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| NTERFERENCE . I N A CELLULAR COVMUNI CATI ONS SYSTEM 5
CROSS- REFERENCE TO RELATED APPLI CATI ON B This Application for
Patent clains priority from and incorporates by - reference the

di scl osure of, co-pending U S. Provisional Application for Patent No.

60/ 033,502, filed Decenber 19, 1996. 10 ~ BACKGROUND OF THE | NVENTI ON
Technical Field of the Invention : The present i nvent i on _
relates in general to the co field an :

particular, to a nethad foﬁgm(;;)ém m a ceI | ul ar
15 comuni cat i ons - sy gﬁsgﬁMAl | ocati on
(BA) list to det mmneeﬁ%eﬁﬁ%% Inter depenﬁenm

Descr.i ption of Rel ated Art In order to inprove the radio
envi ronnent of today's cellular conmuni cati ons systens, many
operators dtilize sector cell (unidirectional) antenna 20 systens, and

aes gnmont " doci CHPRS HERBRENS R REEATEDARPLIEATION G <™ s 67 ea 1o
operator utilizes s KopRERCRE/BACUERILD el ot e PR b

frequent |y recordfergneecthe UBclosiwvof icogpendihg U.S. Provrsr@hﬂl)\;(pﬂr@atﬁomfdi‘lmeedtm 0
interference) and %radu |y |rrprove the uallty of the radio 25

envi ronnent . 60/033,502, filed Degepnber A8 al though AFA is recognized as a
substanti i mprovenent over ' h pr| or . net wor k . pl-anni ng approaches, its -
use creates a significant planning and cell - -assi gnnent problem For
exanpl e, AFA al BACKITROEBND OF THE INVERTIONd to nake cel |

assi gnnent deci si ons based on neasurenents of uplink radio interference in
t he 30 cells. 1 .Kfig ‘ Ven! utilizes AFAin a network with

a sector cell antenna S ste the u I|nktﬁ1nd downl i nk j nt Ierence
measur ements made InTgﬁpresent invention relates in general to telecommumcatrons 1eld and

in particular, to a method for estlmatmg downlink mterference in a cellular

| 15 communications system using a Broadcast Control Channel Allocation (BA) list to ,.
determme cell-to-cell 1nterdependenc1es o | |
Descri lated o
In order to improve the radio environment' of today’s cellular
communications systems many operators utilize sector cell (um-drrectlonal) antenna |
20 . systems, and automated planning techmques o assist w1th network planning and cell
" . assignment decisions. One such automated _ planmng techmque is referred to as
(slow) Adaptive Frequency Alloeation (AFA); whereby a network operator utilizes
| an iterative algonthm to automatlcally and frequently reconfigure the network’s cell
-'; plan (to minimize radio mterference) and gradually 1mprove the quality of the radio
25 environment. _
| Nevertheless, although AFA is recogmzed asa substantxal nnprovement over |
prior network planmng approaches, _1_ts use creates a srgmficant plannmg and cell -
assignment problem. For example, AFA. al_gorittnns are currently designed to make
cell assignment deeisiorls based orrmeas-urements' of upiirlk radio interference in the
30 cells. However., when an operator uti-lizes AFA in 'a' network”with a sector cell

) antenna system the upimk and downhnk mterference measuremeits made in any .
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given cell (i.e., for a specific channel at a specific point in tinme) can
be poorly correlated. In other words, for any given cell in the
networ k, the uplink measurenents that are nmade do not record the.
radio interference created by nobile termnals |ocated in the area
behind that (sector) cell's base transceive# station (BTS) 5 ant enna.

However, radio transm ssions fromother cells located in that sane area
wi Il create int8iveareHcl -eonfor mespgeifie] gharned fat atspecificcpointeinl timghcanxberpberly hat
illustrates the_poor correlation between such uplink and downljn

cbi38facc” " G Bl ol oo @hupt sl prcienabverk, the uplink

nmeasurenents is

Referring to Fl Hifre it that'ard r : B 10

the uplink in cell A%n?drtlg;n I nt gira?gfrdgr@gf?&fﬁna%gﬁﬁaia%%ﬂngig&a@nma ) -
woul d be termitialsflocatedtin the aled behind thatr(seetprpedll’ y bast eransdeider Statida{(BTS) an
AFA al gorgnk;m m ght "syggest” to the network operator that cell A
use the sahe fr&deER: Bowsver, rdi@ tgagpissions from other eslls lecatebim thatigmearen

A240. However, | I t:at hj,S 3 stion" . ' uld create a
si gni ficant. pr ogﬁignﬁéﬁgll@%g@%ﬁlgér !ogx #‘gr%ﬁgﬁ%%’%@&@ﬂ’ef‘n‘:@m |3Th CXgEpie at

because radi o tillangdtesti Pasr Corrdlatici bet@redsueAhipin® had do@hfifk AfddsedOntaul d
create interference in cell A on the downlink. Notably, this :

probl em coul d b¥hoaxmoindghe cell plan of FIGURE he downlink interference being
created in cell A coyld be a y..measured or ' at | east
accuratel’y estimat edirie emngto‘ﬁ&'ﬂ)ﬁei, fﬂhwsr?ﬁ?%maﬁ‘gﬁ@eawe@ﬁe%méw
when atteppts aghe upBSiein @1 e ?nt@ﬁer_e?ce HEAelIE l"Al"Z@,d.'A(iSG,n%ﬂ ASiFRoadEY
frequency pl anni ng” purposes. For exanple, one technique that can
be used is to ndifiicule to ldetedbwiConskquentlyy far that situdtiphi aat AFAealgorithm might
network's base statiqn. However, since the downlijink interference is being

