LOCATI ON DETERM NATI ON AND HANDOVER | N MOBI LE RATI O SYSTEMS Thi s invention
relates to a systemfor determning the |ocation of a nobile unit in a
nobile, and in particular 5 cellular, #adlo system A cellular nobile
radi o system conprises a | . Of ch. h n station
supporting a plurality ofs ch a user's
call is handled until the call eENpMOBELEQRADIO ISTSTEMS At this point 10 the
responsibility for maintaining the call is handed over to one of a number
of surrounding.cells, The capacity of a cell is limted by the nunmber of
channel s ‘avai-l.ablBhis. invpsssoaemayaxqgnmmaaeays&eg fonrdetegmininghdhe
size of the cobheighi B S m&?itférmag% iR ad mé 198 gXReNn BYrciRRiar

call 15 concentration, is relatively |arge. e ot her hand In an area
havi ng a Bi FEHERLAEY SROHGLEVEt#Fers, e. g. the busi ness district of a

large city, he £akbloqnaentiesioe l—%dﬂ&hzgéeéhe:cﬁytiﬁtéﬁcal |nguBeri of
relati ve y mu sSsna er ul ar system e re

hondover 50 SRL1S0r eall davi TR, € bede | sratish SRRRFE R oprubaiLEY,oF
(b) deci di ng:@m:nuhabapmlomt thamnélks swubdyt ackf: pitdoh aad ugey’ swidall ngs

Lhe mobil e Uagtal £AT008,0088 S34aN dubddle JIdSle LbdboN AENBREY BLalh ©.

situati ons een ropose convention
macrocel 39 ihe :aempmmzé#t25f9namaentawémsthe( qaa;iloéel hapded oxeadto

by  lover of@Wef ArgBaBbi!&ESsurrdyRbal! bﬁellH‘ crogel éanhéi%yOB'fYaZQQlQr
500 netres rangﬁland often S|nplg constitlte a gfg street, or part of a
o

street, in Wi chiffdefenByt Fhst Rupber; oLy ghans ayaijigple3g In less %
M crocel | s idgnsel ¢ ypopudiatedof eaggrou:mﬁilbaaeeasathensﬂwacbfdtnéogla, ;

busy road at_.200-50 metd Ch In the r be ch cr |

and a matcroé"%’f':gln 95 ?et%"r%g‘ i of°t hé ro éwﬁurn%ﬁ’g aﬁ%ﬁ'ﬁer

road, orl metunumemmnaﬁxonOCESIselahewelyslargeqU|ﬂanbhe @bhea handovén ags

There are §?§%$ b ve i

currently acaﬁé eve %se are |scust§e¥ff| ‘g@gﬁﬁgr plg% e%tlk"’{1 3% Bﬂg §8FF

control proéé@t:riatp mq;fr ogellangs city, the call concentration is much
greater and the cell size is relatively much smaller. )

In any cellular radio system the three phases of handover

-
-

20 are (a) aeclc-ng which cell is to receive the mobile station,
(b) aec;dlnc at what point transfer should take place and® (c)
switching the mobile user Irom one base station to the other.

In high density traffic situations it has been proposed

to overlay a conventional cell (a macrocell) with a network of
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smaller - cells (microcelils) created - by lower power é;

transmitters. Typically, mlcrocells have only 200 or 500

metres range and often simply constitute a busy street, or

vart of a street, in which the density of calls is expected to

be high. ' '

30 Microcells.typically consist of a group of base stations ¥
located along a busy road at 200-500 metre spacing. In the
region between such a microcell and a macrocell, i.e. at the
end of the road or at a turning onto another road, or between.
two microcells, there is a requirement for a handover.

35 There are at least two methods by which handover

initiation is currently achieved. These are discussed in an

article entitled "A handoff control process for microcellular
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systens" by T. Kanai and Y. Furuya, Proceedings of 38th | EEE Vehicul ar
Technol ogy Conference, 1988, pp. 170-175. The first is by signal strength
nmeasurenents. The base station nonitors the received signal level. If the
signal 5 falls below a given threshold (or below the |evelr of the target
base station - sgstemghebyafe dHanei apd &.at Fueuyagnaroseeamggh of 38th IEEE

measur‘?ment) t h@aggégl ?Eagbgagbgfgwgyﬂk%@ g eu%\(/)m tqtydq%fqent re

(MSC) That a han 0 an a IS 1 fmi nent MSC t hen

comrands - each .of . tH@%uf*%%ﬁd%ﬁngbaéEnéﬂ-aﬁtSﬁsi% W%@Nﬁ@s&l grhe base
| evel: they recel¥gelbaMrdig 1R HRDI. L@ceﬂvéa sifnadr nadvesel v reh@yhid gnai -

unit reports_contjnually the received signal lLevél to the base station. The

results of tRistabtSt REFQII PeG TP ( FREAROHD i (9F RekeW fFRecHl¢¥el o the
station is to beagyetcpasd sbetcohl - aé'hflnnﬁbé|&sléllé 55 I i NrslEpveladi gnal
via the old base statlgn tocagﬁio he ﬁewch set. on the new 1
base station. ThE*BPHEP RIMNVGYIeGR 85 Gh -3 Rihd 3PRCE o uf d TR
is by relative ndbbihecewuahmngneletntlraséuscr) shgtala Mangdelver to Far adjacent
exanpl e, in o n there is a tinme division nultiple access
(TDVA) control g%‘a%ne 13&%&33‘5—%6 station transmts data to a nobile unit
in tinmeslotiPerr] arfthé e MSC/eheat aconmandhe enst | @funthei S W eEeRPEENg orgase

time later in, $eyeibhdeelOlneksudorsd! éf?hbi‘g 14342 SQ{BY b¥e&3§v933%035 the
station will be received at the robije unif after a smal del ay, dt The

nobi l e unit wiI§2BReMOBidRntiito t e PRIRAGEHYRIHn thet |”?’%'%itlcﬁ YniphLgports
agai Q_wi || eXpe&éx@t’&ﬂuﬂlBﬁHhhede}ébe_dwh t@l@ﬁ@pagatremn to n‘Ehe bagebaamtion.
station wll e ct to ta exact _ILsIater L anilsE .

