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1 . wo osl¥fagURI NG USAGE OF CELLULAR MOBILE TELEPHONES ,, ]JSG97fof)oq3The
present invention relates to the neasurenent of the usage of Ce ar
nobi | e tel ephones and has particular 5 application to cellular nobile

t el ephone systens enpl oyi ng time divisiop nultiple access (TDMA) radio

t eclnol ogy. During the setting-up of a cellular network for

nobi | e tel ephones, it is inportant to provide maxi num coverage in 10 the
mnimumtime. To achyexguRiing ds@r% CYTUELIECAR OMGBILE TELEPHONES
approximately 3 ‘to- 5 m-1n radius, terned "macrocel I s" are

dépl oyed, since these can—provi'de coverage - ‘over an extensive

geogr aphi cal area ariiegareseet irdeenticopalsoss imtheemahsarembsxﬁ)bft the

of users b?i%ﬁ@%@é‘é? e lhliak gy R Bl ORI g0 hec DL
cities or @& heppliratioradso el lbdsunaokiide, tgmﬁnhqme SKﬁ#ﬂﬂﬁn%ﬂPlgﬂsng
network can tQqg, resﬁf?sfﬁﬂ?ﬁ&jz‘ggallhhé Wik (TDMPSS‘i] id '&&ﬁ’% ion of

service quality, cal'ls will urn
|lead to wuser di ssatisfaction and a resulting Ioss I n revenue

~Such areas of hi gh ﬁﬁﬁiﬁgCtﬂenaédtﬂﬁg-hgrazda ceimmﬁqﬁétwoﬁndfaﬁrmeuile
sol uti ons have en s%ggested to,25 a drg % e Rro | ens_.associ at ed

these. For e» cett i8c1BPPELEPEN EO @q V. qtﬂ?ﬁﬁqumﬁ?V?E?ge in

codi ng/ dualo tHeatmnﬂuain hine. opelrcatacmlanel thlitsi, | a)amgmeimmdsreetlmbnai

t hose |ncorp ting _mcrocell.ul el l ylar erl

have been sug %ﬁﬁ s?ﬁggofﬁggge& I atid ggpa%itﬁgﬁo E#n gﬁb dtseg¥§med
However, only “o@idroselbsf sate ciepboyed, neince aykesaccanrisovide coverage
capab 111y of QY! U0 excc IR IGRR T 1 A9 CRBRA L Ur0r Al SRBbe! €3S
In cell sectorlsa I on, fRe et wor k op can inprove capacity and
coverage by t lrommyiiGatienst Fedud¥enessts °%f§heoﬁué§€ﬁhgﬁﬂ h&ﬁ%:s@b#@h

of 60 to 143D %meefmibany beeished 19 veﬁoweoéeasas eaet impdr COF eh88es

and interference, enabl | ng freg nay <f yuse gnaller dlstances
and increases, the  traff demand 1n popu ate places such

cities or other urban areas will become high, and the

communications network can then become congested. This will

result in a degradation of service quality, resulting in

20 dropped <calls which will in turn lead to |user

dissatisfaction and a resulting loss in revenue.

Such areas of high traffic demand are termed

"hotspots", and various solutions have been suggested to

25 address the problems associated with these. For example,

cell sectorisation, cell splitting, half rate coding/dual

rate, dual band operation and multilayer networks, such as

ﬁhose incorporating microcellular and picocellular

underlays, have been suggested, since these all add capacity

30 in such hotspots. However, only cell sectorisation and

multilayer networks have the capability of providing
coverage as well as capacity for hotspot areas.

In cell sectorisation, the network operator can improve

35 the capacity and coverage by the restricting the coverage
~area of each cell to a sector of 60 to 120 degrees. This
method gives increased control of coverage and interference,
'énabling frequencyI re-use over smaller distances and



1S still not
The npst

bc us e IPCHPEBH00903and
ul ar net wor K.

i ncreasing the overall network capaci
possible to focus this increase to s q‘ﬁqg SHEET $AS- BEEN
effective P38 to t he probl em of prowﬁgm(;gn 5 f

coverage is by the inplenentation of

M crocell antennas are typically installed three or four stories

hi gh. These can provide focused cove?age (approxi mately 200 to 300 m
i n radius) over concentrat ed traffic areas such as shoppi ng rral | s.
Such 10 m crocellular a-nsm't {& .y trans t at Ha nmuch \/)5
power and, witRCTRRSYBE 5% TER WPE n&EPaSHa oweverc ahE
to be preci sel gt it used pnssiielerladfﬂocdmthpst increase to specifibocareasit
is not an easy task to identify a traffic 15 hotspot. This is due to
the fact that TDMA radi o technol ogy is used in the GSM and PCN

systems. Each chann®hej pogk\efkeictive solykio® ta hespseblemaf Prpyidingd

portion of 9a0fbcusea cégaése bghascshapagk is Byoaqéaﬁﬁpwméneaéisﬁeaf a,
time slot. herefore not posSible _to nmonitor the si

L orem Ctod byRiBEOHBLIRIAB, GG ne” FIETASRAL ORLPRSAs Ae SHBLeRLlY. o

channel s have igsbe&ireai Eum@ia idk t heuti eottderi th.gh. T&@s@wa:taralﬂarwﬁde
timeslots in each channel can