measured sugggst’ 4a (ke peREork spefatar thag cell Ariisedhe game,frequencies s those used

recei ver's ant ennd.ii.S ' : l.onesteadi ng 4.s.i nhadeqguat,e
froma testi ngeiglngpngpél'rla ’ia%?:éa’q arsnﬁ glr%gbi Iﬁlf) We%\erbé'?@ geﬁe;%qwng?fa%& 33€$F% | d
be to measure tweuldoseite Nk sighifichhtepbletn dor SRCHoBIle ttéithifiMIB 1b&ated in cell A,
stations' locations-in the cell. The nobile stati ons woul d make the-

measur engift s | because radie| trausissions eeiginaiing inceBa £ 20: A18@and A240 would create
Anot her techni f e ed.for. dowal int erferenc asut S
is to place t hgﬂﬁer%%gfeeﬁ'ea%pg’éaﬁ?lben%%wyg' \;Nﬂtﬁ elth.lﬁprq}ﬁ?'?énglr‘?t e Wokcgg? i

| ocations in 3Ghe dowﬁliﬂ@idtelrferéiidé%ﬁigec]‘.jééth‘d irf &1 cha}d’ Wadegh&éiﬁh%ﬁfedid} the

cell can be neasured at al ) of those fixed locations.
Unfortunately, mmagtmumdyhrsmmmdres a networ k operator

Numerous problems are encountered when attempts are made to measure
20 - downlink radio_...i-gterference for frequency planhin'g'ii)urposes. For example, one
" technique that can be used is to measure the downlink interference right at the
network’s base station. However, since the ddwnli_nk interference is being measured
at only one point (e. g_;, where the 'base'.station receiver's antenna is located), this
lone reading is inadequaie from a testing and operational standpoint. A better
25 approach would be to measure the downlink interference at each of the mobile
stations’ locations in the cell. The mobile stations would niake'the measurements
and report them to the base station. | -
Another technique that can be used for downlink intérfefe_nce measurements -
isto place the @?ésurement equipment ata nu‘_mbéz_"_:c')}'different, fixed locations in
30 a cell. ansequently, the downlink interfeizég m Ehe_ céll can be.' measured at all

of those fixed locations. Unfortunately, this approach requires a network operator

A
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to purchase a subst anti al anmount of addltlonal measur enent “equi pnent; which
is - quite costly to install. and maintain. In fact, this added cost
typi cal I'y outwei ghs the benefits that can be der| ved from maeki ng
downl i nk radio interference rreasuremem?s . at a nunber of fixed
| ocations in a cell. In other words, i.n orde'ir to obtain the best 5
results with such a downlink measurenent approach, the neasurenent

equi pment to pwehase asubstantial amapat of additional; measprenynt eguipment, whichris ¢ |

CFeays have. suimits sorly g Il bR, 5 Bes) AR ARLHULL GHEARY Gflidds e
anot her techni qqﬁnéﬁt@tha@éﬁﬁ&ldﬂﬁé@'ﬁﬁﬁhgﬂﬂﬁ%ﬂbwmmdmﬁ% iritkrfbreh€d b RRGEerkd

in a cellular network is to use neasurements based on the nobile's BAlists

(or a ' s iatra [nambet of fixed Ibecasipne e a eell. IFothesveords.dn qrﬂenm@bta;nlthﬂ best
A obal Sys%“eem for lgb tﬁ nmuni cat i ons g} t he GSM nmo
terminals asurr8 EMH} f¥chs3 gawplink measuremep PR F%F ’BﬁaSBES‘(BlFm equlpmem

frequenci es. Jc?tg e S
oper ator and pI ac on t he rrgb él'% ﬂgA‘??zﬁ ?n%gb@v%vgélﬁ trahlﬁg ?ccuﬁ %ue |s 15
limted because dﬁmmﬁ&allyethaerﬂknabmorﬁoupdrmk wilgrmWaysd ﬂﬁnetkudiekﬁuwmdgat S

are confined to those BCCH frequencies on the BA I i st, whi ch_i S. no
more than a |istbefgrehand).  the BCCH frequencies used in "nei ghboring”

cells (i.e., cells b ane net-her Further those_
BCCH frequenci es on ﬁ%ﬂf@ﬁﬁﬁq@&mqge%tc@gﬁeusegtform dptegffg
~report baqly to tig i xk’et@oikaﬁ%%’s@hieﬁ&r@ﬂeﬂts‘bﬁébﬂeor?&e mobﬂ@@ﬁ)( H§f§’(é§a
made for the six strongest BCCHfrequencies, where the termnal

successful ly decsudﬁathshefﬁmmma)ecﬁﬂmamsleaundm mlﬁlpbﬂcﬁjsmmﬂﬁlmbﬂe
SUWMVARY OF THE | NVENTI ON It is, therefore, t. of t
oresent i nent i GrOBNREEHOR AFSM)o dhe GSM mobilei SRR Téash dpBRUEK Sigal