Dot ted t mae! chfpaEE’ oF SR1S FXBTides Bpllgal B8, LHETMEE | nomsnares
del ay incurtéd wh:.mhlbabe seaen.mad i2 xodltbd alrocdied etmeccedl Byc‘he mobile
measuring accurgtely d eﬁt n?a[}ﬁf‘eém%‘é’%elﬂhﬁngfitﬁgsé@?éﬁw ‘iq{eaorlgé’fto

the solicited response, stance ‘of "the no unit rom
station can be %he iRRW %amle-w $etper on the new base station.

- The other method of determining when a handover should .

occur is by relative distance measurement ‘based on 'signal

- 20 delay. For example, >n one known system <there is a tTime
division multiple access (TDMA) control channel. The base
station tramnsmits <data to a mobile unit in timesiot 6 and
receives data from the -zob:.le unit in response some time later

3. The soliciting data sent by the base

station will be received at the mobile unit after a small

in, say, timeslot
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delay, At. The mobi.e2 unit will then transmit to the base
station in timesldt 3, which again will experience a small
delay due to propagat:.on time. The base station will expect
to receive d'ata.'exactly 3 slots later than it transmitted the
30 soliciting data to the mobile unit. However, due to the delay
incurred it wili be received 2 x dt later than éx_peeted. . By
measuring accurately the difference between expected and
actual receipt of the solicit:ed response, the distance of the
mobile unit from the base station can be derived as it will be

s
(V]

proportional to half the total delay.

In practice, the measurement of distance in a
conventional cellular TDMA system between a mobile unit and
its servinr; base station is hampered by inaccuracies AQue,

.0
i



35 proportional to half the total delay. ‘In practice, . the . neasurement® -
of distance in a conventional cellular TDVMA system between a nobile uni t
and its serving base station is hanpefeli by inaccuracies due, mainly, to
the lack of direct signal path. A received signal arriving at a nobile
unit has usually undergone multiple reflections which w.ll have |engthened
the del ayaimthys tonthe iaek géfdirect signal gativasd oneneived conyaal | onal
cel lul ar =2 ¢ 2L O sge Ak %€ | 1 f 5

Srz: v 2k 0 &Y SheMMobil Ik Ayl Xeth£2 Lidhan 18y¢ Eﬁg};?gmbsor‘gﬂa SQ{Q w

- macrocel I's and -njcrocells it is desi “rabl e that..m croc rruch
Ctraffic aR RSt HPRS Vhgeh Hihkave dengthengd it B¢ & roceﬁsaﬁfe*‘ssthe .-
cover age eHeauoéfalness 06€| EelhyRgadtiremiart Rl %ﬁd}ﬂ:«%w@ceimﬂr for~

t he macro,ge&l base st ation remains sufficiently :high for acceptable
communf cattone. SY Tt Yer, it is nore efficient for: the systemto off-load
cal I's handl ed zlny at mexeacceckLlarosysnenrwmhyMay@th aRPEoPEe Bl €. and | t
may, thergaf di; £.f i qul d ndoyer procedure 15 s.hould
be |n|t|§?'eé}r%%%eds S(%'If‘:elcgJ Ee% :e:grsgcle:e?cv\g} s?gﬁgscﬁéé %ﬁ?’é’? gs muea
Fur t her vz ffidrras rm,sS;@Jeﬁ t uifhieons mobihechnit smuvelatieybaetmagzm@eﬁ '

mai Nt ai N drfte FRCERE CLbvELABUNREREI B2 |d rhl&e@eééhltwh& gvlaal,e‘;émlt By Lot

initiagi ng a handoyer, or -exanp I S. not--necessaly.to performa

handov®r WfenSa98&LmbPrelunfert r‘-é\?el §‘a°§@FS§§ %aﬁ?crﬁi%‘HOnf FemAinRs o

short ‘pemiugE: oc:snac_rmm:lcﬂx e awﬁm@%@xﬂﬁzﬁr@@dné)asmﬁﬁém 4 he..
signal | e\éel r he. a}ppl icant _has f ound that i f t.he mobile unit is

appr oachiig r'ioherécb écéteéﬁ STl SYSHF &P 95%c GF?e cajls, Ranalad kY t here

i s a charaet erderdeelbnbonat mn’obedél amdrﬁv&dmrm@rdﬂmaltenent .arrdaxe) W
nmeasur ed -S| J LV t hat = ca.n be S | h, WhICh h