I d.th £
desirable to neERSRPECtHRVETAFFi anif:ﬁx:.mately 2%?)e%?f X &% gégégrsf ngger
deternine the conbentoatedbitiraffic 28reasneschn ausesh\ppplngt mafl 1sr.ea. Such
In an exi Sibngrp%éff‘&@gb.}ﬁl&‘fr%réﬁéﬂ%&%&grn Pméi‘f#aéﬂ'ﬂsmlt at afa{nu%h lower
| ocation, and € no e statrons e Vic
transnmitter arpo¥eus&ind,o wiigh sthe wmseh of . dlrga\ctlong@ @G\J:rﬁrél’aﬁrns$@%blﬁ§

test transm tt@&véﬁagguioameep%‘éc&%‘éﬁ& focusedt hfn R & O £ {@ DA Es

within the area hod will count all the nobile
phones that are sw tched on, and thIS w Il give a nuch higher

rﬁsul t, since not ahlow@%xrromd qsof}m;ﬁ%ﬁ fbasyﬁrﬁﬁwﬁ@hmbx@@myea Utrafsi69
the 35 Sysyﬂgéﬁﬁsr %ﬂ%ﬁg?d§¥? E>%ie t Ogha%agﬁﬁi raSEBQE KnologyZa

dlsrupt|0n1§o
In DE-A-4 413i48dsed th ethe GSMegnt |Pt§m:l syastemst.hofacbf chadeeédr isndhyidad

correlation bejupgn ghapagl OLFURaNCYaRld ANCaigMPRbh! Yp8Eed8ha ¥E! ClatR"
be transmttedwthin a nobile
subscriber's channel is broadcast in a different time slot.
It is therefore not possible to monitor the signals
20 transmitted by the mobile phone in the frequency domain.
The traffic channels have to be monitored in the time domain
so that all the time slots in each channel can be studied.
It would therefore be desirable to measure the traffic with
a specific area so as to determine the number of mobile

25 phones in use within that area.

In an existing system, a test transmitter is installed

at a location, and the mobile stations within the vicinity

of this transmitter are caused to register with it. A

30 counter inside the test transmitter is thus able to count

the number of mobile phones within the area. However, this

‘method will count all the mobile phones that are switched

on, and this will give a much higher result, since not all

the mobile phones that are switched on are utilising the

35 systemn. Furthermore, this method causes temporary
disruptibn to the mobile phone users.

e

eet Has Been Replaced :'

H“‘l“\“l““m‘”“‘ In accordance w1th -the present invention, there is



t el ephone network e | oying a ‘time division nulti pl e access 5 system To

det er m ne Hast Byen Rd i ndi vidual tine slots
I S measur ew%ﬁ'g dch ?}ﬁ‘lﬁﬂlm ﬂmﬁm “S %MQ% Q‘Ce pomé’rcwqqqfoﬂo‘@ach
time slot is t hereb E ccorgance wth the

present invention there 1s prOV|ded a gethod of neasuring usage of
cel l-ul ar nobile t el ephones enpl oying tine d|V|S|on mul tiple access
(TDWVR), as defined in claim1.

AVENDED SHEETprovided a method of measufing the usage of cellular mobile

telephones employing time division multiple access (TDMA)
within a predetermined area, the method comprising counting
the number of occupied time slots within a TDMA frame.

5
In a preferred embodiment of the present invention, the
number of occupied time slots is counted by usihg a spectrum
analyser.
10 The 1location chosen for conducting the hotspot

measurement is ideally the place where the traffic is
suspected to be high and where the nmicrocell transmitter is
desired to be placed. The directional antenna of the
spectrum analyser should be placed at the location where the
15 microcellular transmitter is 1ikeiy to be placed. only
those channels that are in the sector are selected. This
method provides a real-time measurement of the instantaneous
traffic, and the result obtained from this measurement
should reflect the actual traffic within the hotspot area.
20 Based on the results obtained from hotspot measurements at
different locations, a decision can be made as to which is
the ideal location to install the microcell transmitter.

The hotspot measurement enables the network operator
25 to determine the traffic ulsage within a specific area. 1In
the ETAC and AMPS communications systems, freguency division
maltiple access (FDMA) 1is used. Therefore, by simply
monitoring the traffic channels, traffic usage within an
area can be determined. However, in the GSM and PCN
30 systems, time division multiple access (TDMA) is used. Thus
it becomes .relatively difficult to compute the traffic usage
by monitoring the traffic channels. This is because there
can be up to 8 mobile phone users accessing the same channel
at any one time.
35 o
The invention will now be described with reference to
the accompanying drawings, in which:
Figure 1 illl.;strates' the rising edge of a signal



5 In a preferred enbodi ment of the present invention, the nunber
of occupied tine slots is counted by using a spectrum anal yser. 10