ToASUr SNt | 1 el dH ba BUCRtogtRLledthlsk SUCArEREALEs are defined BHOY

sel ected for the ce s a ect € present

invention to praetwisrkaperson adt slaced dxhﬁe mOblle s BAdyw. lmemnéxe this teshhiiyueris
the TCH frequenm es assigned to the cel Is yet anot her

obj ect of 1he pritBied becalissthegnobile '}eﬁ&@éﬁs doprtink signal ptrength measurements are
' confined to those BCCH frequencies on the BA hst, which is no more than'a _hst of

the BCCH frequencies used in “neighboring” cells (i.e., cells bdrdering on one

another). - Furthermore, of those BCCH: frequericies on the BA lists, each GSM

mobile terminal can report back to the network’s base station only those
20 measuremenits made for the six strongest BCCH frequencies, where fhe termirial has
| - successfully decoded the associated Base Station Identity Codes (BSICs). | .

. SUMMARY OF THE INVENTION |
It is, therefore, an object of the present invention to facilitate use of
25 downlink interference measurements in a celtular network when new frequencies are
being selected for the cells. | | h |
It is also an object of the present invention to provide an estimate of the
downlmk interference in the TCH frequencies ass1gned to the cells. |
It is yet another object of the present invention to increase . the overall

30 Camer—to-Inte_rfe_rence ratio (C/I) quality of cellular nefworks.
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~ PCT/ SE¥VQ 8827563 I'n accordance with ti‘Fc’% PR

enbodi nent of the present, invention, the f or egoi ng and ot her

obj ects are achieved-by a methaod for use in a cellular . :

comuni cati.ons system whereby the network's BA lists are nodified so that

t'he nmobile-terminals in the netwprk can neasure downlink ,
interference on 5 predet ernined BCCH frequenci'es and in all cells
where the nobile &ehadtoRdinte Wi the preferred &6BéEhentHEMHS Mﬁﬂﬁﬁéﬁiﬁxﬁtﬁée then.
reported back .to the network base station. Know g t he frequenC| es

measur ed andf@egaing i andoodther Objdw b@seclw@du by armhqdhéor use in a cejpjar ed

Tappi ng o-  EABRPBeROH HEGh SR e ﬁ&gﬁéﬁm 2 AT So Bt o1«
T e rgmt ol 5o % ok ndlehe! RAIAR ki ener

path | oss between cel ased on path | oss neasurenents made.

bet weers nobi predetriined| BCGdereq:iehsB:s and in all cellsuwhére thamobile mexﬁﬂﬁﬂs atee the
C1 or Carrier-to- A,gg‘acent ratio (C/ A between cells, or
conbi nati on lecatedosEhesa Megsuremgnts agg-thep éﬂ?‘ﬂ?@lh@&k %ﬁ\?é&tw?ﬂeb%5§@“§!1 at i on

cubtract i ng KRevig e frclBkibics ilash B $ol BUICE svclvedl o e RN RMOE R °; O
anot her neastipRgted Sheastidnidhts’ 0 e corft@pbnding cells CEtid Baaéestﬁlﬁbﬂ RSesSais/ ed

cell). The path | oss can be cal culated for every nobil t er m nal
and every' nepRppingeie oreatera mll—wmﬂhumrdwmudsma{ mafronanhamgmmed)f

T
such, “these Eéﬂs # gﬂ%ﬁﬂfﬁss meaé?ﬁerﬂéiﬁs RRAObLRED RRIHIE RenhiRAL dnd ¥hlsyD are

based on the - of frequencies, provide an accurate
esti mat e of blhtat ckmnllﬂm dekcribe ttheer Cﬁrmrmanemtot—héja&’ﬁﬂ ratio (C/A) Hetwepnarelis,cor as

| BCCH f | {1y
Gownl k.1 nt &FPBPERRD O gse Sy ok & c&&aﬁﬁgnea@m‘fﬁ?ﬁa% Xt aW‘\‘g'ﬁe%ew
f

requenci es gle,fehid (ﬁﬁd/ﬁfh%dcho& é/%étwe@x?c%}gsr é’?ash‘ ity BF%EE%&WrgetEh

THE DRAW NGS ete un he od and

appar ajdis of sifgfit sperggeol the measured tellsefrdm anottraymbsuwbdny(mﬂf execoftthosen t he
follow ng detail ed description when taken I n_conjunction with the
acconpanyi ngcqi}samlng §h9\,rsgqv§qi ¢ell). The path loss can be calculated for every mobile

- terminal and every measurement reported, which prov1des a substantial amount of

 statistics on the path loss (and/or C/I or C/A) between most cells in the network -
(i.e., a measure of the interdependency between cells')'." As such, these calculations
20 - of the path loss between cells, which are based on the r'nodiﬁedE BA list -6f
| frequencies, provide an accurate estimate of the downlink interference in the TCH
frequencies as well as BCCH frequenéies assigned to those cells. Consequently, the -
- downlink interference in the network can be taken into account when new

‘frequencies are being selected for a cell.