~nobi |l e unlslteqlrégdot re:ve'Jf’T agtzce For agg?\%é:%\'%' ancegrr%%s’g ﬁﬁntpr ép "p’ae[ h i
e. strefhopld b&(larl'ﬁ-ltt-aa‘.—ecﬁ Pegecns oleial 0@f thet srgsiived cigRll hevedme

si gnal . cfﬂ&e&Qﬁblna?ﬁ?ﬂh@fn@fétaﬁﬁérénQa$'%@msﬂéﬂﬁﬂzons in which it
' wouié be nette*‘ to. ﬂalnta:.n t..e nac*oc'e;l commumcae;on ilink
with <the robzle L..: ;thout -n;tzatlna a hanaover Tor

example, it is not =xecessary to ::e*"or:-' handover when a

a
20 mobile wunit travels across & microceil for only a short
period. o . ' R ft'f"' S s

as a monlle L:‘.;‘.'.' annroacnes a :'u.c*"c:n:e.l.1 .ease seat_on, the
signal Zevel ;nc:eases mhe annllcant nas ;ounu that- the

mobile uni% is annroac:::...cr the base stat-on alona a direct

[ 3]
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course, at '__any instant ..‘1ere is a cnarac*er*st..c com.mn Ttion .
of delay (distarnce) measurement ané a neasurea signal level
"<That can be 'us:ed _:c estanl sh a..ona wlnc': 'aat‘z the nO.D:Ll° un*"
T is avell...na ,:or_ a a:.ven c.;stanee measurement each path, |
i.e. -street, will extu.b:.t a dif erent level of attenuation of
- 30 the same 's'ig--_nal_._ ‘The comm.nat:.on of d:.stanee and sn.gnal level =
meas‘uremem:_ ‘thus. enables ehe base stat:.__on to determine the
path. o T -
.2t is an object of Qhe nresent ’nvent:.on to: prov:.c.e a '
~ocation aeterm:.nat'« on system fo: a monu.e radio network which’

~s -able, with the aié¢ of storeu"‘nformat:.en on signal

ta)
R ¥

characterist:.cs ano. ._ne estimated u:.stance, to uetermlne the
-ocation of a mom.le unit within a m:.crocell
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nmeasurement thus enables the base station to deternine the path. is an’
obje ct of the present invention to provide a |ocation determ natl on system .
for a nobile radio network which 35 is aBl & = with the aid of stored
information on signal chara’cteristics and the estirrated di stance to
deternine the |ocation aof a £ Lounit within a

nvent °

Accordipg to the pFESEREDE Th PFeF et o= ’m'%{ﬂ:'dﬁﬁ é?’?f?te'rﬁ f%rr'ovz.aec &
det er ifni ng thqrslmatf@n detarmibilng whd locationr ofceal | mbhileadind tnetmoek

having 2 PLULAIdISL R AASE: SLAUISA6000:R WA AP, P0G AANAReRVEbage

respectlveSmcroc e to-conmunicate.w l-e-uni -W|th
the respecti v T@t&oRnscepprcht RrQYEEERT c ARFLIOS ‘Flgveﬁ%ﬁﬁs <ho- 24 staorrﬁgpﬁ‘htl*’e

respect of £agh QR 10Tad®r £51OC8LI EBRinAnELALESHRRY RHMINICIuRALd Bfchin
measur ed di stance and measured signal_characteristic associated wth that

location; 10 The IRSRRSTNe MHGRATS S lourthiens Y& @Sy SOMAEYSHNG nobi | e uni t
conpri sing means heansletfyr gL8gifgCUn eﬁésﬁbéﬁa%e @échadfobbhe G tmbrem
a base station and.neans for neasur.l &% éurrent ch racteris ‘%ﬁs a rad|$
signal transni-PCEFLHBEE FOXTTREEORELRY PTaRT Ba'bﬁs% SPERF BRSPS HRRRE 70

conparing themeasexeld stignad ohdeacparisuithassecimbedewibht shatiryerdtooner

t th t f 1
Pvent i on 4 so oxtBeeaE, EOE' SofHLRETY SEERMAE bAA Wind R0L 4 HhoptLE uptt
unit in a ni cFOMPELEGRE means APhedepbermbRLNYg s PROFERL! wutm of a

stations eaChanQ!bd'd?ﬁtLaﬁi:BmC%V%?Q@ Qf@?ﬂ@nrﬁﬁﬁeﬁéé&’f‘s TEEEO nfé‘i‘shr.a.-.gdla

able{ to comunicate wth nobile units n the respective nicro-

t he nEt hod coﬁﬁFF&PﬁgChéF&rcl‘tﬁ&-lsﬁ §pe@t r§aio, & 9P iy fFans gk eed o‘&ﬁ‘i’m
a 25 correspoadmaglmedamﬁalahaofa PeaeUsedtdiont agaa and nmeasur ed si gnal

char acteri‘_.%tic assnc‘)é:air?ée o\é\n tcrn:]uutpalart....t;,r %?:ttloonf each stored order pair with
the mobilée units current order pair so that the mobile units
'current location can be identified.
The invention alsoc extends to a method for aeterm:.m.na
the location Qf a =mcbile unit in a micro-cellular radio
20 network having a piurality of base stations eacrh providing
‘radic coverage over a respective micro-cell and able.‘:g
communicate with mobile uvnaits within the respective micre-
cell, the method comprising: o _ |
storing in respect of each of one. or more lgcatiéns a

N
t

L/ "co'rrésponding order parr of measured distance and measuxed
signal characteristic associated with that location;
forming a current order pair for a mobile ‘unit Dy
‘determining & current distance of a mobile unit from a base
station and measuring a current characteristic of a radio

30 sig:ial transmitted between a mobile unit and a base station;

4

and
' | cémparing'the-or each stored order pair with the mobile
units current order pair so that the mobile units current
location can be identified. : .
Thus, the location determination uses the stored signal
characteristic information, the .measured reéeived signal
characteristics and the estimated distance to determine the

a
th

iocation of a mobile unit within a cell.



forming a currént order pair for a nobile unit - by det er i rii: ng a eurfent

di stance of a nobile unit froma base station and neasuring a curr-ent _
characteristic of a radio 30 signal rr&nsnitted between a nobile unit -and a
base station; and conparing the or each stored order pair with the mobi l e .

units ‘current order air so that the nobile units current |ocation can be

i dentified. Thus, “PRE-PBESti AROFEr er MRt iIWRRRLOR hel &t oPBETiFYAaFLY
char act eappﬂ.u.caibrlfeomtlrmt:.td:e dmmfmﬁmelmth &umlﬁd:esr@r acteristi CS-M