The | ocat i ®@98@3d#en for conducting the hotspot meas WoIvsEsT/00093
ideally the place where the traffic is suspected to be high and where
the mcrocell transmtter is desired to be placed. The directional
antenna of the spectrum anal yser shoul d e placed at the | ocation where
the 15 mcrocellular transmtter is likely to be placed. Only t hose
channels that are in the sector are selected. This - nethod provi des a

real -ti me meadftedriRa ko AELRRBIRA HReoRTesenceOf @ ted@phane qath
obtained fromthis pkgageenenillusthaties raiécebuhkingcioml obeapliea vieihen
t he hot spot argP”tZO Based ﬁn t he, rﬁ sul t's_obt ai ned from hotspot-

measur enents &-°-° W e, ERTePo¥APAGHS a deci si on can be made as to which
S the ideal | oRAdgupest B itst 8 | ilhastratecedituatoitms t ar:ﬂ.s.mg which
The hotspot S t erm ne the
traffic usaggez\# ﬂr:?;% %éggp.%ﬁccépﬁtﬁﬁbv‘% lin%p%hd%&gllﬁégl 3’1 ‘HU

communi cat i ons systénqureréqg@nGygaawmspahpercannagqﬂqsqunangy Vs=Dipdme § s
used. Therefg{g, by sinply nonitoring the traffic channels, traffic
usage within an area can be determ ned. However, in the GSM and PCN
30 systems, tine di FAEPERSTIEDP piQ axecEiovehpris illustyatipgsthe methods

becones rel at gl )aéhéfmmiﬁgt Oo@@ﬁpalhe%t hgnt r@éémed%m@e wu:r;3 b)p:{)@ffbiﬁ?\d ng
tere can eupto nopi 1 e phone

the traffic chann ecause

users accesdi lh?é?@%ﬂg ScREnk BF presgnt, WvenEionte 35 The
i nvention mﬁll now be described with reference to t he acconpanyi ng :
drawi ngs, in which: 1 t rising

si gnal W 60 Tag gnis HOEBEe ! dddNRLAS AU eH IoBi0 AR ey -
4 det ect sy stemi eAnisRectirupr apatysesf and ¢ ephvhabdgl computer are

used. : The spectrum analyser is used to receive signals

. 15 transmitted by all the mobile phones within the specific
area, and the portable computer is used to store the data
from the spectrum analyser. The measurement process is
divided into two parts, namely the collection of data and
the processing of the data. The data collection is

20 conducted at the location where the traffic is suspected to
be high. The collection of data is performed automatically
by the software which remotely controls the -spectrum
analyser and transfers the data to the cbmputer via a serial
interfacing cable, such as RS 232 standard cable. During

25 this process, the spectrum analyser is set to zero frequency
span (i.e. to operate in the time domain). The processing

~involves studying the time slots of each channel. The
computation of traffic usage can be performed by considering
the users in all of the channels.

30 | '

Time Slot Computation N _

In this measurement, an Advantest spectrum analyser,
model U4941, is used, in which there are a total of 701 data
points for a single sweep, and each data point has a maximum

35 magnitude of 340 (in ASCII value). This maximum magnitude

' corresponds to the reference level of the spectrum analyser.
In order to determine the number of users at any instant in
a particular chaﬂnel, the spectrum analyser is set to the



Figure 2 illustrates the counting of occupied tine slots using three
W ndows; woogs3zdd gures 3 to 5 illustrate situations arisi ngc%bgﬁ@.,'
require repeated counting using additional w ndows; rgure I's a
graph of percentage occupancy vs. tine; and Figures 7 to 10 are
flowcharts illustrating the methods of dgterm ning occupancy in
accordance with preferred 10 enbodi nents of the present invention.

In this hotspot nmeasurenment for the GSM and PCN systens, a spectrum

anal yser and a,@pstPPbgueRBPUESaANMRere t8ESigrdE £GPt adaly e itSime
used to receive signals 15 t%§%$n1£éeddgé?all'the nobil e phgones thln]Fhe
specific ™ —arf@maify FHAYor 25 -EBRp e YINTE e MR Y -or € .,a:_haéme s
fromthe. spectmonitoaégsare thEi@reaieastoCbntr ol essahnel (BCCHJeandtihe
two parts, nangl - [ d essiig A he
data " ho airdrest ERenBEY Pichy.“CkRniRbes, thE ELREREELEE o ind Yare
traffic is Suspeedeforosigrisd Hingh pUrpoges) ecOndy dfimmtslots per tor fedire
automatically useBYsbhersaleedes.e i oo SRLL! 4hE0RIAE! 21688 a2@° U ror

anal yser and transfers t a to the conputer via a seria I nterfacing
cabl e, such astr®&fP38.standard cable. During 25 this process, the spectrum
anal yser is set to zero frequency.. span (i.e. to operate in the tinme
dormai n). The processi ng .ipvaol ves stud

) ng the tinme slots of each .
Chamnel . rner CCC e TR kit OB e Rt PR EUTAREREan DALY cPhe: MRLLHK (i-e.

consi deri ngo mébglasetatiivnaldo Maddasttdiime) stréQuencieaeabeoised, even
Conput ati on, antes% spec%& m anal yser.

I p, thig nmeasurenment. an_Ad
model 041, i §0aueR  FRennfiehRiitKe 1Pess ( SEALISE 767 alekile palatdan,
a single sweepfreguenadksdann pdsnt refiteatnbie nsane Snumsiger tolia1ssrs40 This
ASCI1 val ue). jIh dﬁ@gé'uﬂi‘xémﬂ@ttsg%‘% deigé’éﬁngQBgﬁﬁt Cbr# %oﬁ@i?é@@ﬁ? 5!
of the spectrum anal yser. In order to deferm ne the runber of users at
any instant insignalpgtuengtdr recrA¥Rd fe BhRCEPEFLENE WElYseBet €8 the

WO 98/ 333445 mobile phone station is far away PEdhSERE/ 88@@3ver antenna
5 zero frequency span where the signal is captured in tge time ,

domai n rather °fhkRe BRECHMIY AN SRfmi Ren THee chanfared sigpai dridd e
the Broadcast . geakr gduehgbnphthBLoEs)andstihd larliy,afiffi @ eddine sth@don ikor