25
~ BRIEF DESCRIPTION OF THE DRAWINGS
A more complete understanding of the method and aﬁpafauxs of the present
invention may be had by reference to the following detailed descnptxon when taken -
in conjunction w1th the accompanymg drawings wherein: _
30 : FIGURE 1 is a diagram that illustrates an example of poor correlation

between uplink and downlink interference measurements in a cellular network; and



30 - FIGURE 1 is a diagramthat. iIlustrates an exg%gzg,&{) or
3

‘correl at | WP98/27763  petween uplink and downlink interferenc nts
in a cellular network; and WD 98/ 27763 :
PCT/ SE97/ 02123 ' ' - ' - 5-

FIGURE 2 is a sinplified blegk diagram of an exenplary cellul ar
comuni cati ons system which can be used tos.nplenent the preferred nethod

and system of the present invention. 5 _ DETAI LED DESCRI PTI ON OF
THE DRAW NGS IGURE 7N rﬁfn%ﬁ' dggl%j : e ’Rﬁ‘?ﬁ t
I nvention and its ad\Faﬁ;t agesi-at?eg . lli.l(éébglggeu&rl\l rstgggdgﬁyere erri r‘i‘é“‘%l%r'

FI GUREs 1-2 of tcomnmnivatioigsystemk hivhnoahdeused® torimplement the peefdried mdthddamhd
correspondi ng parts of the various draw ngs. : Essentially, in
accordance W t hs¥steipsrfdhe presentiBvanDiioRt of the present 10 invention, a
cellular network's BA lists are nodified so that the nobile termnals in

t he networ.k can neasure downlink interference on predeterm ned BCCH

frequenci eg. Thmgr@g’ ED DESC KEQF‘I'HEPD gy nade on the BCCH
frequencies in all cells V\Eere t he nmobil e terinz?&na s are |ocated (e.g., the
si x strongest Theepreferredrembudimentt aff the pa¢sehDinveRign ankhits advantages are -
nmeasurenents are then reported back to 15 t he base station. Knowi_ ng the

frequenci es neadgytdadersigoshy refesrmg o IGURE 1 7.afthe drawings,dike myperglsheing

maps the r eport gd, i’l&? ' r - . The base
station system uses ﬂ%%%%ﬁﬁ%éﬁngmgr%%cogﬁggggﬁh -t%—g{’:ve "interdependency
mtrix from tHygeritRi9!] tif hebBdankee Witht & - pre¥esiel’ @bodimieRe of Bhé ipfesent
describes the differences in path | oss between nost cells in the
net wor k. 10t er ndnventon; a celelanpetwork’ SBA 1i5ts-are modified st that theemGbile tarmiials in

bet ween those cells. For, each cell being,.served, the base ) t.aftj
oystem cal oul at 838 CHREWRER rFafo SeapurRRBM ARG ETieFIce AP iRedatermiped KO
subtracting the gfL00hdied Sﬂ% |3 ﬁgﬁé{h r er
measur ed ' ﬁrege?f‘ 1%f/,jvit o%esmg%rt% ose gie‘?‘%{si el ngeﬁg’eglgrh{llée Bc@F]I ; iilEe
path |1 oss can béreqedncies &t alticells where the miobile eersnimabdark dodarednferm| thersdx strongest
nmeasur enent reported, which provides a substantial 25 anount of

statistics on tRellsher mabge ten M2+ Thesermeaspremgntis;are themeepaaedback to

G
| 5e { bet iden o e Hafor! Kb e oSS \nla RR SR BSRC Buowhd e BRle i
C/1 or C A infosaRéh Systen fapd'@e r¥ported measurerfGh fo the Cor¥pendiay @ele e The base

al l ocated a co-channel or adjacent channel. . ) .
station system uses this mapping to produce a cell-to-cell interdependency matrix

from the reported measurements. Preferably, the matrix des_cribes the differences

in path loss between most cells in the network. Alternatively, the matrix can

20 . describe the C/I or C/A between those cells. For each cell being served, the base
| station system calculates the path loss (and/or the C/I or C/A) between cells, by
subtracting the _repofted signal st'renéth of the measured cells from another measured

cell (with one of those cells being-the served cell). The path loss can be calculated

for every mobile terminal and measurement reported, which provides a substantial

25 amount of statistics on the path loss between most pairs.of cells in the network (i.e.,
- a measure of the interdependency between cells). This path loss '(between'cells)
information can be used to derive the dowhlink C/I or C/A information, if the two

cells involved have been allocated a co-channel or adjacent channel. |

~As such, these calculations of the diffetences in path loss between célls,

30 which are based on the modified BA list of measured frequencies (or a similar list

of frequencies for a non-GSM nei_w_o_rk),_ provide an estimate of the downlink



As such, these cal cul ations of the differences in path | oss_between ells,
30 whi W@ %R3@ased on the nodified BA |ist of measured PCIREEHIAL, (or
a simlar |ist of frequencies for a non-GSM net wor k), provi de an
estimate of . the downlink WD 98/ 27763 o :

PCT/ SE97/ 02123 ' - 6-
interference in the frequencies assigned tagthose cel I S. Consequent ly, the
downl i nk interference in the network can be taken into account

when new freque &e@d’e gnaﬂ &0-e1or @sm

for a cellular %wor ﬁgiﬂﬁ"g othb 19 @onﬁ%htemfl §S| gh ceI |
f requenci es, t hénterfeience of memmeman%ethkagmombeuﬂﬂmhei new fidgaemeis afe
Ther ef ore, the risk will be dininished of selecting a frequency for a cell

in which there bsingosplecird far a eelbe Afoa resulty forr &5 i pllsmgkarmdaptwe