.. .and th t n.qf .a_nobile unit X

E \?\nnthr neaeie: {@ﬁg%%@ﬁ@f&? éo"{'r)rse%eé ove é%%en% %ﬁt&ﬁn{ :plﬁrF‘Pg&F'&rly
appl i cabFadie | 3eEYPSH derel whingi maezavm@rmns ‘Iﬂu:e:' i u'ecreammcal 80
- exendg té)léngﬁsecéhé‘t-b")nneﬁﬁsa-émtﬁér?:f&d" o W or CO%I r!g'f;prg 8555 i ving.

neans for recei vi: n% _____ gnal contro ‘rreans s to
and frontRbBFi eRBAPES; %%W’G&%rﬁﬁ%%ﬁ&@%@iaﬂ% nobihe wobEl e

uni t frOfﬂ:oi‘nhethbaSBasét astﬂﬁa.onneaﬁéan§t0§t891n& §etseﬁf of] gé'flmal
characterjstics of °% ong possi bl e nobi |l e Gnit path in the area

around t Bﬁg'éeﬁ'éﬁ'&ﬁ SRS OReHPAFSile MbLke Hardly BAEBciBted
with a |chataseaocarbhadpané; zas@&n@ati@ﬁ deaemr&esmmﬁhenarsseﬂﬁs geta
const it e S| naI aracterrst cs _if.the received
|gn3P u%%%nﬁeans %g%%snby%ﬁ:rifg c%f Hte® Pnf%ﬂ’ﬁaﬁ%{"w fRaPRe SPESence
of the si¢ter®hdinguthe preseace foyf theconstl toenof ofheheolsd® afi thé5 on a
particul g gpaf hehasgde@R: bR cst 9hednin b QEVe%nsl' nkéLat|n9

a handover™from the_ base station-to anot her base *'s 1on’ basi s
of the CPRREPIIA FBLeSHEFANEN I NhoRRaLER ow@nreheh@nerm oF hisec &

provi deds s @0cbasddyaendetor AhBAti 8 Sye! eWcheh ok G 'ﬁﬂ@fméﬁ’ﬁé’ ﬁ‘&‘ por K,
corrprr.sr n system according to the invention for_ deternminingt ocat i on

g
a- TolfF euf A=W TH 37 ¢ RBTCe@as e @R fieni ThFed J.nformat:.on, ana

means Zor initiatiag a nanuover-'rem the. . base stat..on to

~ another |Dbase statzon - on.. the basis. joi the _ocat-on
determination. ' . o -
Also 'acco éing’ :o-'-be inventidn 'tﬁere ~is provided a

[S]
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1anuove* c.eterm.nat-on system for a cel_ular radio networ...
compr s...ng a’ svstem agccording to the :.nvent* on for aeterm:.mng
<he locatzon ofa mogile un:."'w:r.thin the cell - The J.nvent* on
also extends to a c_:el.r.ular ‘radio system _;;-_nclgﬁ:.ng_ the above
handover system. o o | |

The present -nven:;o“ can ~e pug ;nto nractlce 11 varzous

[ V]
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ways one o-'wnlcn wlll;“ow ne uescr*nea bv wav o: example with N!’
*ererence To the accompanylng uraw1ngs in wn-ch '
”1gures i(a) ang (b) are crapns of slgnal level prolees
of two zntersectzng streets; . __ L
30 Flgure 2 is a arann ‘of signal . level prelees of streets
cross;ng a microcell boundary,_and
Figure 3 is & plan of the streets whose prolees appear
in Figure 2; and ' ' o

—-
by

Figure 4 ;s a nlocx d:.agram of. the relevant parts of a-

W
w

base station receiver for the invention. o

In the mzc*ocell of a cellular radio system network it is
very often the case that the d:.rect line. of" s:.ght or dom:.nant
signal path between a microcell base stat~ on and a moh:r.le unit
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al so extends-to a cellular rad| o syst em [ ncI ud| ng the above handover

system 25 The present invention can be into.practice in various
ways one of which will now be described by y of exanple with reference to
t he acconpanying draw ngs in which:" Figures 1(a) and (b) are gr aphs of
signal _| evel s of S ng s 3 Frgy A,
graph;of si gna %Q{'%\ngf 5_&#% ﬁfé ?’gggt% céréo:g%ih a@%agr ocel %&é&gr *=iP
and F|“gure 3 isroppgakion dedayt faxt & WHakanaefof et08ppesresn tyeen Zaase

and Figure 4 i gcacpbacknd a@iaMeofurishe 11| AVARK $25tR1efofedEnlase Shald ATy

receiver for .the |nvent|on I.n . the mcrocell:of a geltular radie sfstem%

network it is YRPYTof tetlthe Caseehadi hé’e(ﬁ‘-rq,ﬁctwmﬁé ofSsiHRicR
fSI gnal palth 3eﬁﬂ\eeastec8haﬁfcethdt1eseTﬁsah thlcmdﬂtmd Eambstat?ant "ecle&)(rle?zts&to
or exanple down a, str roa e round tri ropagatj.on._del ay .for. a
di stance of 10%® Y%s%ﬁ Pbas8ist &%k and ngﬁgi‘ﬁggmagta M&Bo&{ elgular
m cr oseconds. *eﬂ'daisersxnba)masé/s]ﬂhomfoﬁ lze cleiil ylevr oebtwitizd irntended for
typically 3. o] [ 0S e [ ver
@rén%’{;&{ﬂfﬁ& Hﬁ!gh rJ- -fa*c% A‘g%o k/ﬂzcgglil Jﬁéﬁ £0 §8egkve 52