OCCH e {1Top8het 40 A0 4nfLies, WECHLST GBOURELLL I fLUROEES ool
for ' will be high. However, if the line of sight of the mobile
20 phone and the base transmitter is blocked, the mobile phone
will be controlled to transmit at a higher power by the base
statiori. With variation of signal strength, one can set a
threshold level below which any signal strength will not be
considered as a "nearby" mobile phone user. On the other
25 hand, if downlink fregquencies were used, then the signal
strength transmitted by the base transmitter would be the
same irrespective of the distance between the mobile phone
and the.spectfum analyser, as the transmitted location is
fixed with respect to the antenna of the spectrum analyser.
30 In this way, it is impossible to estimate the distance of
.the mobile phone users from the spectrum analyser. This
arises frbm'fhé'féct“that, at present, the mobile phone has
power control whereas the base transmitter does not.

35 The sweep time of the spectrum analyser is set to 50
ms by the software. This value is chosen as being
particularly advantageous, and, with this sweep time, the
spectrum analyser fs able to capture approximately 10 TDMA



traffic. . In this hotspot neasurenent, only the uplink (i.e. 10
mobi | e st aﬁ %Bé%gbase station) frequencies are used, even t hough t he
downl i nk (B tion to nobile station) frequenci es caRCASHTP0P ect

t he sane nunber of users. This I s because the hotspot detector works by
considering the signal strength received by the spectrum anal yser. | f
a 15 nobil e phone station is far away from&he receiver antenna of the
spectrum anal yser, then the received signal wll be weak (due to path

loss). Simlarl i f ,a_nohj station.is r.t ant en of_.th
spect rum anal ?fé‘feﬁ hé°§’|eggg¢ﬁ %%afnﬁ 85 5h&ﬁ‘cﬁ/\e§é%’?g?f r}%egﬁlenes‘%ﬁe%'
sight of the mhsde 120 TDMAEramest Arebiustisefiicient for Wedskouinimg the
mobi e phone nunildd 88 GBELOILE! AN Lifl 818£8)CinP I Gart ddiar
base. . station. h variation of signal strength, one can set a _

t hreshol d | eveham@ely whl £nthayspepghERmsppagyERIWiEl Se6t afe a2 MuIhdighex
as a "nearby" SyRhipg etife HePE TIMA ! Feaficdier cah swdcaptusted)! i Bt the

frequencies were uysed, then the signal__, strength transmtted by the base
transmitter wHRIPHEEIPR mays‘é??ésl?grsé‘kfrfe‘c‘?’r%t R ng ebéi/m%t‘ﬁé

nmobi | e phone usearsl t(be stieet mumbanal pfertims shets)ansnidist ethé ocpdeatrins
fixed with respe to.the na 9 ClLU nal.yser. . l:n. th
way, it is in&%’sﬁlﬁ%rt see@'ﬁg %%tg F%gggl&s:fsl gﬁcé%o?]o 0 ?ﬁ)eé%n%ﬁ%cekspﬁg"ne%e:eﬁs
from t he spectaxtits and&flyb=rmeari$ithat afhenesthe gwedp time ihiamet dio HFe s ,
t he nobi | hq._qlee- - ,wﬁgg Magksas ol b t ) M S t.
35 Tﬁled)sweep q'l?c'rreero the sper({:'gﬂrwum aﬁa Egg}rfﬁlss@zgtl %gr%%}iégrmd{)@ﬁﬁ
software. . H#s Sinee eacghchamenslat 1pstgg577 pant icde &ime slot will

L& msﬁ-/yw@zxzhheaatasgaqwt@rrearealw pointy &
to capture approxinate 10 T WO 98/ 3334,

advant ageous, thepdddehbl
PCT/ S&@7/ 00o0®nd 8 tlnlig slots (one TDMA frame) w:'611 be rferp(ﬁﬁ_%ertm w

frame has 8 tiget$lwbintsn one sweep. ‘These 10 TDMA frames are j ust _
sufficient, for determ ning the nunber of users (or nunber of time slots)
in a particul ar channel . If the spectrum analyser is set at a much

hi gher 5 sweep ti meInnordefDivd Eoanbtstharmbebenpefireserder ttime slots in
resol uti on may, n ffi Cj def erwyj; e fs (

he nunber of & | Aerapstid CERlhnkd, ARG Broniling  HEthsa (£
resol uti on of @@wPEREa poiThis | meathod is a¥pExY TRFE1REGRE t KAt WERSt HRE

sweep tine is pyicddsPlgMBpeed as well as accuracy. This window has a
20 fixed width of 8 time slots, i.e. one TDMA frame. The
windbw is formed by detecting rising 'edges of the signal

(see Figure 1).

A rising edge is detected when the following conditions
25 are fulfilled: '

1. The magnitude of a data point must be at least 10
peints (in ASCII value) greater than the previous data
point.

30 _

2. The data point must be greater than the specified

threshold level.

The above conditions ensure that the rising edge
35 detected is not due to fluctuation of noise present in the
signal.

