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Abstract:

This contribution addresses the location problem using coverage information in a cellular network
context, particularly GSM. As it is well known, mobdile Jocation usually vequires mwre detailed
information than just coversge. due to the high variability of this kind of information. Ilowgver, recont
advances in propagation prediction, the availability of new (00ls, cto. make Rt coverage informatiun a
good candidate for mobile location, at least for a first approximation.

Thix contribution makes a preliminary unalysis of the possibilities of using propagation information for
Jocution purpuscs, studies its requirements and limitations. In particular, several algorithms arc considend
and the effect of different propagation conditions ix analysed.

As can be expected, location using coverage information can only be undertaken whea 2 gond krowledge
of the prupagation environment is svailable. In most cases, an "ad-hoc” messucement capaign W
required. Nevertheless, when good information is available, location errors smaller than 100-150 metres
are obtained for 70% of cases.
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Introdyction
In a previous conuibution to COST {1], the use of propagation information for “hot spot” location has

been repurted. The basic conclusion of the report is that locating hot spots using just covejage dula wits
indeed possible and relatively small errors are obtaincd.

In this contribution, 3 more careful analysis of rhe possibilities of using coverage daa for loeation
information is underken. The objective is o analyse what is Uw influence on the location error of
several tactors: the most important being the error o the toverage iaformation data, but it has also been
analyscd the numnber of measurements available, the mobile speed, the comclation between
measurements, different Jucation algerithms etc.

Location aigorithms

As il is well known, ane of the most interesting charscteristics of GSM is the fact the MS reports back 1
the BS (MSC) the information of the recciving level of the six BS received with greater fevel. This is
done o facilitate the hand-over of the communication in course when the MS is leaving e serving BS
caverage arca. This information is sot usually recorded by the network, unless specifically instructed (o
do 50 vig the U&M sysiem. Even in those cases, most O&M sysiems can only record the incasurcment
reports prior to the occurrence of a call event: (Call set up, hand-over.). For that reason, MS hocitrion has
{0 be done with u relatively small amount of measurcment Teports — in the region of 10-13,

Several algorithms were suggested in [1] in order to find the MS location based va that reduced amount of
information. those algorithms are summarised here for refercace:

In mathematical terms the objective is to find a candidate positivn ¢ (x.y) for the mobile station taking
intn account the collection of reported measurement levels v, tn 2 number of bascs (normally around b).
The algacithun compares thase reported fevels to a collection of planned or previgusly ieusured vadues v,
for every location of the area under study, usually of some square kilometres.-

The exnmated location of the MS is the pusition r thal mukes minimum the distance beiween the
measured (reported) v and the planced v,

If there is only one sct of measured v, (conesponding to one location) the usual approach is 1o give ay
candidate position with the minimum square valuc of the distance between the reported amd planacd
vilues.

fer=3" . -v, ¥,

{heing M the number of BS with reporied and planned measurements)
instead of the minimum square value, different metrics can be used: absolute value. mininaa, cic.

1§ the number of reported measurementy of a mobdile is greuter than one the location finding algorithi can
be refined. Now v, is a cullection of & measurements 1o M basc sttions.

Several approaches can be wed.

1.« The uptimuwin appruvach would be using a ngw expxcsmm for fir) that would optimisce in the whote wi
ol comhinations for the componeats of 7.

YAGEIED Y Yol TR

Wl prisyabke pathy

This appruach implies first selecting afi possible paths in an ares of some square kilometres, The number
grows cxponentially with the aumber of measuremems. Sonw neduction is obtained using the fact that the
MS cannot muve & 100 high speed, but even so the calculation burden is too high.

2.~ A sceond possibility would be to use & desivakive of a Viterbi-like algorithm. First a candidate starting
point £ is determined using (1). The foliowing clemeats 7; j=2...k, can be dermined 1aking into account
they cannot be scpurated more than the maximum mobile velocity (vef ) muliiplied by the eusurcment
interval. This implies that (1) will be evaluated only fur those values v, inside a circle of radius vef . Ar

Since those measurements with low attenuation tend 1o give betier cstimates, the best approach is 10 start
with #, closer to one BS.
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The procedure could be generalised. Instead of just using the #; as starting point. it couldt be possible 1o
define a sumber 1 of starting points. Thea there will be / different trajectories. Finally, the rajectory wuh
smallest global error could be chiosen as the sclected solution.

