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FI ELD : The present invention relates to a nethod and appar at us
for providing intelligent cellular handoff. In particular, the

I nvention tracks a nobile station's position with respect to a first
base station and deci des whether to hand off the 10 nobile station to a
second base stati on. BACKGROUND

Wrel ess communi cati on systens nust provide service to many different
geogr aphi cal areas. Sone of these areas are sparsely populated with

W rel ess subscri bers, such as suburban areas. Other areas are
densely populated with wirel ess 15 subscribers, such as urban areas.
Figure 1 shows these sparsely and densely popul ated areas and their
associ ated cellul ar service topology. Al areas are serviced wth
macrocells 12. The macrocells provide relatively high powered service to
permt many subscribers to conmunicate with a public tel ephone network.

Hi ghly popul ated areas are additionally serviced with mcrocells 14.
The m crocel | s provide 20 relatively | ow power service to permt |arge
nunbers of subscri hMETHOR ANRARFARATUS FORWBROVIDING UNTELLKIENRoNne

net wor k. CELLULAR HANDOFF

REFERENCE TO RELATED APPLICATIONS
Tﬁis is a continuation in part of the following application and incorporates
the application by reference:
Spread Spectrum Communication Network Signal Processor, U.S. Ser. No.
5 08/434,554, filed May 4, 1995.
FIELD
The present invention relates to a method and apparatus for providing
inteliigent cellular handoff. In particular, the invention tracks a mobile station’s
position with respect to a first base station and decides whether to hand off the
10 mobile station to a second base station.
| BACKGROUND
Wireless communication systems must provide service to many different
geographical areas. Some of these areas are sparsely populated with wireless
subscribers, such as suburban areas. Other areas are densely populated with wireless
15 subscribers, such as urban areas. Figure 1 shows these sparsely and densely
populated areas and their associated cellular service topology. All areas are serviced
~ with macrocells 12. The macrocells provide relatively high powered service to
permit many subscribers to communicate with a public telephone network. Highly
populated areas are additionally serviced with microcells 14. The microcells provide

20 relatively low power service to permit large numbers of subscribers to communicate

with the public telephone network.



The macrocells and the mcrocelis coexist quite well. Figure 2 shows the
har dwar e connections that constitute the macrocells 12 and the mcrocells
14. The macrocel I's include macrocel | base transceiver stations (MTS)
18a- b t hat wis eHsgsy t he transm ssion and reception of wreless

comuni cation. MBTS 18a-b are coupled to base 5 station coﬁW’HP?W"?BSC)
20. The mcrocells include base transceiver stations (BTS) 22a-c - that

provi de transni ssi okhedRerrecelie pad the micragellsegosxist quiterivall- cEigpr2 SI'FW@ tBQ'S are
led to BS '
ggﬁlto ere (NgC) %ﬁ&g@%@}%s%ﬂatﬁcggﬂﬁﬁa%ﬁe mg&g@g(igvtﬂﬂ ? %icﬁo@ one net wor k

(PSTN) 28. macrocells incifdermacrocellibase Gimtdiver stAbps msmsym-mmngrdvm cells,
the BSC and MSC 10 control which particul ar cel| corrmml cat es with the M5

and whi ch par tthe treasmission andrecqption of wqe&eShm@amsﬁlqnheM 3grb are caupled om

cell to celk. ' ' Q}cgm S
froma fi rs# ceI %{%ﬁ%&nﬁcgg&rﬁ%&é@?@@the I'ns srlﬂgPde%@%%&gggSMMﬁ

t o communi cat eBES) R24-behdVprovidentratsmissionaind rébeption-bfieireless omhmmrﬁca‘kiﬁnnoves
rapidly fromcell _to cell, a |arge anpunt of_ conmmuni catlon cont‘réuo{ea traffic

occurs bet ween! hesBTH arepuplegita-BSf 24y goth BHC:20 i p4sarg coun] npl e,
wh the MS i s_y:l . As
rhe NN ol R A oy AU SRR Y.

excessi ve, whi (STHH@Beases the nurrber of calls that the cel lul ar
net wor k can_handl e. stens devel opeg n the flel d of

cel lul ar cdfnuni catWBﬁ%aPPR?FlEd@“W)(}Z‘é) igﬂwswn% hejgels, shegBYg and WS
27100987 15 0! {GEPEnIch ik SO E&amh@g\%g g%%gegl%sfaa hich ?argaﬂﬁdceﬂob' e

station by neasuring quency error Irected to a system
for handover ofheM$nishdndedstoavhenthe MSvmenesafrom celb teetdll. nOtdimarily athib is not a
macr ocel | net wor i i

Accor di e lim tati
cel lul ar net V\DP‘IQEI(?BMWE the Mﬁsmﬁs’:‘céegtrfwlg{l ik &Qgﬁﬁg&%? &gé}nls‘r}g"ts
communi cati on Qe@ENEHNETS B Mmibiese Wil ﬂel[ )ﬁ?ﬁ&ﬂ%é‘%&?&?ﬁ‘i‘ks Hcfwever,