. 1 .
The first rising edge is ignored, and a second rising



10 the interval between two data points will be 50/100 = 71.428 [err]s.
Si nce each | asts 577 [err]s, one tinme slot wll resent ed
by 577/ 71. W&ﬂa points = 8 data points, and 8 tine sl @S@m&%u\m

frame) wll be represented by 64 data points. 15 In order to
count the nunber of users or tinme slots in a particular channel, a

"w ndow' progranmm ng nethod is adopt ed. This nethod 1is very

efficient in ternms of processi ng speed as well as accuracy. This w ndow

has a 20 fi X%‘# gy di b ﬁgt%ctt'é@ ﬁﬂé thﬁesa&hrée 1111%«% rangith -Q}?e ) se¥bREOW

is formed by ecting_risin see Fiqure )
A rising edge Yising cedee &R ﬁ r@eﬁol I%vWH@d%n’éﬁ*‘(%BﬁsaZS’ fof 181 Fime.

1.  The magnidiyias ofs ar8ahadPesBe Miguriee 23t | 3a¥ed ®n this wmabm Sthen
ASCI | val ue) eat er tgan t he reV| ous

data point mu u’H‘é‘""br@ té’ra‘f"ha OLRLSs %%l@dmagnltu&etﬁ?ﬁs%ﬁqrr @Fuep

The above mndidowvestieestiveesheldt heveilsiisg cetgeredh detected is not due to

fluctuation of noise present in the si gnal . The first rising
edge is ignored, and a second rising WO 98/ 33344 )
PCT/ S&®7/ 00003 . In the software program usgd in cthe imetbodgt ecas
using the samg y ’@é%te&v tfnt h&xéecfjgéwch Eﬂoﬁﬂgelﬂet?ighﬁéd 78 ‘M:HQOW
having a width of 8 tine slots |is orne Figure 2) ased on

window, the thuesheldrlawe. BRich det Bef wygHha Rses n :ﬁs@xpw&ﬁesl in

above the {dr eahel sk | £vRbrhaleeuat ¢dlue. Howevérn, e spitd Ve E18EB8E2S
used in the nethod, as illustrated If‘ﬂthe flowchgt shown in Figure 7,

t he t hreshditi Fe¥BE, ofhith AST fo ustereiorBpr B SAPYGFSion 18

regquired, and the following two formulas are used to convert
the threshold level from dbm or the normalised value to the
ASCII 'value respectively.

15
ASCII value = 100 - [{abs(dbm value) - abs{reference level
100/340
ASCII value = noise base
20 + (maximum value -~ noise base) x (normalised input)

where maximum value is the highest value throughout the
whole data record and noise base is the noise level of the
signal. Both of these two values are expressed in ASCII.
25
The number of time slots above the threshold level can
be computed by dividing the total number of data points.
which are above the threshold level by the nunber of data
points for one time slot. As mentioned above there are
30 approximately 8 data points for one time slot. This can be
expressed mathematically ?s:
N = N

occ o1

35 where Nocc. is the number of occupied time slots and Nyor
the total number of data points having a magnitude above the

threshold level.

With the number of occupied ‘time slots determined for
40 the first window, 'second and third windows are formed



10 dbm or a normalised value. However, the data collected is in terns
of an ASCI | val ue. Therefore, a conversion is requi red, and the

. fol | owi ng WixP838344ul as are used to convert t he t hreshol d PCAERGI7TO0EH crm
or the normalised value to the ASCI | val ue respectively. 15 ASCI |
value = 100 - [abs(dbm val ue) -- abs(reference |evel)]

100/ 340 ASCI | val ue = noi se base 20 8 + (maxi mum val ue - noi se base)
x (normalised input) where nmaxi mum val ue is the highest value

t hr oughout the whol e ta record and noise b se IS e noise | evel
t he si gnal QIFRIEF ”ﬁ&g‘q RS 20 e&’résgfp &guEq %R' &%g‘umbers
The nunber of df Becupdienl aimee sllots Anethekd wErdbws aare a o clEimiteindd

di viding the total nunber of _d e t t

| evel by the k’mﬁfé‘? PYFLEA s %Bxgrﬁ%gac* DrPgH %ﬁngﬁé n?&g\é%s i &8%%%&‘
above there arsin®) shplps oxountely i ddtespothiree f $indawst | m'if'hgl Gtumbeml@f
~can be st eoﬁ:ﬁ%&é@%@@l‘@& Ydtur 1ng in fwo oF be' three38f the Widéuws

N err] of occupi ed tine s ots an t he total nunper of
data points haa fpkensdmi thecagbyad nHober ofy %Ri-qde\k‘lme slots (1.qyp

the number of ﬂi:é?ti-mmleflaﬁ ﬁbanedgheh@ aeerkyr «40 tHate ifristdnty ndogy, the
second and third w ndo f or

PCT/ SG97/ 0000 Xhree win ows ave mahree dlf}./\’%ené gmuxﬁbersalc?%c?q.?p%%§? H)m%ne
anot her (see EHipte BHee dibuie Nypber sthe aadtxm]:ummlerumfe ctoipied timse

w ndows are al.sq determ at i, S et
nunbers of %C(ﬁ}rﬁ cm“?‘ﬁﬁ%gsf‘%t gogo?]‘ﬁ% E]n g‘ esri}é%q reg?;%%doc\\%ee@.rﬁf&re
nunber of 5 ocm)u,prlﬂrbrt ianotHeant $howmwindpwsh wildd be fhrpedoftsing thedsame

is taken as the w@eﬁr@é Qgc*l_ﬂfo&%élf@p% £L8 dntfi a sat{%fyg@g{-y

nmobi | e phone users I nst ant ree w ndows have three
di fferent nunixgsn Déc@&t@dﬁq@r@r whppt SO X Yindows can e Eerped

nunber of occupi@giti MBhe scan due to the data points having been
15 exhausted, since a single éweep contains only 700 data
points which is equivalent to 10 TDMA frames (see Figure 5).
In this case, the number of occupied time slots that occurs
the most often in all of the windows will be taken as the
- _actual number of occupied time slots for that channel.
20 These method steps are illustrated in the flowchart of
Figure 8. e

The purpose of adopting the above method for
determining the number of time slots is to ensure accuracy

25 of the result. - This is because the software is unable to
identify the time slot number. This means that the first
window may be formed in any one of the time slots. For
example, if the window is in time slot 2 of a TDMA frame,
then it will end in time slot 1 of the next TDMA frame.