The algurithm can be rather time consuming for large / Onc possible way of tcdu&ing compuling time s

only to pursue the anwlysis ni those xrajectum:s with small accumulated error in a manner simiiar 1o the
Viterbi's Algondun,

3.- A complutcly different approach trics to eliminate the Rayleigh or Shaduwing compunent 1 the
reported measurenwent. That can be done performing 3 smoothing of the received data v,, . Fur example,
fet us convider the reported levels to station §

VY vn Vo, Yy

Those valuws usually observe a relatively lurge dispersion, Those valves could be correcred via o “muving
average” of size m (m < &) procedure

aem
14
- _Zum - Y

2-m+1

iy
4.- A colleciion of 7 can be determined using (1) independenily 10r every v, Then, the estumuted yaluey
{in thy x-y plane} can he smoathed following a procedure sugpested in {2]

The hasic idea i to find a least squares approximalion r.{¢) 1o the cnllection of estimated lovations £}
assuriing they correspond to a collection of samples at taken a constant velocity vel.

If v is assuned constant, it can be estimated using the least squares criteria as

& .. -
Z(:, - t)[r(r,)— r]
Vel - .i-‘-!.....,...-

k -2
2,0

Jul

Buing

I= (uk)f_‘,r, and 7 = (llk)ir(tl)

kel k=i
Then, the estimated positions are
tlr)=rd0)+ vy
Note the smoathing procedure used in 4 can be also be applivd to 1-3.
Simulation resuits

[n the following, the results of using algorithms 24 are compared. A simulated area of 4 x 6 kin with
seven trisect BS is assumed. The coverage is simulated using Hata model (o0 shadowing). Measured
values are cvalusted from the actual values sdding a lognotmal random variable. BS are indicated in the
map by a 0" symbol. Those BS are trisectorial (120 degrees)

Tn the ficst set of simulations, the probability location function is obtained.

To obtain if, 3 MS al a given location and with a given speed is simulated. The MS, located originally «
x= 10,20 and moving along the vector (1,1) sends 10 sets of § measurement repocts. each set is sent every
28 meters. Then, the MS is locawd, using one of the algorithms described in the previous scetion und the
estimatey location saved, The process is then repeated S00 times and a collection of estimated locations
obtained. Then we represent the locus of those locations. normally the estimated lovations arv close (0 the
“irue” lovation, bul the "spread” gives an indicution of the form and value of the expected error
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Figure 1, Probability locativn function. Comparison between different algorithms.
2} Direct algotithm

b)  Ditect algorithm with averaging (assumed at speed zerv)

¢)  Algorithin number 2

d) Algorithm number 3

‘Phe results, shown in figure 1 (a-d) show the probubility location function. The first aren (light grey) s
the 999 location ared, the second corresponds 10 8 6% and the third to 33%.

1t can by seen that different algorithuas tend 1o behiave rather similarly, however, algorithm 2 gives the
best resuits, but possibly not enough for the added complexity. Promediate is always a guod solution,
redicing sigaificantly the indetermination areq, which can he as smatl as 30 m for 66% of cases. [f ihe

number of [ueasurements is small, the mobile cannat be 100 away from the original location sad it is not
NRCLSSATY 1o ostimate speed.

However, these good resuits are not obtained when a MS far from a BS is located. ‘The fullowing sct of
pictures show the results for & lucation x=43,30
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Figure 2. Probability location funcuon. Situation for far locations
a)  Direct algarithm
b)  Algurithm number 2

In this set of results becomes apparest how thuse facations are not correctly reported. The vacabiliny ¢
very large und this explains the erratic behaviour of the location function that seems scattencd arvound.

Nexs, the wean value of the error is investigated over the whoic area of interest. The folluwing set of
figures (3 onwards) is obtained repeating the previous process at every location. The wedn ¢rror value
(and its dispersion) is obtained und represented in a 3-D graph.
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Figure 3. Location squared errur. Mean and dispersion
3) Direct algorithm

b) Dispersion for a)

¢} Direct algorithm aversged

Jd) Disparsion forc)

First, the error at cvery position is represented in (ig 3-a with standard conditions (lognormal sid, =7 dB,
RO calr errors, =0, 10 reports assumed ao corretated). It cua te scun that only arcas close to a BS are
acceptable. In this et of results. the averaging effect appears clear. Fig. 3 a shows the average eorur (with
algorithm 1), [t can be seen that most areas have an average error smaller than 500 m, However, the
dispersivn (shown in 3-b), is also arcund 250, leading to a very bad accuracy. When averaging is used (3
¢) ke mean error improves but, most significant, there is a larye decrease in dispersion (lexs than 150 m).

Location errors in the central area can be in the region of 250m for that lognorms! standacd deviation of 7
L1 _

i Neat, an study of different parameters is underwaken and briefly reported in Figurce 4.
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