. Interference on th \br.eov overal |l qualit the"
network (with rg%oég]?mttg 3(951?51 C&W}wqugmlﬁ ttre Btimpﬂ'c&glggg&essary éltanges %mog

- Specificalsy, Fldiized Therefosd, rimﬁﬁd@mwaﬁblﬂleawfe&@ﬁn%a& ﬁ‘éll%k%ﬁ’aé&l

cel lular comuni cations system whi ch can be used to | erre _
preferred - in whighithete iseoonsidéred e bp ne dutarference on tlterMpliﬁkrbm lmnterference on
enbodi nent, the ex ar stem t he For this
exanpl e, the nett%&{m?l}‘ﬂé @f%ﬁ% e joyerali ‘i"‘é‘ﬁtﬁ‘e‘?tj é’E netwo%%l}/lwxm REpes9 D
cel lular macro RahWeikc Jdge?g sector antennas.. However, the inventive
concept of estimating ink interference usi ng a modi fied BA Ii st, or
other .15 . - sim | ar Spesificaily, CRRGURE 7 iequimplificl blo%krdiigramtemdﬂdxéxﬁph@
limited to any particul ar type of network equi pnent or antenna

system ah@ cancellay commwamw systegh ywhich can be \sssért@pmpémemybe potfemeshi | e

conmuni cati ons ne

(steerable) ant Slﬁ'&?%nl%n%ﬁﬁe present mve%ﬁg’{ E@f gflf/ e@gglg}ﬁnidﬂ ?H‘P}‘Wegsleﬂt o]

three subsyst emghovin e GSM! adrQhiseiRhpiOthe netwoﬂtztﬁ'pé‘ dt&emse@ts%' i9dMetric,
subsystem (BSS) 14; and a network subsystem (16) - zi gzag"

arrow 18 repres bexagonhlecallalir magta netwogk tlsmgz w;ommmaa tHoweRSS thel namitlYEhe

MS 12. Al th h | h f | t t

pur poses only, 5%“59?“ on HOW'I\‘/IB ﬁq}sﬁ%ovg%l%a %‘ﬁ%ﬁﬁ%;@téﬁ?ﬁf‘a

i nclude ajl ur akjshiyarOfist W%hﬂrﬂn%l frequencies, is not mtende-ﬁ% lﬁsﬁ? éggr of
NEL I ady bt

a plurality of BTSs 20, base statlon controllers
Oper ation and Stygeoof mSwsrleeqf fB&)t Grlantéima lsyRER, Zﬁdtoansneselt, tfer example amyadi o

transceiver units (not expli mtlﬁ shown) that define_ the network's cells.

The ‘ BS@P@?PHQWag'Qe t¢femoRle &OF’@WS%S f”GFWQfKeWHP %delﬁqcnpﬁ‘g &TSs
20 and provide gfapive (steerable) antennas. -

Exemplary system 10 is dmded into three subsystems a moblle station (MS)

20 - 12; a base statign subsystem (BSS) 14; and a network subsystem (16). The “zigzag”
| arrow 18 represents the radio air interface(s) be_tween the BSS 14 and the MS 12.
Although only one MS 12 is shown, it is for illustrative purposes only, and it should
be understood that system 10 can include a plurality of MSs (12). -
* The BSS 14 is composed ofa plurahty of BTSs 20, base station controllers
25 (BSCs) 22, and Operation and Support System (OSS) 24. Each BTS 20 houses the
- radio transceiver units (not explicitly shown) that define the network’s cells. The
.BSCs 22 manage the radio resources for one or more of the BTSs 20 and provide an
interface between the MSs 12 and the mobile services switching center or MSC (26).
The OSS 24 prov1des an operator with supervxsq;'y funcnons for operating and
30 mamtammg cellular system 10.7



I nterface between the Mss 12 and the rmbl | e services switchi ng- center o_r

M5C .(26)- 127763 The OSS 24 provides.an operator wth supeis@ﬂ-,gmzu3
functi onswP(?P operatl ng and 30 mai nt ai ni ng cel lular system 10. WO
98/ 27763 . . o
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The MSC 26 is a central, corrponent of the net wor k subsystem 16. The MsSC

26 typically routes cal Is to and froma PuBl-i c Switched Tel ephone Netvvork
(PSTN) 28, which is-external to cellular system 10.

General ly, in the GIte MSCI26HSG ceatal compbnentbﬁthans@torb’submexﬁm ThaMSC 5
associ ated BTS (620) whi ch other BCCH carriers to nmeasure. Thi.s instruction

list of lﬁ@}y Tgeiep cellstp aad fromya Ruhlie, SwitthedielephoneNgaork (BSTRY
12) BA lists. lLachannel which is mapped (al on
\(Nit)h ot her contzrgm ahne otn c%ﬂ%%?s‘t&ﬁlo tinme- slot. Hoagver( theg

BCCH can affect ot hetﬁeﬁdrmy Sinofhe GSMY| eadeBSC(D2) HRfrBets a set of MS$S @Q)Y SAE S
(conmmonly referred to. as the BCCH carrler) In the GSM the BCCH 10 .