Additionally, a limtation of existing cel ar technology 1s that a
posi ti on ofl5t hwhéfa MS mogesmapidlybfromaelltatell, \a ldrgeamountof dommunieatiohor t he MS

to be t ked d d of .th L1 L j.ned.
Sonmry e Eotirol eyl Gergra e tha BES.BG 88k B o T Seurm e s 1 or
provi ding i nt ebnfd) twie!thd MY is 3 a cBAMGMA] throdlhRA drb&i4red on &lTfeewdy s 0N

tracks a nobile statlonsp03|t|on Wth respect to a first base
station and detssaéscontret ¢ommunicdtion detyfeen ﬁhﬁeB'ﬁ&tiBS@:am MSCGobecomes exagssivel base
station. An .exe cel Lular .network
according to twglcpmegﬂlenu eroycﬁmﬁ)aq Eluﬁrngtwoekcan handf|

20 . Accordingly, a limitation of existing cellular network communications is that

excessive control communication occurs when a MS moves. rapidly among
microcells. Additionally, a limitation of existing cellular technology is that a
position of the MS cannot be accurately determined in order for the MS to be
tracked and a trend of the position determined.

25 | SUMMARY

The invention relates to a2 method and apparatus for providing intelligent

cellular handoff. In particular, the invention tracks a mobile station’s position with
respect to a first base station and deciﬁes whether to hand off the mobile station to a
second base station, |

30 An exemplary embodiment of a cellular network according to the invention
includes a receiver configured to receive inbound information from a mobile station.

A correlator is coupled to the receiver and configured to correlate the inbound
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i ncl udes a receiver configured to receive inbound information froma nobile
station. A correlator is coupled to the receiver and configured to
correlate the inbound WO 98/ 34426

PCT/ US98/ 0W®88/34426 | nf or nat i on agai nst expect ed i nf or mat | GeTEsgees ate a
correlator signal. An ~interpolator is coupled to the correl ator and
configured to jnfdriafién agatnst BpecRa iffothdtion to gene¥Atd AdorreRtdESMART Anan

i nterpol ator signal. A mam)tjeg/ is coupled to the interpol ator and

confi gured t o isteppalatonis conpled pothecerrelgtogand configvreddedrterpoiate theperreldtaro t he

5 nmenory and gonfigured. he i rpol at or. si gl t.o de I ne a
posi tion of sxgnaé hogg?f%gﬂt#% igxge ﬁ%ﬁr Engﬁal. % ﬁlg&orﬁt&s@c&u ? %E@heé'n% g”cﬂsﬁént S
track the posiiridddnfifured to stof the irfiérpblatdp sipAale JA @rocessor isCeupled a6 theand of f
and nobile station position over time. The cellular network can

transfer th® nopmpey andponfigured ¢hprogess thecintezralaton signal 4o deserming aprsition of

macr ocel | ul ar : k if the nobile station is noving rapidly. The
cel lul ar net V\D&lg “E%ﬁrﬁ}téﬁgﬁ%f er the nobile station fromthe ' '

macrocel | ul ar net woAdditinal BRbodifnefR arack kiR position/of khel thobiteestation bas&ord e
station is noving slowy. . . Advantages of the invention include
the ability tocellslagbandeffapd mobie statien positiongysnhtimeh dhecellplak netwerieeans

1075 £ e Rl Uil i SRk BB LAPT

handl e nore te _ T can organi ze

ef fici entl ot hadiwbik if tiROmbbi widtionds h'ldvﬁfﬁ r?ﬁiﬂg@ I"Rife cellular network can transfer
DESCRI PTI ON OF THE FI GURES - Addi tional objects and features of
the invention theimobile statipe froanthemacsqrshylannetwork toftheymicracelinlar netyyork; if the
det ai | ed descrjpf4 - pending clains when taken in 20 conjunction
with the draw ’ﬁ‘%@ﬁg.&}?\%ﬁ%& ﬂ&!vf} Figure 1 depicts a geographical

area havi ng sever al Atwgipesdf the améntieinchide the ability ¢ fsdats control traffic
Figure 2 depicts a hardware configuration for cellular equipnent to service

macrocel | s andampeg bedetwork gisments including the BT, BSG andsMSCn ofgiaapsult, the
confi gur at i;@n ' APERR ALY ' PG gd'[p.& L.ment
of the invégtj%ﬁ?nﬁm el |dgg€?lg&4£%g%%tc§usaaburs?{ céortglgﬁgmt}gg{ehe GSM
f or mat ; efficientl§ tigwirie traditional ckllularimworkkor determ ning the position of
a nobile station according_to _an enbodi ment_of the invention; 30
Figure 6 depicts a microcell ul iﬁ@&%@? OF THE FIG Figure 7 is a -
flowchart for deter gl ﬂg@ el fSH i Efdadi