to resol ve del ays 1S7si zZ |ca C receiver 7in
base station dﬂbaatteltaaasmnesmnkram%nded for transceiving high bit rate
data can C""Ee W thaat Leashi hed '\4)664& %éﬁsmﬁéfo%ﬂa%lﬂ% 19 mom.fé unit

expl ai ned -above when, for exanple, a nobile unit served by a macrocel |

enters the coRAEYRS P¥L A2GFFhoEATeT it Coyerageadea of fplseaceds

the si gnal | evead ¥ opmé hﬂaBE@é@DE'i bﬂse Béatnaﬁ tﬁaasﬂgnamf ie%entglrbm the ]

powe{ful for ade uate co ni cations. However ¢ ffjs‘mef%i able to
15 rmch traf f i 45 % SERELAPC r BRBRT RS ﬁ’f |
for a base sta&deaquatle dmxﬁnd.mmﬂ.lms ni Howewvem, oLttie ﬂmthmable)rmé&sen as

based sol e} y %&ﬁ]e':.ratef:ﬁé’%% $od83h1 8" bhoF A& miEWEESAL Y I@?Lrs? herefore,

situationsTn ich
difficult for a base station to decide on the initiation of

‘the handover process based solely on the received signal
criteria. Conversely, there are situations ih'which it would
be better to maintain a communications link between the
20 macrocell and the mobile unit.

' Referring to Figure 3, a microcell base statlon 10 lS set
up along a main straight road 12. The surrounu;ng streets 14
'which cross the main road 12 in a grid pattern are covered by
a larger macrocell. _ :

( 25 I+t has been founé that the signal level proiile of a
signal transmitted to the mobile unit from the base station of
the microcell along the main road 12 is distinctly different

from the signal level profiles of signals received by mobile
units'travelling along the side roads crossing the mic:ocells;
30 ' fThe difference between the signal profiles of the
microcell main road 12 and those stre s 14 in the macrocell
is illustrated in Figure 1 in which .-_gure 1(a) illustrates
the microcell signal profile along Oxford Street in London and
Figure 1(b) . illustrates the signal profile for signals.
received by the mobile unit travelling along Regent Street in

‘which the microcell base station is installed in the position

indicated by the arrow A in the drawing.
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" be better to maintain a conminications link bétween the 20 4mcrocel | and *
the mobile unit. Referring to Figure 3,"_a nicrocell base station 10 is set:
up along a main straight road 12. Th€ durroundi ng streets 14 which cross _

the main road 12 in-a grid pattern are covered by a larger macrocell. 25
It has beenfo.undthat the. si gnal_|evel roflle of , a signal transmitted to.
the nobile uni1®frothd h@3FEs i BRT8RY Fﬁénﬁr creRel D3] Hn§ WA QTai ASr oad

12 i s di spiaceby abditer b0t meeerest h@xﬂﬂ‘gmf bsfekdpmfxldxﬁs & o9 gﬁébént J

received |Ie it ong the si roads crossu Eor
mi-cr ocel | gg.-ggle ih n%sc?r %}Lgréé'nce aa,{j Tt e 2 oiaF2Y PR %g‘ a(Jf L
the m croEeF“Iethn #%‘de Iphengreunde t[zans]m:.':m:;g\ atlearrwmzelleve:_ &5 -
11 ustat edap EOwWop bl which.digupe 1eah Elistial e, %‘? B8 Ocﬁg{;es

si gnal proflle al ong Oxford Street. i n_London an |gure ustt
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covered by microcells, are stored _n QlCltal forn in look- u“ '
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-n order o aetermxne the location of a mont;e unit to a
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e;stance of the monlle un;t rom the base statlon and the
BQ. s;gnal strenath recelved by the monzle unit. It is then anle
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_ To determlge -lstance, the base station performs a
propagation delay test by mom.tor:.ng the timing advance -
-regquired to allow for propagation uelay '



15 srgnrfrcantly drfferent from each ot her ' The di fferences are due mainly -
to the path loss fromthe mcrocell base station to each junction and the
| osses due to diffraction around the edge of ‘buil dings. Thi s drffractron

| oss has been established at ‘around 20dB per- street corner. The
uni que characteri st igy 0f EQ hgnal. gr ofi re 3 Uity
a pariticular st reé‘?’ eﬁab -the et er r#rgaé‘g[ | %ﬁkgﬁgtﬁe st reﬂ%p#,b&e% | %n 0

that uMt. Thé%‘fmﬂpam%lQﬁtm%tleﬁqééaaﬁ@lgtgﬂaﬁrgpr*éhgtxnoasclerWetém the

profiles. of .relsygat- sRagsichl.e DAMIE . mEy . LBLIELEE. 087 DaAkLRtdneS! pREkSIe2DE

covered by mcrocekls, are storéd:in: grtaJ orm.t.n-’l-ook- up :tabl-es at™the - -
m crocel |~ or rra'c’?“‘g%'éq'# TR SERY | BY. cg‘r? o’Fﬂ'B:I' € 0 Wkter RF N hEeFHORERONTHT 2.

a nobile uni & tepecifintsoliaitatienr fihembese Bisé isxawresss i nformation on

t he di stance of the f£.0 e, base atro andthe 30.signal ._.