30 Therefore, even if the user is occupying time slot 5 of a
TDMA frame, the window is able to "capture" it as time slot

3, with respect to the window formed. The actual time slot
number is not significant and plays no part in the analysis.

35 When the channel is a Broadcast Control Channel, then
time slots 0 and 1 are unoccupied most of the time unless
some control signal is being transmitted by a mobile phone
due to call initialisation. This is because additional



10 slots conputed is not the highest of the three (see Figure t hen

anot her t higgsogiaagpws will be fornmed using the sane met ho cess
will be repeated until a satisfactory result is obtained g?“\%ﬁbﬁw%é?nore

w ndows can be forned wi thin the scan due to the data points having been
15 exhausted, since a single sweep containsgonly 700 data poi nt s whi ch

is equivalent to 10 TDVA franes (see Figure 5). In this case, the nunber
of occupied tine slots that occurs the nost often in all of the w ndows

will. be taken agnthel siagiadidl maybpe ehpeaeen 46 tHHe tsix@é ssiet bhaf the
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until no nore ndo can be.forned The nynb of oggupi.ed ots

for each wi ndo%?~1 aé‘aef"ﬁ'ilﬁg’doé’guﬁl o5 285 %\3—'«5 1”&3[51 t@llk&"% ‘e

occupation 10 thebac&uarle ruxder o asecup ledr timet sldesefornéheh8raadoaist

nunmber of occu ts for. t r C

conparison is g %’ nﬁggln?’l ?Lst g O%%ﬂé % %%%H%Qn%fooccu&%%n%qh -gl%ts

wi ndows in an apmpyted Nsxgreaaer than 6, then the number of occupied time
20 slots is taken to be 6. These method steps are illustrated

in the flowchart of Figure 9.

In this hotspot meaéurement, frequency hopping and
discontinuous transmission are preferably deactivated. If
25 frequency hopping is not deactivated, then a time slot
within one channel may hop to another channel (due to
frequency h_oppi_ng')., and two mobile phone users will be
deteéted, although there is only one. With discont_inuous
transmission, no signal will be sent by the mobile phone if
30 the user is not talking. Thus no time slot will be detected
even though the '_u_ser is on the line but no talking. In this
case, this will not reflect the actual mobile phone users
within the vicinity.

35 Channel Occupancy Calculation
Channel occupancy refers to the total number of users

in all the channels at any time. This is an important
1
parameter for the  network operator, since its permits



conparison is nmade to determ ne the highest nunmber of tine 15 sl ot
occurrence. The nunbers of tine slots that are greater than 4, and which
occur the WOBSB¥Mden, will be taken to be t he actual nunBEX/SEP7/60003ipi ed
time slots for the Broadcast Control Channel. In case the nunber of
occupied time slots conputed is greater than 6, then the nunber of
occupied tine 20 slots is taken to be 6. Th@se nethod steps are illustrated
in the flowmhart of Figure 9. In this hotspot neasurenent,

f requency hoppi ng and di sconti nuous transni ssion_are preferably
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anal yser to the conputer, such as a | aptop conputer, and storing it on

t he hard d|50ﬁ1¥gﬂ Sca1c@PRE P ﬁnately 2.6s. Thus a total of (2.6 x n)s is

required 10 tU—SCaﬁﬁihrUUd%—n—tﬁannels Therefore, the results obtained
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During the early days of teIeRhone mapual sw tchboard
occasionally, d providing separate connectlons for all

the telephone extensions is neither necessary nor efficient.

20 In order to determine how well a communications system

.is operating, the relationship between the offered (input)

load td the system and the carried (output) load is

required. This relationship is determined theoretically.

One method of carrying out such a determination involves the

25 measurement of the traffic intensity. Traffic intensity is

a dimensionless ratio used for determining the congestion or

occupancy of a unit. It is measured in erlangs (E). When

a unit under study (line to line) is fully occupied for an

hour, it is said to have a traffic intensity of 1 erlang of

30 traffic. Thus a communication line that is occupied for 30
minutes for each hour has an intensity of 0.5 E.