enbodi nent of the |ﬁ\l}§r§t9%%b an%ﬂa?& ok v Sl fir tly apparent

3 from the following detailed description and the pending claims when taken in

=8

20 conjunction with the drawings, in which:
‘Fi'gurc 1 depicts a geographical area having several macrocells and several
microcells;
Figure 2 depicts a hardware conﬁéuration for cellular equipment to service
macrocells and microcells;
25 - Figure 3 depicts a hardware configuration for implementing the invention
according an embodiment of the invention;
Figure 4 (_iepicts a burst according to the GSM format;
Figure 5 is a flowchart for determining the position of a mobile station
according to an embodiment of the invention;
30 Figure 6 depicts a microcellular network;
Figure 7 is a flowchart for determining a handover sequence according to an

embodiment of the invention; and
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PCT/ US98/ 01759 Figure 8 is a flowhart for perform ng one of
the functions of the Figure 7 fl owchart. :
DETAI LED De&s¥3d4160N The invention relates to a

apparatus for providing intelli gent 5 cellular handoff. In particular, the

venton, Lok S b ZHBHERR fr RETARR ol e gl e 1

second base sifaiwichirt. Exenpl ary enbodi nents are provi ded for use W|th t he
G obal Systens for Mbile Cormunl catlﬂg‘gﬁé P\% conmmuni cati on protocol .
The exenpl ary enbodi nents are deRET RIKGION 1 ef erence to specific

that var{ous - ARARSIAEEMdes 18A15ENaKind Eetulls 0l p AUt nbenoBl TRV
embodi nent V\A&'bllhﬂar handoffe rlnpamnglaw thdnimeﬁtim trackpe nwbilé mationly positianwith
As explained in the back roun Figure 1 depicts a phj cal area having
sever al nacroc!’éﬂPP@tQE dirgt ‘&Feﬂ“gldeﬁ’péﬁ'\‘}h“éh‘l’fsmi’%f? %Eﬁﬂb‘il?%m%‘lfhtplaon
oAy sl atd Al BelpERS EmBbaifihts il Tor'k il Ve Gita be

or der ele

continually service one equi pnment to malntain
the call. Fi gi8ystedsdepMobile Goﬂlmudmmm (GSM) mnhunjmtmhl}mmoéoir cel lul ar
equi pnent to service macrocel I sognd m crocel ] s. _Note that BSCa_20 and

BSCh 24 are both cdigiexemplaryisebosyments a7 described herels with mfergnse fospecific ( \gg)
makes the ﬁ?C'cﬁh &@&mﬂ&g@?&g%s&mgm %ﬁfagﬁéeaamﬁ thgrﬁbhy' ar 20

network 12a-d e m cro r networ e exenp

enbodi ment chaxtgee ahdmodifichtiona tcaml be matidto ﬂldsexerbplaryl dmbodithehtaivhide nat el y be
| ocated in the BSC or . BTS. To. make t,he deci sion, the invention first

| ocates the NMEeHBnifgwithip e cARs;Of; the invent Ofgosi ti on over time. The invention
then det erm nes ho‘%sb&?ﬂan{eﬁ 1S BleiabEerbilfi £1 c&leirbaahzl udi ng
position and signal. strength. ZeSa %r &%‘1} gegt | o tli on M

Det er m nat i on several macrocells A’Zn—énbdasbvnmhhuémcelbdﬂmcmmmﬂasmbm Sy 16t i on

position i descr bed. erence Fi ure thr j gure 3
Gepi ct s a tE5mEh faraper i FUF Outing a el A doiet b conmuly pamieedin
accordi ng an %@&%ﬁﬁi&%@ﬁho’h@ BquipMertith Akt tRLN nI"?’igure 2 dépict@R Hardware

transceiver 42 are coupled to a processor 44, which perfornms the invention
30 descri bed rohfignrameor celhdar equipmentto servictemacrotalld and ticroedlisy Nate thad a

oM 10Tt o ST AP B ol RS B84 P St ™ - 4
( m danbl e) 56qpvSs) dkeR ie@eciSiol whettel tol@dle the call through the macrocellular
20 network 12a-d or the microcellular network 14a-c. In the exemplary embodiment
the MSS is located in the MSC, but it could alternately be located in the BSC or
BTS. .fTo make the decision, the invention first locates the MS 16 and determines its
position over time. The invention then determines how best to service the MS 16 -
using crite:._'ia including position and signal strength.
25 A.  Mobile Station Position Determination
An embodiment for determining a mobile station position is described with
reference to Figures 3 through 5. Figure 3 depicts a hardware configuration for
implerﬁent_ing the invention according an embodiment of the invention. An antenna
40 and transceiver 42 are coupled to a processor 44, which performs the invention
30 described below. Since the invention is described with reference to a GSM format,
Figure 4 depicts a burst 56 according to the GSM format. A burst includes a tail
56a, information 56b, training éequence (midamble) 56¢, information 564, tail 56e '