strength received byg%%éjrﬁ'é%nl e uérl‘fu‘ée atgh ?é YHPRonpIHE" F% g cata

I nformati on w tStQtaageramxﬁrs::pr it Ile&aa‘rn acie@siso dlo- apdaalal stoxrage aimtalé in

mtch.  The or defadinido ediie (ARGE: 3 S IRA o PEREEN W Ll " RKG TR GReQ
e street

a correspondi ngr one o
di stance, the Thiafatatakes the fammet grgesprgarront aesa;lt é§FeB$th and

noni toring 1¢hestdtdis adﬂaneemwlarmrr&)al I ox\héorhoameagﬁh@nresbws ‘.he

To determne the sig renth are |vdsr n renthrnd’gat
i s transmtted SYEHY H‘@ r?a'br“\er? etégéf‘goﬁ Van%ﬁr SpEpLpY B&Ffi

of a routine paskagise obasaf er:mtuomn seme bynfbfmmhewmdonc;raztéu r\esﬁ@nsae

Lo a5 speci {1 G agld IO L1 AN UDGDR5e o) Al dTLET 1000 901 QLR g

the base station requiTes a rage Ut
storage unit 1Guaresy d:enf@nmctme Srddegeximi neattheof lpaabsonn aft shn@vmobgée

area. The dgga figkes,{dig | O§Hé Oﬁrﬁ_ﬁi’g@étfahﬁa 0f ¢S ltﬂgalha?{%e & gnf{'gfﬂ'ga are

di stance (ie timng advanc uhi T reports 't
neasur ement an&aHEfiied (@sEPPRS the agbideanayt is currently being served

by the base station) the handover sec__ruenc_e' is___:Lm.t:r.ateo. by a

handover initiation output controiler_ 20 depending on the
location determination made. | | '

- 20 IZ. the mobile unit is approach:.ng a microcellular

network, ie it is still within the macrocellular network, the

" mobile unit tunes momentarily to the control channel of +he

potential target microcell base staticn. Synchrom.sat:.on with

the TDMA control channel in question is not a problem as the

25 microcells are, in any evem:, derived from a parent maerocell
base station controller with an associated' specific macrocell
coverage area. Fhus, all n;icro_eell 'basé stations in a
particular macrocell coverage area are in synchronisation
" anyway. '

30 The radio signal received by the_base-' station is fed from
a receiver antenna 22 to. a ebnventional ‘radio frei_:_uéncy
receiver front end and signal demodulator 24. From this
‘'signal the necessary rece_iired sighal strength mea‘éuremeht and
timing advance c'alcu_l’atioi_u is performed also in conventional.

35 manner by a signal strength and 'delay measuring a’pparaﬁus 26.

It is the results of the received signal strength and
- time advance measurements that are _compa.-red'i'r'; the comparator
logic with the stored order pairs. o '



by “t he base station. -  The information is conpared with the stored order
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: approaches the mzcroce;l from a side road,_-or the same signal -
delay from the m;crooell base station there is a substantzally __'“
lower s;gnal level Thls aszerence is’ tyozcally around 204B
20 or more. If _ he n‘:.croce.r._ base statz.on_-s programmed to _'
ignore this comolnatzon of aelay anu averaqe signal level, <the
mobile un;t,wllllbe able to traverse the_s_ reet constituting
the microcell without a brxe: handover. -o'the microcell. In
general, the bandover crzterla deoend on" “the' ‘nature of the

[
w

ootent-al handover ltsel‘ ~As it *s the pu:gose of the system
to handover Zrom a maorocell to a'fhicrooell 'whenever
avproorlate To malntaln the effzc;ency of- the system, this
d;rectzon of handover will be more read;ly e:fected than vice
versa. : ' _ '

30 However, 1f the mobile unit turns from’ a side street onto
the main road, lt w:ll ‘be detected by the next microcell in

.t
un

the main road towards wh;ch it moves.' As" 1. gets closer to
this next mcrocell base stat:.on a nandover ‘can - then be
effected to tx ansfer that mobile unit to the microcell. )
35 . Of course, there will be situations in. which there is a
high probabll-ty that a turn from a sxde street to the main
road bearing the mzcrocell will be effected.ﬁ In this case the



transfer is to be'effected to the nobile unit. At the sanme time set-up
information is also sent to the target mcrocell 10 base station in
preparation for handover. Thus, if a nobile Unit is appr oachi ng the

m crocell along a direct course, at any particular instant there is a
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substantially 8
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turns from a side eet ont in.road, it wl edetected t he
next mcrocell in %ﬁr{t ot dBARAPYRT (PERNRRD %51 cfBer?
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m crocel |l base station to’initiate a handover. i sTinportant to_place the
m crocel | basethe afFventeo cse@eleaer écthanu‘?‘szba-’rE4W’a? ¢hEferapti AgYgESne
(et he' ‘the cellular system. - By different layers is meant different

types of cells, i.e. microcell and macrocell. This is a

relatively simple matter as microcell base stations will, in
20 most ciréumstances, be under the direct supervision of a
- macrocell base station althoughfégérated independently. When
'~ the measurement of location and direction of travel alcnquhé
'microcell'bath_are determined, the handbver can be initiated
immediately, if appropriate. '

2% . Another consideration is the reservation of a prioritised
‘handover channel at the macrocell base station to enable fast
handover from a microcell to the macrocell due to microcell to
microcell handover failure. ‘This amounts to a standby channel
which is kept in reserve for such an eventuality.

30 It is also advantageous if the outer boundary of the
macrocell overlaying a microcell, coincides with a microcell
boundary. This avoids any ambiguity which might otherwise
exist if a microcell were to straddle macrocell boundaries but
define an area having its boundary not coincident with the.

35 macrocell boundary. '

The system is directly applicable to handover bhetween a
microcell and a macrocell. However, the system is also
equally anpllcable to microcell to microcell handover as well.
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—base station: an -macr oce ase S

5 location of the base station), of a nicrocell. should be. between two - *

crossroads and not directly.at a junction. This is illustrated in Fi gure - b

3. By this positioning it is possiblagita elinmnate the anbiguity of a

nmobile unit crossing the mcrocell neasuring the sane delay and signal

| evel as one 10 travel ling along the main road bearing the microcell. In
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to mcr oceél ndover ‘as wel .- °r handover, .
orms the base statz.on aecorainal : '-The base ‘station is.
ehen able to act on the J.nformation wnen ...t is transmt ed to

it.