Another way of approaching the definition of erlangs

is as follows. If a total of n calls are made during a

35 period of observation of T seconds, and the durations of the

calls are h,, h,, h; ...,h, seconds respectively, then the
total use of the system by the users in the period T is



It was observed that the tel ephones were used only occasionally, and
provi di ng @gp@gslﬁ_connections for all the tel ephone extensions is '
nei t her neles Qéf nor efficient. 20 In order to det HTHIZ7H3nel |
a comuni cati ons system I s -operating, the relationship between the

of fered (input) |l oad to the system and %%e carried (output) load is
required. This relationship is determ ned eoretically. One net hod of
carrying out such a determ nation involves the 25 neasurenent of the
traffic intensity. Traffic intensity is a dinmensionless ratio used for
determ ning the congestion or occupancy of a unit. It is nmeasured in
erlangs (E). Wen a unit under study (line to line) is fully occupied
for an  hour, it is said to have d=f%affic intensity of 1 erlang of 30
traffic. Thus a comunication line t I{S ccupied for 30 m nut es for
each hour has an intensity of 0.5 E. i Call=SCCONMBt her way of approachi ng
the definitson of erlangs is as Toll ows. If a total of n calls are
made during a 35 period of observatibflof T seconds, and the durations of
t he calls are h[err], h[err], h[err] .... h[err] seconds respectively,
then the  total use of the systemby the users in the period T is

WO 98/ 33344 This is sometimes calledtheCmOWE3of traffic or
11 “[err] . This Is sonetines called the anoynt ég;tragflc
or traffic FEREFET okure F&n ddier Periehfer add e AYghade tl"rF?( i SFhge

amount of fpaf fisCthy akthint ide, teRPfbe petiuriitagtime, can be defined as:
[err] . )

i=n
zhi _

15 E = —-l—;—l—-— (in erlangs)

In the hotspot measurement, it is assumed, when
calculating the erlangs volume, that all the calls detected

20 by the spectrum analyser, for a particular chahnel, will
continue until the channel is monitored again. This 1is
because the spectrum analyéer, which is set to the time

" domain, can monitor only one frequency (RF channel) at a
time. If a particular sector of ‘a communications system

25 (e.g. GSM) has four channels, then the spectrum analyser has
' to scan for the other three frequencies before rethrning to
the same channel. During this interval, some users may
terminate their calls and, similarly, new calls may be
established. For example, a channel may have five users

30 'initially and, after scanning the other three channels, only
two users remain. It will then be assumed that the five
users used the system for the period of that scanning cycle

(4 channels). If the spectrum analyser required h seconds

to scan and transfer data to the hard disc of the computer,

35 then it will take the spectrum analyser 4 X h seconds to
scan through all the channels and return to the same
channel. Therefore, in the previous example, the fiver
users will be-asshmed to continue their calls for 4 x h



In the hotspot neasurenent, it is assunmed, when cal cul ating the erlangs
volune, that all the calls detected 20 by the spectrum anal yser, for a
particul ar ERERM i | continue until the channel is nREI/SGYAW0gai n.
This is because the spectrum anal yser, which is set to the tine

domai n, can nonitor only one frequency (RF channel) at a time. If a
particul ar sector of a communications systé 25 (e.g. GSM has four
channel s, then the spectrum anal yser has to scan for the ot her three
frequenm es before retuyrnin sane channel Dur| h| s |nt erval
Some users mau}“ser?ef"l’rhj'l:'rat]%gg tﬁEFPm85| Its" aRONTINYR ﬁ
establ i shed. sdosn@&xanpbimidaclgnnaheammerxtavewd mmemewﬁlBEbé nassainé@ aod,
after scannin e e n : I users remain. It
will then be g;sés%@ngﬁghE?EF% Efaﬁri% %Istfsggéyusseec?’% e systemfor the perl od
of that scanning cycle (4 channels). If the spectrum anal yser required

h seconds g to Sci‘ﬂuﬁndth"ea%fo‘%fn@%@ éfhff‘fc hf’éxd '@Hé%é’élé@%cfgpééﬁél

35 then it will tak e spectrum anal yser second

through all tHe® cERAnEPEaiknBUpbeLr OL diseRs sBﬁﬁa Chan%ﬂﬁéltlpll%@e]%rﬁhe
in the previ O%ﬁé\ﬁpbf ch%ﬁél\@rbelnguﬁeﬁitbtéﬁ BR1SpIiRG By Kpnwhare
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PCT/ S&7/ 0000 1s he time requlre for scanning ¥brough gdl, the; ehappels
assuned to conghaticatdebeingl henfiloréd;, land seconds. Simlarly, the next
two users wW.ll-be assuned to continue their calls for 4 x h seconds. 5
Thus, the ahmount of jtra 0 | | 5 o the total
nunber of users perEch %;ﬁgh%ul tflt Fred iocgdf‘;l-r &%%b;e_?d_é? channel s bei ng
nmonitored nmultiplied by h, where his the tine required for scanning

t hrough all the channels that are being nonitored, and 10 " E =
Amount of traffic for the period T T 15
In the soflfare used FREhEOHEMMRTE USRS ) 4R Melihrd, the enlangs¥alng
first computinpstéglenlanga w&l ¥ risay mutl@auﬁwleﬂ%q;&lemmai Pgrt bfie

erlangs val uescr?;nrtng Mid CHEh na%dd:.ng h:_eh er%.'angs values of the subsequent

channels R

20 A major advantage of this measuring technique is that
the result obtained reflects the actual traffic usage within
a specific location. This hotspot measurement is required
‘ to be conducted only once for a given location, and the size
of the hotspot area can be varied simply by changing the
25 threshold 1level. Thus, different traffic usage can be
analysed by conducting only one measurement for each .
location. Furthermore, this hotspot measurement does not
require any sophisticated or bulky equipment. All that is
required is a conventional spectrum analyser and a portable
30 computer. Furthermore, there is no disruption to the system
during the measurement.. | ' R



20 A maj or advantage of this measuring technique is that t he
result obt gdaghssef | ects the actual traffic usage within - ,{sg‘g&%
Gl @3 once

| ocation. This hotspot nmeasurenment is required to be con

fOF*fka*HﬁF44%%ﬁ44¥l—-and t he size of the hotspot
n! he 25 threshold | evel. 53Thus, dlfferent t af ? ysage

l acel
can ’ u ﬂ £ Hy conducting only one rreasurerrent ation.