4
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PCT/ US98/ 01759 and guard 56f. The m danble 56¢c is the portion used to
deterni ne the position of - M5 16. Under the GSM standard, the burst

| asts 577 WiOr98s4426hi ch is 3.69[err]s per bit. A t ypi capckRB86E/019%0
cross-correl ates the received m danble 56c agai nst eight possible '
sequences. The e | ' r | 4 he
Correct 5 apauftd NpFCTRE ol 36 fiak poftch uRSH 6 (i BPBGGGY of |

mobi | e st at i OM$Y6. Underl diesGSMrutankdaml, thet tawsiastd $77uswhioh fish®. 60 enperdtit. bAt
which results in a position resol ution of, 1. 108Km (.3. 69x10[ er,r s x

3. 0x10[ er r ] mf dypical gesejver sxqs&fsoeﬂetebsemwdr@éwme@ﬁ against e1g tpass
round-trip si a [ of
1. 108Km or S%e“gsr Vlglt?r%lg%eoggo %Pﬁléﬁgggﬁ{eﬁﬁg %ngl t1on, tﬁ{?&

resol ution 3 s sigpal. Umﬁrecexvercandetennm'éfaeronglvammfahemoﬂﬁe slatlgnbyl cant| y
| mproved position resolution. Refer gure. 5 a.flowhart is -

presented for @@P@Bﬂﬁlaﬁﬁ’@ﬁ%‘aﬁ%ﬂq‘ﬁ ﬁW‘Q“nﬂBWF‘é"%‘#&E’P g Rosition regplution; ng
t nbod t t
T, gt P S, S

42 receive the recel ved si gnal processor
44 15 recei vedbakddeon ronad-udp signaitavel théactaal MS position fdsplutdon ischabBsf corr el at es

. X(k) agai nst an expected signal K) usjin a correl at 46.. The,
result is a cHalffKm, ?Fpiﬁé’b For purpegeaeﬁéeemwg Msoﬁqﬁ!j‘@e)a%ﬁ{?é? paop {sl)
(k) = [erig pp} v (k-n). S

step 64, the correlation is up-sanpled by inserting zeros between valld

sanpl es. This resul']the 1hverﬂqm@rd\mdes(sig)uﬁcantly improved positionhrgsolutiopn*Referring ( k) ,
for n = 0,

1,
b0 O i i or bdb ElBlSR St IOUCheFs 13 efeaRe SR TR0 MrRoshionafa mohils salion
and to limt ta{aso g@ﬁgﬂ%&%ﬁéﬁ%{ﬁé%&ﬁ& dw*:%ﬁkg Sintkiph 4D And BYRscRiver

Iovv-pass Is results In equatlo

h[err] (k) [erre];eﬂlé ﬂiert]u('snfrdn( MS<]6 as a received s1gna1 In 8P 62, processor 44 In
step 68, the correlatipon is, stor d then s e 60 to 6 are re ea ted for
: sul¥ e Fepafvesye nbgund, % %’ dn e85 L This

r5es ul'ts in equpld,BactéPsighdtly(k) using a correlator 46. The result is a channel 1mpulse

response h(k) according to equation (1).

B = = x(n) y*(k-n) 1)

_ In step 64, the correlation is up-sampled by inserting zeros between valid

- samples. This results in equation (2).

“Ch R = k), forn=0,1,2... &8 =0 otherwise @

20 In step 66, an interpolation filter 48 is implemented to average the samples
" and to limit the bandwidth of the resulting digital signal to have a low-pass
frequency. This results in equation(3).

B (k) = Z b, (n) f(n—k) (3)
In step 68, the correlation is stored and then steps 60 to 68 are repeated for q

successive bursts to obtain q successive h,,(k) sequences. This results in equation
25 @.
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PCT/ US98/ 01759 hferr] (r,k), for r =0, 1,
2... -1 (4) ' In step 70, the g successive ‘
sequences woeostaandsi ned to obtain an average up- . sanpleﬂcﬁhﬁﬁ%@kg

I mpul se response h[err] (k). This results in equation (5).

h[err] (k) = [ert] Wn) h[err] (n,k) (5) A
variety of different statisti cahwt(e,ak))r)ques Oclzdh..gpel enpl oyed in the (4)

i nvention to provide useful "informati on. As expl ained in the previous
paragraph, an average 5 of the inpulse response sanples (h[err], h[err],
h[err],... h[err]) Inatep{de, teacbucesssiea seqnénges arp combined tpahtainn ayEr2gH¥PMVG.  An

unwe ght ed aVeL 208 1 Ra RIRNRS Rlpbhdoh 05 O TH Wal O F LR, (9)-

Anot her type of average is a wei,ghjed av g rding to equation (7), 10
where coefficients aferr] to af é&\&é"?a'rg g}@e@pfg@%he wei ght to gi ve®o each
position sanple. (al[err]h[err] + a[err]h[err] +

h L h [ Qoo . 7 R
Aot her  type of avdh e 8 Geteal ptisscrlisriuimey b bssolosadn e pyontion !
equation (8) wHhPrsviddesehilinfErmatidAE AXiplainedsn BeprevicurpaRdafis; af aviiags r| and

h[err]). (hh[errl]r+herr] + hlerr] + ...
h[err])/(qg-2) of the impuise respopg)samples (hy, hy, hy, . . . Ihearebepsgdita determing dehni ques