20 - I% higher reliability is re-au*'i::ed: of '‘the handover -
deternina-ti:on_, for exampie in the case of data transm.ss::.on,
e;_idit:.ona_l' I';anuover criteria coulc be :...trouucea ‘One example
of this is to cater Zfor slow mov:Lng nedest*:.an mob:.le units.

m
This may be done by recoams;ng '.hat .he mom.le um.;. has

N
T

aeteetea a m:.c"ocel; base statz.en for a nredetermneu excess
_ ner:Loa. wh:.le e-ave.L--na a¢onq a s:.ae s‘.reet unaer the control ¥
of a macroeel‘ ~In ..h:.s case, the hanuover may usefully be:

effected wh:.le the mob:.le um.t is travers:.ng the main road
served by the m:.crocell



In microcel | to 'm crocel I' ‘situations, the handover from one m crocel | ‘base..

station to the next can be antici pat ed and gproprl ate—i-nfor fm'f Lan conveyed
by one microcell base station to another bri'

a
experiencing a critical 5 boundary condition. By t:ﬁﬂﬂb m!m;umﬂmtl
information in anticipation of a handover; éBE act ual can .

be performed with mninml delay. The han ystemis desi gned
conpl Brrentary to existing nicrocel | syst ems and does not require addl t [ onaI
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handover, and tingf Qrmetdtedeas:ac&t&tdarl ae:.qm" Eyadien cohipiassy: Statlon i's
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exanpl e i n t haocatd ons dabarbz_-eapsmdamgoo:daddpaianaf Hessoved diste&nce and

|d be i O LhiS.i f | ' .
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unit has 25 det ectmelans nferoferningse sunrenh dxder paistefer nd nmobibkeecwsit
perlod while tbmpelking %Qi‘ﬂsaﬁ:lzdedéiéﬁﬁini’ﬂ?er ty rfeggcauﬂéﬁc? of a

use e

macr pcel | . In this case he handover ected t he
nobi I uni t §‘°P9~é§er"§"r’ﬁg R & rP?%dSEGT’%@H §‘dt MeaRscr 60E| |measuring a

4. A system feurdeher &hamch&eslte.@atdfora Hadd oRRignlUidanghmidted between

m cro-cel |l ul ar net aV| n lural ity of base stations each
provi di ng radfo™ 88’63?@‘8"‘ @%ﬁ&%‘:\%} L3P 8%Bel | and able to

comuni cate W th rdads ﬁort sowp’ahm.ng the or each stored order pair with
the mobile units current order pair so that the mobile units
current location can be identified. | ' |

2. A system as claimed in claim 1 in which <the signal

' characteristic is the signal power.

3. A system as claimed in claim ! or 2 in which the storing

means store a set of signal power profiles for each of a -

“plurality of possible mobile umit paths.

4. A system as claimed in claim 1, 2 or 3 in which the
' distance determining means include means for analysing the
propagation delay of a s:Lgna.l under test transm:.tted between
the mobile unit and the base station.

- 3. A system as claimed in claims 1, .'..' 3 or 4 in which the
distance d_eterniining means, the storing means, the signal

characteristic measuring means, the order pair forming means °*

and the comparing means are asscciated with the base station,
the signal received by the characteristic measur:.ng means
being received from the mobile unit.

A



the respective mcro-cell, t he system .conpri sing: «me

respect of each of one or nore |locations a corresponﬂm ‘ l

nmeasured di stance and measured signal ¢Baracteristic i that

| ocation; means for forming a current order pair for a mobi | e un|t
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system as i fibgeéd £kahNtde i Bayi Q*Baﬁi‘snstgnéhecﬁabﬂﬁbehh&tt' cis'the
signal .power. 3. A systemas..claimed in claiml or 2-in which the storlng

means store a set of -signal power profiles for each -of a plurality of _
possi-bl e 7obi he nahdoperhsetbrmi rariH esyeeeﬁl aﬁmdal ncslaumaik éhdnro 3in
whi ch the |st nce d t er.m ni nmeans .i ncl ude é anal h%f

* o ?e

'propagatl %’i%al nd§VSt &y FFang H‘@ b’e?we%
uni t anddﬁm:émswgsctbum 5. A systemas clained in clalms 1 2, 3 or 4
I n which the di stance determ ni ng means, the storing neans, the si gnal

characteristic neasuring neans, the order pair formng_neans and the .- . -
conpar i nd-neafs BYELEBs RS até@ifefh iRe Ve sTatIBPLUERRT S| BEARS r BT ved
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- 13 - em as. céal nmed in cIa|m5 when de endent on claim4, n

whi ch th@% eéteedl%‘f%ﬁfa‘?" SH IR T1 Ry f‘??ﬁ'ﬁ’?% fe unit to the base

station in response to an initiation S|gnal transmtted fromthe base \J
station to th ? it dover de stelfored -
cel lul ar ’l’adlg rrg, |’"k%‘@ lad'medb\‘t “he™ %"ﬁtené‘é %ﬁ%‘ﬁ@a% #% gny or - .the-
inhibiting a hanaover, based on a particular result of the -
iocation d.e_f-t:é-:min'ation when the mobile unit has passed into -

" another cell.