(time slobf) is aswciatedFPBY(20Navhich gsherBCCH camriers fsoinnasuge olhisrinstmadtion list of
br oadcast . BCCH t .to th f
VB (12), such oder BQFH caries 1 mgg R e o Epessive ALSS. QAL e AaprCH °
nei ghbor i ng BOGH, ¢ éa&%l%cﬁmﬁﬁcﬁed (along with d@éfi‘gﬂ%ﬁ&ﬂéﬁmﬁ?ﬂﬂ%s&ﬁ’g@e

(12) always "knows'
frequenci es ( naiméiioti nHoBe@t, ahe BCTH canraffebeotﬁSMtumslmtsl that slearenties same 15
si gnal power. If a Ms (12) can successfully decode the BSIC in a BCCH

carrier, frequencics (FRMBOBerTerRRa t9casdhe BRGH camics). ntn the/5SMy theeBEGES | t

back t b t \YSS

Pack £ 0S, D>t M popeegnd BB mireglst bbb BBl 1
power measurements) AfB(!dJH élﬁ‘ﬁ/%%§ééﬁd Ehf@ﬂnﬁldnelﬂtthélrsetms (12), such ad,&of-

every Sl ow Associ at ed Control GSM .

anne eriod in the GS
For the prefer reaamplﬂbclmcm Armdond%'r&tl’d) Ulmghbt)emBB(D@Ht@mcﬂs, dmi/\nIHSMZ

terf t g, th t
of oSO SRRy et e B S 2 BTt Knoeh e Eap i HER T felonssy
frequenci es Wh'tﬁét frequencies gﬂetg%eﬁﬁg %@H%&é@slﬁ fhel GSMIUh WhidH'® ﬁ@§sure

signal strength neasurenen Preferably, in this embodi ment, the
rmdl ficatlbon i sxgmblpoWer [ Itfcdhfﬂe(m)lcanfsudcbasﬁhlssde@ﬂe the BSKLiin muBGEHgiammrl | s
(i.e., not JUSt t he "nei ghboring"” or ,bordering cells but wt

del eting any ofth¢m# Stefss Hg mepsureaentripformation and dt anl%t%@e J‘ééﬁjs‘fﬂﬁﬁ’n
hand I
[ ﬁtn e(r)t/g; ence esf’ Y%‘g@ XA air Hwﬁ&%&r :c')%’tseelgggsf@f%htﬁ e§ | #eﬁ@%@ﬁ@h%pons

operator. The rastlidiag tﬁf_\sﬂghélt POVt 18€asRfed@Hes) b the base station on a regular basis
(e.g., every Slow Associated Control Channel period in the GSM).

20 o For the preferred embodiment, in order to use the BA lists for downlink
interference estimating, the metwork operator. modifies the nominal BA list of
nelghbonng BCCH carriers to form a predetermmed fist of BCCH frequencies which -
‘the operator desires to include in the MSs signal strength measurements.
Preferably, in this emqulm_ent, the modification is made to include all of the MSs’

25 “surrounding” cells (i.e_., not just the “neighboring” or bordering cells), but without
deleting any of the nominal BA list frequencies that are to be used for handover
purposes. The BA list can be modified for downlink interference estimating
purposes as often as desired by the operator. The modified BA list can be broadcast

. from the BTS_s (20) to the MSs via a Slow Associated Control Channel (SACCH)

30.  using a technique described in the GSM Technical Specification 04.08.

_' Consequently, in response to receiving such modified BA lists, the MSs-(12) in each



from-the BTSs (20) to the MSs via a Sl ow Associated Control Channel (SACOH) X

30 using a techni que described in the GSM Technical Specification
04.08. WO9827763 Consequently, in response to receiving sFSHSRMZRI BA
lists, the Mss (12) i n each WO 98/ 27763 _

PCT/ SE97/ 02123 . - 8- - cell

can thereby neasure the Si gnal strengt hs of BCCH frequencies -for many nore
cells than just the nei ghboring cells (d?pendl ng on the distribution and
| ocati on’ of the nodified list o ceIIs) The Mss (12) then

h .
oree i1 oreltcEm RERy e BB gkl strenetns of BOC dbqtercedrof BB 1GRa 1,
cel I's, which dan@mﬁiqasttche nSIpRBGYIMY calls (BepRndiRgicd @Bt defibution£a!bcation of

dependency relationship (since the stored reports relate .specific cell
Wi th numer ousthe modified listnficelis)s (FhedBsi(12) than transmitheir respegtiveBA remrtsBSS

Sottings.  and i ES E14). mspEidey i stores ol ef RS MSH] resticing BA pincnd |
(using g proea%geﬁzesttrem%@teen@t@ﬂhcﬂq»gga%km?%gsfaw srégxhnman f,%gﬁenc' es