Addi 1 onal st P anfoe HEr AVE S Bied Sbimes 5 oo TRSbTY Bichfting o S

~enpl oyed in tft[g_i nvention to provide useful information. The result is a
peak that identifies the position of the Ms. In step 72,

the peak of h[err](k) is determged,, reguliingy n/gn accurate positkﬁn
of the M5 averaged over ( bursts.! Thé ac?:uracy 6f the interpol ated sul t

i's much better than that w thout the interpolated results. For
exanple, with a relatively ow 20 nunber of interpolated and averaged
results (e.g. 10) the peak can be determned to w thin approxi mtely

1/10 of a bit tine, egiynecf avemes it 2avpiskied pvsiRgeaserTdingdn egratipa 1),
meters. 11,8 | PRy BURBEs 8 to'A}E?J@Sé@&fﬂxe%rﬁwgﬁgwgﬁ&%sﬁﬁn@m&e. 100)

are
(a,hl+a2h2+a3h3+....aqhq)/q M

Yet another type of average is a modified median average according to

-equation (8) where the two extreme positions are discarded (e.q. hy4 and h,).

(B, + by + by + .. B, Wg-2) - : o ®

These 'statistical techniques are used to provide_ an improved position
determination of the MS. Additional statistical tecﬁniques are known in the art and
15 can be employed in the invention to provide useful information. The result is a peak
that identifies the position of the MS. ' |
In step 72, the peak of h,, (k) is determined, resulting in an accurate position
" of the MS averaged over q bursts. The.accur'acy of the interpolated resuit is much
better than that without the interpolated results. For example, with a relatively low
20 number of interpolated and averaged results (e.g.' 10) the peak can be determined to
within approximately 1/10 of a bit time, which results in a position resolution of 111

meters. If a large number of interpolé.ted and averaged results (e.g. 100) are

6
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PCT/ US98/ 01759 conput ed, the . peak can be determ ned within
approximately 1/100 of a bit ‘tine, which results in a position

resol uti onWeX98B442¢et ers. |If even | arger nunbers of i Nt pCOkgEIRFs9and
averaged results are conputed, the peak can be determ ned within even
better resol utd i cal Bt ieried BithAS f&F&nE@i} hep@6eH bt iite/

det ermi ned, ther g@ﬂge coﬁpetl nglprl @ es Int envfironnent On

t he one hand, which rtesuttem opositier meguistion of 1lwinktersyi lfledemlaagamﬂumbeugﬁ VB

posi tion, on the ot her nd a l.ar nunber of gverages Wil | Jd a
slow fine M5 pBIETPe ﬁ‘gt S js Sompufsd, Mﬁ P, detrn eantﬁxq ar ge
nunber of aver%%emeg,mﬁmaveragl ng the MS position at it noves. This 10
woul d not yield a useful result. Therefore, the invention anticipates that
a bal ance i § %llglﬂleMStpmmnnk:hmbeacwmq:lpdeterrmndé,tmemmdomdne VS
position and the resol uti.o Siti

., F GSM
envi ronnent, a%“f‘g (PH“F‘BE‘B Ry {qe(;ﬂvg?nmmt N%“%i ik B"E}H"e (l,%?‘% t"gg'l gpﬁ%ﬁf*&&ﬁ% a kes
appr oxi mat el y @fry E‘lk £oigh MQP&!Q&P%H)%C other hahd62 ﬁfmﬁei' R

note that a p05|t|on r oI ution of 11 mtakes approxi mate 15 0. 46s (100
frames x 4. 62nwilpgield a slow)fineM8 pasition. Howiever, tite MGOhaybsfaaimbvmgandeh

only 12..8min his tine period nak ths otitsMnresolutlon
Sccurate than 1anEe numbes of Avessges Sauld Bk aytraine the MS Rofifonat it movey THA o
bal ance betjgeeqoRasio i 4 G5:Phitedd) - Therefore, @elﬁoéﬂﬁaﬂtaha&pﬁeﬁﬂﬁvsraﬁ%&qstl me .

will end up sonewhere between the two exanpl es gl ven.
BS keeps tracksoughtlbntwm tpogmlsomtltnﬂenenmned)ﬂled\ﬁrpomtmea(l@thg: rescélhmmfy)

and provi des tE‘F gf or. n to o 2%@ of tthe cel.l ul arlg vgr
-exanpl e M3 @ost P“ 8‘%"!?%#?? FOVIERITRENL 3 PPREYL FRSQIPERP ¢
described bel oy yigedccbptfble, which iﬁéﬂéﬁfiﬂoﬂﬁﬁﬂ)ﬂéﬁﬂd RAieve AtPfrhmes x