Furt tspot measur enent does not reqw |cat ed
or bul ky eqU| prent. All that is requi rexaImsa conve

anal yser and a portable 30 conputer. Furtherrmre t here |s no d| sruptlon to
the system during the nmeasurenent. o = CLAFMS; 1.~ A nethod

of neasuring lusagd aofethml| whr meaditréng usagee| Qﬁhomleﬁplroylm@xlem
d vision miltlpegephonies %mployiﬂng/ﬁigewdtlwl'éﬁnprﬁ?ﬂ?%me”ﬁ@c@%@a (TDHA)

characteri sed conprises count e nunb
occupi ed ti fe ‘SF-‘ébénV\Pt HFﬁdﬁt?Dmnﬁdaﬁé' ey ftheniefhed COmPrltﬁlrﬁS oW ng

having a tinme ghdt hupted dfO ddiipida acihdPslots withiREadRBMAO FiHamed the
nunber of occupied time slots 10 within said time wi ndow. 2.

method as clained in claim 1, further conprising - count i ng the
nunber of occupied @ rmesheasadtdaiame&Dl\ﬂﬁ claim fr,anfuftheradonpi€ Lindg

plurality of channel.s and addin ef her _the r ective count
Values sy as (GOHBEIDE (jhe muRBer? gf. oq PR £ing (TTE | uifRfg, B amp
used wit hi a0safdame for peadiet enei el arpamralltys of /chanhells agnd addichg n
claim1 or cl &hggéthgr""”&r?é‘ Peggect%vﬁp%éf "soS%Is oZEEine [the

frequency IS us to cou occupl e

4. A nethod a§obrai raimber aff Hokddd n@eﬁﬁhﬁﬂéﬁplkéﬁmﬂﬁg lésed Wlthtlﬁre,ﬂﬁ?éi d
val ue for deteppeheRerifidiear®a not a given 25 time slot 'is occupied.

5. A net hod as cI ainmed in any precedi ng clai mconprising
15 3. A method as claimed in claim 1 or claim 2 in which a
spectrum analyser set to zero frequency is used to count the
said number of occupied time slots.

4. A method as claimed in any preceding claim employing
20 a threshold value for determining whether or not a given
time slot is occupied.

5. A method as claimed in any preceding claim comprising
monitoring transmissions from mobile telephones to a base
25 station.

6. A method as claimed in any preceding claim, wherein the

step of counting comprises forming a time window having a

time width equal to that of a TDMA frame and counting the
30 number of occupiéd time slots within said time window.

7. A method as claimed in claim 6, wherein three
consecutive time windows are employed and the number of
occupied time slots within each of said three windows is
35 counted to produce a count value for each of said windows.

8. A method as claimed in claim 7, further comprising
forming three further windows in the event that the count



nmoni tori ng transni sSTons from nobile tel ephones to a base station.
A et hod asTiid ShedtBigs Bean cgdr eceding claim wherein t hree

30
consecut i v&0 W34 nd yed and the nEFE§GI3100003
occupied time slots wt

id three

14 W ndows i s t'o produce a count val u
sai d wi ndows. 7. A nethod as clai ned¥n claim 6] ﬂn[j ﬂm ”ﬂ de)SI ng

5 formng three further W|ndovvs in the event that*t

val ues associ at with the firs ndQws_ ar reI at ed

a predet erni nef ?ﬁelasswla é %ﬁ’e% d‘fs[%‘cll&t’ﬁﬁﬁ “f’r{“{' ¥ A m ot
WHhEr €i n "~ Sai d ¥délated pindat predatdrmanadr nmagmexi.ses the three count vaI ues
being equal..... .. .9. A method as clained in claim7 or claim8, wherein
said predet erm ned manner conprises two of said count values 15
bei ng i denticaé- andAgr Bgtdod has t Ilatmed cbont Clafie. 8, wheyeim npaidd

as clai med §n gryaPEepRehed ﬁéﬁh&l— c&uﬁweés the thre&OfBhhEi 416881581 hgNY
a base station associated w the cellular nobile tel ephones belng

monitored to XAUAl.djsaple frequency hoppi ng during the neasurement.
~11. A nethod as clainmed in any preceding claim . further

conpri-si.ng. co ollLn Qr; the ase statian .associated. with said

cel l ul ar nobi [5;61 el pﬁ%ﬁggds%sa (i ci ¥ ord‘r:gééﬂt?hu%]ﬂ%reln said

transm ssion @rédgtemiusdgmmremprlses two of said count values
10 being identical and greater than the other count value.

11. A method as claimeé in any preceding claim, further

comprising controlling a base station associated with the

cellular mobile telephones being monitored to disable
15 frequency hopping during the measurement.

12. A method as claimed in any preceding claim, further

comprising controlling a or the base station associated with

said cellular mobile telephones so as to prevent
20 discontinuous transmission during the usage measurement.

13. A method substantially as hereinbefore described with
reference to the accompanying drawings.