10. A base station for 2 mobile radio network including
‘receiving means for receiving  a s-ig_z'talg ‘control means for
controliing calls %o and from mobile wunits; means.-for
determining the d&istance of the mobile unit from the base
station; means for stor.:..::c a set of signal characteristics of

t least one pos's‘ible mobile unit path in the area around the
base station, each constituent of the s"_et: being assc.;c:_i.ated
with a location on the path; means for determining the’
presence of a constituent of the set of signal characteristics
in the received signal; and means for combining the distance
information with the presence of the said coastituent to
identify the location of the mobile unit on a particular path =
based on the stored information; and means for initiating a
handover from the base station to another base station on the
pasis of the location determination. |

'11. A base station as claimed in claim 10 in which the
distance detérmim‘.ng means include means for analysing the
propagation delay of a signal under test transmitted bg‘tween
the mobile unit and the base station.



précedi ng ¢l aims: 8. A Systemas claimed ifi claim7 including TEans "
executing a predefined handover, based on_a parti cuI m Sﬂu“m m”m'la
| ocati on determ nation, between cells. 9. system m 7

or 8 including nmeans for inhibiting a handover, based on a par i cul dr -

resul t of the 00y aasdeLentiBal bncylsRelNEaTBRL S YOI b3 PASS dchtRe

anot hér cel | ase station network inclu )
recei ng meameams £ogei $+AELAIsI iRl se%oﬁfrdlqmmché#’-'a&@mm@lﬂllqsg are

call's 'to -angrraryaa EPideoidtignal Fower foa1eed, eréwé&gtﬁafng §tﬂgﬁa@f

the nobile unit fromthe base station . .neans: for .storing. a-setof si-gn:
characteri sti ®O¥§F HF9% &R Ra Ra%-e nobil e unit path in"the area
around the base station, each constituent of the set being associated with

const 1t uent _of 3t neReurenpd-FER dte Al EY P 1 sk B 38 Eopdbyte ymir o
and neans foracmm:mﬂgelhelairsizadie | e Tworelt | havmghahplprak.enyeaﬂ basge
said constitu de y [ t e

particul ar pa?l%té%é% o%LH% é{&? edc}%%f %rgr?‘g{ol o%& %érregwsy |n|?? ‘ftivea
handover fronmiksoreedlstand abie 'Q‘ho?h@u%setstm-tbnmohlﬂﬁe l%?bisfr% Ybitbihe

location det egfendlesPactite md 3252113l iR FRthod Rprisilmy:m 10 in which
t he di stance determ fi nggmaans i ncl ude peans, for anal ySi nget He _pr opagati on

del ay of a signal TREEIRFedR HEAREAL 124 BRFReOF 197 OB METEnLOCHTE ANk

base stati on. corresnbnﬁmg Jé’rddér bpafrsiodt lmméd adﬂeﬁaneeclaaudmwamréd
in which the neans 5% stor the set of _si.gnal eristics -are

arra\rrded to stoPEad; \T'é'lcu §s°&3‘ﬁ§te°t a'tlr'?‘?‘gt ag St ool 1 profile
of the path. 13. ﬂormihgd at orcudateentm ordgrt hpalncadidimon aof mabddlkei | enithi thyn

a micro-cel | Ut etadhe iRl At N AUl 3t 1Y RbpPPECunit from a base
station and measuring a current characteristic of a radio
signal transmitted between a mobile unit and a base station;
and ' .

comparing the or each stored order pair with the mobile
units current order pair so that the moebile units current
location can be identified. ' -
14. A method as claimed in claim 13 in which the signal
characteristic is the signal power. ' '
15. A method as claimed in claim 13 or 14 including storing
a set of signal ?power profiles as, ﬁhe set of signal
characteristics for each of a plurality of poss-ible mobile
unit paths. '
< 16. A method as claimed in claim in any of claims 13 to 15 in
which the d&istance of the mobile unit is determined by
analysing the propagation delay of a signal under test
transmitted between the mobile unit and the base station.

17. A method as claimed in any of claims 13 to 16 in which
the received signal is transmitted by the mobile unit to the
base station.



'stations each providing radio:coveragé overa re and = -
able to communicate with nmobile units within the jﬁ g I‘E‘!mﬂﬂi g<cell t he
nmet hod conprising: storing in respect of “each of ons a
correspondi ng order pair of measured di stance and neasured signal -~

charact er i;g.i c AdgeRticH od Witdhmrddat 7 @aakmon7, f%@h”ﬁe%e@i&erzﬂ{“orprﬂq pai r
for a m)blle yni t by deterng(f % a current distance of. a mobile unit JTroma

base -st at it6n AT FRERR TR EHIRAa A5 tepmemitted fromjithesimphile i)
- transni tteuh:.h:atmetha hmlsn:amibnailﬂ ,aebpeﬂsetﬁbl an; mmdm&a:w isigrdie of-
" each store.d. e LSe §ULE ent [ air sothat the.
mobi | e units c?&?’re A(L:\gz’i’ﬁl o%é]c;e%n % 41:?%%'{‘ f?’é £ﬁel4mo§ ﬂgt Hgﬁ Fas cI ai med in
claim 13 in which the si gnal characterlstlc is the signal power. 15. A
method as clained in claim13 or 14 including storing a set of = signal
power profiles as, the set of signal characteristics for each of a
~plurality of possi bI e nobile unit paths. 16.. .A nethod as clained in claim
in any of claims 13 to 15 in which the distance of the nobile unit is
determ ned by analysing the propagation del ay of a signal under test _
transmtted between the nobile unit and the bas€e station. 17. A nethod as
clained in any of claims 13 to 16 in which the recelved S|gnal is = :
transnitted by the nobile unit to the base station. ~ 18" A nethod as
claimed in claim 17, when dependent on clai-m 16, in which the tested si gnal
is transnitted fromthe nmobile unit to the base station in ‘response to an
initiation signal transmtted from the base statlon to the m)blle unit.