Det erm nati on. O her exXanpl'es of use position and velocity -
i nf or mati on i nél63msper framgkndisolnoteathitompasitioniresal@iconef 11awtakss appndximatshent

I di t ts
Pportant 45peRitBs (100G, 4 2R ar Bang. BOF S Funatne ohl (s viIL Ve
service. That pfly 1288rh $n SiOlhe peidd Rekids are lﬁmﬁre&auﬁmgﬁeke AlRara0@hh on,

but shoul d rat her be handed off to other cells that can handl e the
cal | . A diffi crequiredyi 14§ amasult, ltaemempmdthatsﬂlehabnmwmwmwmcul t

and mul 1 pat h S PETRGSH e QU RbE st it o pn somepry B ichupethe S im0

exanpl e, recei pensi gnal strength information (RSSI) is collected by both

t he M5 7
20 - The BS keeps track of the MS position information over time (e.g. velocity)’

and pr:avides the information to other portions of the cellular network. One example
of use forthe MS position and velocity information is described below under the
. heading Mobile Station Handoff Determination. Other examples of use for the MS
position and velocity information includes emergency location of the MS and law
25 enforcement purposes. |
B. Channel Condition Measurements
An important aspect of cellular networks is to provide continuous call
servme That is, calls should not be dropped due to signal degradation, but should
rather be handed off to other cells that can handle the call. A difficulty with this
30 aspect is that some areas are difficult to service due to various obstructions that
cause fast signal loss and multipath effects. in order to accommodate trouble areas; .

for example, received signal strength information (RSSI) is collected by both the MS

7
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PCT/ US98/ 01759 and the BTS so that the best BTS can service the M.
The GSM format provides that the M5 and BTS are to perform channel
condi ti on woesBsesents (e.g. signal strength and qual igpusRpEIsE’
superfranme (480nms). The channel condition measurenents are often

cal l ed uplink Wy O LSysl 0 ded
accomuodat e ha%?@%hﬁﬁp tﬁ@“m gnaﬁ%%ﬁlﬁﬂﬁgﬁfy%%ﬂg&%gwl =

t echni ques nusthatt@eMS endBTS arel to perform shamnel donditiommaasuremrents (¢.gpsignad t o
establish a trend or_rate of cha Qre, an

i T .
embodi ment of Y¥eagthapd qualiy PREPPEF W&%ﬁ@ﬁ"@%dﬁq W“Q%;”?Jlﬂ%s urement s
by the BTS mrﬁ&&h&ﬁkg&s%gﬁ&fﬁﬂ% G lidWm[-ﬁ?re%t ot FRéver Whis'i€ nbt¥en10 M

is limted to provi ornmation, Tor exanple, once per superfrane
(due to thes5G3¥vonagie to docomtmodaty handoff BT signah degradesiquicklyy Conwenteohal The BTS

can erform channel condition nmeasurenents nore frequently than

requi r ed uﬁder@‘ﬁéﬂues mast @Hq’seﬁé '58&?'\(16?‘?'.0% of measurement éWW%ﬁ%@gth?ent
of the inventi forns channel condition 15 neasurenents
every 8-10ns iﬁé}{d%{}%&%@\}}e ©480nms. In order to performthis

procedure, the BTS Theveforesan embodimeht ofithe thventigreperforms channeheonditioncondi ti on

or e RRY Be b diiep S8 ERLIAINS BSVEGTRs SRS s
recei ved Sijgnalys i s GG ding RS Ormalie To¥ Sfhosphalonb pB plisar ¢ er 1 Or

rate, timng advance r conditions. A'significant advantage
of this additi (@nalto thefGSMespecification), izt BTSiés not similady lgnigedal Ther BTSI cars

identified with greater te ral accuracy. In thi ner, trends - of
Ithe I\/:S l:han\rllmel'PirgHm ‘EhaB?Fi ﬁ‘g“‘é”c B‘F%‘H}JW"{SHB“B Seqhgfﬂ'{;gtﬂ%" {?ggﬁe‘fﬁn%éf@r i ne

whet her t o hanggjf Mt 0 anot her BTS. The information is
al so used in trend analysis such as anal ysis represented in 25 equations
(9) and (10). In an embodiment of the invenfion,r the BTSfgesforts ¢lranei\gongition

(RXR!(_ a'(A‘a ) lsmﬁ%m every 3-40ms 3’8%“)3‘1 of every 480ms.  Jpgrder to perfok ihs | e'rI'LL

trend infor mat hRRedute, UEEBTE ProtRbRE 1 GHAFPRRA td b&TdmSthe ichirMEN@nkidnas wel |
as rates of change in the channel condition information. The processor nmay

enpl oy f imeaswrenents merepoftenn dios example othe BSscollests ehannelnonditigngfas,

permts the pr €ach bugst tﬁa? may include received level RXLEV (also known as received signal

