b"f&g'”g b"ff/o';'”g tr’;'f‘f’fc"g trt;lf?icck[eé
average number of SDCCH TSL). In addition, only smal = veaswedl 598 | 9466l 0018 994 0,008 239
differences are discerned in the overall share of TSL betwe Optimized| 517 | 9547| o0.00d 955 0026 327
traffic classes, regardless of local variations in the traffi [ | veasuredl 598 | 9266] 008% 1137 0278 303
volume among the different time periods under consideration Optimized| 536 | 9528| 0020 1104  0.066 382
Despite the overall loss of signaling resources, improveme | 3* | Measured| 598 | 9466| 0.034 1425  0.114 495
of overall SDCCH blocking performance is obtained (i.e. 589 Optimized| 542 | 9522] 0.039 138 0.099 481
decrease). Likewise, small effects in TCH blocking | Avg | Measured| 598 | 9466| 0.04% 11.84  0.14% 409
performance are observed, expected from the small increm: Optimized| 532 | 9532 0019 114 0.063 397

in the number of TCH TSLs derived from re-allocation (i.e Difference (-1?5/0) (_Sg% (%3;6) (%SS (%g% (_'3150)

0.7% TSL increase leads to 3% decrease of blocked traffic).

From the results of the analysis here presented, it can beag 4 result of the attained congestion relief, cell capacity
concluded that the optimum ascription of TSL carried out on g,,4nsi0n strategies, such as TRX addition or cell splitting,
cell-by-cell basis by the algorithm can enhance the utilizatiog 5y pe delayed in time. Thus, long-term capital investments
of existing network resources, thus minimizing congestiog e’ minimized. In addition, manual work devoted to signaling
effects in the network. dimensioning is reduced, enhancing network operability and

IV.CONCLUSION minimizing operational expenditures.
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