10 In the modified BA”IT st ccunul e resulting

conput ed est idependerncy relatlonshxpc(\sinbe the storécbrebertemlae Ispéoi)ﬂitrméllsamth atglerpugduces
a cell-to-cell interdependenc elenent in the matri.x

represents t [Ehes sumoynding cellsy. E'IAé ﬂ@éPQ@hdh%BS)éJ(M) uses the nqﬁwow’s\fremnmen the

net work cel |l | it

matrix is co%’posegd ?TS AZ(PSP"W"'_F%‘B?’ pralngygg%ugggpyg’%ﬁebﬁg g\ed%ggl @%ﬂs to
cover the ‘nursempu$ (BilglaSproesédipthe estimated wmlimeﬁeenwﬁﬁ%@fmﬁ&hcﬁs _
network with 100 cells, there can be 100 rows and 100 colums,  -with |

each ra® and ie&eunedifiehBAdisht TheyBSS (14 nequomlatesithe rsulting capputed IeStsnated

| ;I'Eet ﬂlef f_eren(‘ae ﬁ;&poatg é 0SS . (’Pjr?lr&?é al n e%?“?ﬁ?e%ﬁﬁ,t#slmqa st ored

col um. The Rafhx! Each eément 1ﬂhéhﬁin?ﬂgf‘?r5§%ht§@ﬁé‘pﬁﬁ'lés§ t C§+éc&llaﬁﬁfrgf/fd at

the appropriate row colum intersecti . can ate
- first cal cul @riGid)tbetvesatthe hetwork cellsach ceI | fromthe SI gnal

strength measur e ts report db s.in each cell (e. _base. station
transmit mép SF%?é \'}gd igterdemendepcy: A n’éa%QJPEQf""EWtﬁ%

respecy ve' ﬁn'fiﬁ‘e ,Jgﬁﬁs ( r.

bet vveenscel :\@ﬁ%rogﬁge ca CJI %t'; ’é%“’ 9{?@}‘:8% rai %’aﬁ‘???g@ nﬂﬁ'lbg} ?régc,lg nq%?h
path | oss comptwoekl. For exanple;dor £attvofk with 100cets] theleeas be(moltbﬁdaﬁ@lloo
the surrounding cells (based on the modified BA |jst of all surrounding

BCCH cpRumpse Witheaach 5w gBg colunn rpresenting v diffareyiione of ghe 100esllser | ng
BCCH fr equen‘;[lh%sa:fference in path loss (or path gain) between any two cells is stored in the

matrix at the intersection of that particular row and column. The path loss

20 - difference between pairs of cells (stored at the appropriate row/column intersectiors)
' can be calculated, by first calculating the path loss in each cell from the signal
- strength measurements reported by MSs in each cell (e g., base station transmit
-power minus received signal strength measured by the respective MSs). ‘Then the
path loss (or path gain) differenice between cells can be 'calculated by algebraically

25 subtracting the path loss ¢omputéd for a given cell from the path loss computed for |
the surrounding cells (based on the modified BA list of all surrounding BCCH
frequencies, as opposed to just the neighbqi‘ing‘ or bordering BCCH frequencies).
“The path loss difference between a pair of cells is then stored at the appropriafe
" row/column intersection in the interdependency matrix. The matrix can be stored

30 in an appropriate memory storage location at the BSS (14). The C/T and C/A |
| between these cells can be calculated from the reported signal strength ineasurements



The-path loss difference between a pair of cells is then stored at the
appropri %8 row col um i nterseetran 40 the interdepgaibgogsaRnt ri x.
The matri'x 3% g3e stored 30 - in an appropriate nenory storage |ocation
at the BSS (14). The C/I and TA bet ween these cells can be

cal cul ated fromthe reported si gnal Strengt-h measur enent s WO 98/ 27763
PCT/ SE97/ 02123 : - 9-

(based on the nodified BA Ilst) in a conve®tional .nmahner and stored in the -
matrix, - : if the cel Fs“involved i-n each cal culation are allocated
with a co- chan(’tmkedjmnthdjnmmlﬁind BA 11st)ma:¢mrvamioﬂalmuncrcapdstoridanﬂaimatmss

information stored in.the cell “i i nt.er dependency matrj X

provi des an esiHithaeedisgnvalyed Hb%ﬁhlcﬂle aHPEM&%@dIWﬂ% # go-channel OFPQJ&E@ACl es

assigned to th Congg ﬂﬁp{ nterfar 1

t he network caghag&gfaé&# ﬁn‘{ 0 acco V\A]ésésn lﬂguv{/ﬂl ?}l@%u%ﬁ%%deéﬁa?% t%gﬁgto c@ll
sel-ected for mterdepexﬂéﬁéy ﬁﬁ’tﬁx pﬂhﬂl&d@ amodstiRfatd! 5L thel QownlEike i@ féreRceoineths | |
quality of the network (e.g., - terns of the C/1I)

Al t hough & pr efrequﬁmeaeangxgded@rthe sime hdlmemqmyaﬂmdwmmtmemeeaent

10 . inventign een illustrated in the acc in

described i t g nevor canfbswﬁa. i) R PSS RPEALHeS e o pd felgsasd for
under st ood t ha&ach*ib@ll | W wsed "9 lindredtk tsoverall guallfi' ‘bfftﬁlﬁn&%ﬂ@ kéTF

di scl osed, but s capabl e of nunerous rearrangenent nodr f catlons

and substituti teams of theodfI).departing fromthe spirit of thé invention as

set forth and defined by the foll O\Mbog' cl ai [rs. WD 98/ 27763

PCT/ SE97/ 02123 though a preferred embodiment of the method and apparatus of the prgsent

10 " invention has been illustrated in the accompanying Drawings and described in the

foregoing Detailed Description, it will be understood that the invention is not limited
to the embodiment disclosed, but is capable of numerous rearrangements,
modifications and subsntutlons without departing from the spu:lt of the invention as
set forth and def'med by the followmg claims.