8
strength - RSSI), received quality RxQUAL, bit error rate, timing advance TA and
20 other conditions. A significant advantage of this additional information is that the
MS siénal trend is identified with greater temporal accuracy. In this manner, trends
 of the MS channel conditions are stored by the BTS and are used to determine
whether to handoff the MS to another BTS. '
The information is also used in trend-analysis such as analysis represented in

25 equations (9) and (10).
T, = f, (RXLEV(1), ReLEW2), . . . RXLEV(p)) ©)

T, = f, ReQUAL(L), ReQUAL(2), . . . RRQUALR))  (10)

The trend information is used to determine absolute RSSI information as well
as rates of change in the channel condition information. The processor may employ

filters to remove noise. A low pass filter, for example, permits the processor to

g
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PCT/ US98/ 01759 i dentify and renove tinme fluctuating channel condition .
i nformati on due to multipath effects. Additionally, the processor may
det er mi ne WOB8B3426 derivative of the trend i nf or mat i ORCHUSYs/ESIPect

to tinme or higher order derivatives of the trend information to

i dentify rel evigshtifiyrahd rembvectime Tloéctaatingf chanmd conditiel MFormatiph dde ed multipather

the M5 5 wll_experience_a sudden.|loss of comrunication. For exanple, a

| ar ge negat i veeffects. Additipnallys thejprogessos may, detgrmine, the St denivative of thestrend: 4t

| oss of signal, . "i‘@%ﬁe& ; -Loel) i : S
experiencing sﬂgéérgﬁ?{' gvl' ﬁhy onst?grﬁri lblﬁ}zlﬁr Og‘?%re%ﬁgt ) egggﬂx% &éﬁﬁﬁgfo?xg?%@

posi tive val uetd idehtifrelevanhinforiniation/S This iafpmatiemheélpgtosprediet whether thé MS gnal
strength. As a result, the processor can accurately and quickly detect

fadi ng and 20 will grpericnces suddan loss ofcogannicatigny, fiog sxampleca Jates BeEaHWR her BTS
to pronote congl [ -1 & ' i . ile
Stati on Handof TR gk he frst ardceldalvAkR ihditarSYRNoEPbY el sengey wiile AN |

det er mi ned andvdlbeinditates that therMSiipexpesiencing subsadtially constantrsigal Strengtli, atiéci de
what to do with _the M5, An eng%di ment for intelligently 15_deée,rm’ ni ng
whet her to han#éAFge pentiveyalus 1ngigatehthatthe MY israperiencing afapheainpesiginle

to Figures 6t ' ' : wor K.
To col 15 14a SEdh Ry et the proccpsor ol hétuRuclf BN bRy ARlcpL lng By, 1
cel | bounddgi esignal deghadationtin ordet ite handaffl the MSuveanother BTS tbipeorhoteresntinuoas!

power level fromthe, respective BTSis, for exanple, -85dBm 20 Wthin
thi s boundary, Mg X FOMBMBICHUON accept abl e comuni cation signal from
the BTS. Al so withigsfl Seudh faAdk BARrAlftsh  ong power zones 80a and 80b
wher e the transmtted power feve fromthe respective BTSis, for

exanpl e, -80dBm Once heMS poditivasia detenmined and/thevR$S] information 3 colledtédyuous
high quality si Three handoff criteria are used

convent i onal clgﬁgelr}%ai.%wuﬁté@ﬁﬂ% (Wbt to deowith the MS4 Ax prabedimss FéPtFlélg%‘}dYgf t he
current celjls ( 4&4B9mining whether to3hand3?f thd s i&ra?%ﬁilg{' ﬁ'I‘F%(; ?éstcﬁﬁecf Wfth REeRRROT

cell (14b); and ) the threshol eve e neil ghbor power
zone (80b). to Figares ethtougin8! cel | ul ar technol ogy enphasi zes the second
and third criteria. _That_is,. a si.gnifigant or .i.n, deci,di ng whet her
to handoff a call |§‘gﬂ%§8"1’6‘ﬁsi‘ﬁﬁuﬂﬁﬁ oFk. Ff%‘ﬁo'_cﬁlie‘laf“tafﬂﬂ lghar“tﬂ’(?wﬁg‘f’mbor
pover zone 80bresliitive BTISI 222 AHBR2S. ThREIKBottktied &e drawn to reflB& OGR! whtrér
environment such as the suburbs, it does not work well in a

m crocel | ul ar thewransmitted tpowaclevelsfrom dheciespective\BES ds,tfor eXample;x-8h¢lre, t he MS
S i s . 9 ... WO 98/ 34426
PCT/ US98/ 0 PP5g Within this hondary, M gan reeeive am gecepghls Ommuynicaon Stepliom o re