15
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l/\HAT IS CLAIMED I'S: 1. Anethod for use in estimating

downl i nwd B4reHé£T ence | n a cellular . comruni cat i oONECHFE782123

onprlsmgthe steps of: o transmtting a predetermned |ist
of channel frequenci es; 5 ' . a plurality of nobile stations
measuring a signal strength of a .pI urality of frequencies fromsaid

predeterm ned |ist of channel frédlenci esl said plurality
of nobile stations reportlng sai d signal Qt'rength of said plurality
of frequencies; and for each of said plurality of nobile

stations repomwwgpals ‘strength, 10 calculating a pat h | oss
between an associ ayed C%.t ﬁ{b‘i’i £or Risé i bieinar il &%ﬁﬁkﬁﬂ%ﬁ‘éfé}ﬁ##a cellular, 0

estimate the downlifik i erence.

Caiml, whergbmimfubfRatiéls {@&Hp@bﬁ@k@ﬁgm ﬁeﬁe@ﬂ | os - conpri ses
cal cul at| ng a path gain. The met hod of Claima1,
further conpri si ngmam;nmm predetermingd llghq)ijchannel frequsmlw,| 0ss in a
cell-to- eII |nterde

d f
daimi, f urt her c8 %’{fx?;@hglséb\ogs mges(gﬁnﬁéx sdg% strength of a ﬁﬁr{ﬁ?} apd o
carrier-to-| nrﬁa&e{cféa%n& eéxag;ré&teiﬁmd%@fma fbqkneet;] and said

plurality of . surrouiding cells in a cell-to-cell interdependency
matri X. said phirality>of mobilthstations repdrtofg saidzsignalistrenpthrofi saichpii.lrklity
predeterm ned |ist of channel frequenC| es conprises a m)dl fi. ed
list of broadeffreqeasiesomdchannel frequencies. -
met hod of Claimil; |

o L W&l R ot s ﬁuﬁi‘;ﬁ Ut ﬂ{/gb o8 Hﬁsfplaeﬁab sii’dsslg{ﬁl stren%th

conpri ses GSM 'n e

downl i njg i nt e&él@.ﬂﬂ:ﬁfg@h 8pam RsEBdtwednian aasbciated cell afdapleralityostSsussonhding cells
conpri si ng: 127763
PCT/ SE97/ 02128 estlmate the downlink interference.

The

- 2. “The method of Claim 1, wherein (e step of calculating a path Joss
. comprises calculating a path gain.
15
3. The method of Claim 1, further comprising the step of storing said

path loss in a cell-to-cell mterdependency matrix.

4, The method of Claim 1, further chprising the step of storing a
20 carrier-to-interference ratio between said associated cell and said plurality of

surrounding cells in a cell-to-cell interdependency matrix.

S. The method of Claim 1, wherein said predetermined list of channe] -
frequencies comprises a modified list of broadcast control channel frequencies.

25

6. The method of Claim 1, wherein said cellular communications system

comprises GSM.

7. -_“A system for use in estimating dogi_miink interference in a cellular
30 communications system, comprising: o
R —

LTI



a base station transmtter for transmtting a predetermned |ist of channel
+ frequenct agé 9827763 a plurality of nobile stations HCW/SESTALLSi ng a
signal strength of a plurali: ty - of frequent:| es fromsaid

predet erm ned I'i st of channel frequencies; 5 means for
reporting said signal strength of said. plurallty of frequencies to

sai d base station; and ™" “‘assogj ated with each of said
plurality of mobile stations, neans for . -I1-7 cal cul ati ng a path | oss

bet ween an associ at ed _cel | and a plurality of surrounding cgells to
estimate the downl i nf Bas¢ stafign draagmitieg for transmitting a predegermmedmgt efychagnelof

- Caim?7, Wnerelﬁ,@?é dieans for calcul ating a path | oss conpri ses
nmeans for cal cul's Ing a path gain. : 9. The system of
Caim?7, further conprplerality oemobilé StatiSsOfok Iﬁiha%ﬁhﬁh i%lgnal stf@fgfh bP& phirdlity
cell-to-cell interdependency matrix. . he system of

Claim 7, furtheef Geguancies rf@md@rmemnmd ligy of channel frequenc1es
Carri er-to- | nt erfer ence r Sa ass sal
olurality bf of P RaoRieoer S8] shengh o giahraliey gff?&ﬂ%‘?ﬁi%ﬁw‘@y

matrix. 20 said base station; Add~  The systemof Claim7, wherein said
predeternmi ned |ist of chanhe frequencies conprises a nodified |ist
of broadcast contr ol assoajated withegaein@fesaid plurality of mobile statichs, mddig for

systemof Claim?7, wherein said cellular conmunications system 25
conpri ses GSM calculating a path loss between an associated cell and a plurality of surrounding cells

to estimate the downlm_k interference.

10

8. The system of Claim 7, wherein said means for calculating a path loss
comprises means for calculating a path gain.

9. The system of Claim 7, further comprising means for storing said

15 path loss in a cell-to-cell interdependency matrix.

10.  The system of Claim 7, further comprising means for storing a
carrier-to-interference - ratio between said associated cell and said plurallty of
surrounding cells in a cell-to-cell interdependency matrix.

20

11. The system of Claim 7, wherein said predetéﬁhined list of channel

frequencies comprises a modiﬁed_list of broadcast control channel frequencies.

12.  The system of Clann 7, wherein said cellular communications system
25 compnses GSM. o

) R T