into view for @aiBT® ‘AN@Nithin cells 14a and 14b are strong power zones 80a and 80b where
the transmitted power level from the respective BTS is, for example, -80dBm.
_ Within these zones, 2 MS will receive a continuous high éuality signal.
Three handoff criteria are used in conventional cellular technology:
25 1) the threshold level of the current cell (14a);
2) the threshold level of the neighbor cell (14b); and
~ 3) the threshold level of the neighbor power .zone (80b).
Conventional cellular technology emphasizes the second and third criteria. That s,
a significant factor in deciding whether to handoff a call is based on the neighbor
30 cell 14b and the neighbor power zone 80b. While this emphasis works well in a
macrocellular environment such as the suburbs, it does not work well in a

microcellular environment such'as the city. Ina city, for example, the MS is

9



period of tinme and then di sappear. This occurs often when a Ms travels
t hrough an I ntersection between two tall buil dings where a nei ghbor
BTS is | ocated down a per pendi cul ar street. The M5 nay al ready have a’

good si gnavofegsigahe exi sting 5 BTS, but since the handcgéT,ggg?,;opfsba
~enphasi zes the nei ghbor cell power level, a handof f is pertormnmed

Then, after the NS tr veIsIhrou ection Sirong
signal fades cEAntRPGusiY %exmgshgnagrft BBS&E“?SOT%M ?frég'tgbgﬁyﬂl S results
in o alar ?&xdatmﬁﬁe 8{d thapdRigpear MIhis ok g6ftaWhn a MS tslelthiough an
communi cation to performthe handoffs and maintain the call. The

invention is dinergeetion betweenitwetall byildisgs wherea neighber BES ilocatsd 1OWRAG t he

vari ety of | RerbmRR e RS gl haved Bodd WAL G, igBidsdyg 27 O
The inventign Bﬁ'%%ﬁ&%&mueﬁtmmem;@suﬁe néifiibordell powarlevel, a .

crlterlalncludlng the M5 position and trend (aﬁ
vel ocity); 15handoffis p&)foxtmé c'FhPﬂn dheMS travels throyghethe igtersegton and e and

6) the known network t

The invention B?Qa’t,geség'ﬁi)%% g%f’@%ﬁ’a% el%ang?da %%hr{légl{e?%!nh?%e'r isrepulleid, i
(the threshol dalg¥€humber dfthafidoffsciid alatge ambha) of fedvdrkrcotrnamicution ke second
and third " Criteria as in the conventional techni gue The é_%F{went i on

reduces handof perfosyn thechangnffsandimaiptainthecall. nZhe myentinsds designed
t awhich the MB
Par aretCr'S 150, Rind S PABEBREANR e e rspif ibwohE ol ch Lhe 16

BTS sinply because The irveatsiccaBitaizes on alvatiety of ifogration kb perform inteltipenyi nal
communi cati on nust degrade bel ow a predeterm ned threshold in ord r for
the M5 to be héambde@gﬁhe MSe Thednwention emplays theraayentionalesmiieria jagd additipaal |
a 25 mcrocel lk’e'n‘%mﬁ”&ﬂx onnent there are a nunber of cells that can
satisfy the Ve ni cation requirenents. Therefore, there is
little need to quicky mdms@oilﬁoxaandtrend e\ velocity)er to prevent dropping the

call unless the S|gnal degradjng rapidl, The invention
can al so em® oy theSh ?@WEPOW‘UH&“FW%%WP 'ﬂ‘h criteria to

determi ne whet her t I saware of the M5
30 position, the I\/g)vel og&bﬁwﬁktwﬁlﬁon |t|on |n ormation and the

net wor k t opo rIthgynvehﬂm plavesrat significanhamonr lof egplﬁsis}oxﬂtheéirstimheﬁm et her
to handoff the M5 fraom

first BIS tQ a, second ver . the
i nvention can dtedhmeshold W\{@ltqféﬁe cyyrent cﬁl 84a)(3 rather t%an on ﬁxe seconcfan(c)i third
10 28 in the copventional tech The invention reduces handoffs b
PCT/ US98/ 01759&3:{-@(4‘l handof T the Vo frn(l)qmet heerlr%‘{:;locel | 'ul ar pet\Aoryk to the
m crocel | ul 20 rpetmmﬂg amMS that has igoad cemmenicaAinparamaters (o sthyein ¢onemuiicaiion

d the numh f d K i cat
traffic .neo?‘ﬁéw 58 BV whi e b Ranicaad's phatis, SRR B0 i ¢
the M5. 5 eﬁrbr?wi 828hd BTSQmplY BeRiSE Mkisesdnt BT Siall adstitingét. The

reference to F| gure 1
original commumcatxon must degrade below a predetermined threshold in order for

the MS to be handed off. One reason for this change in emphasis is thatin a

25 microcellular environment there are a number of cells that can satisfy the MS
communication i'equirements. Therefore, there is little need to quickly handoff a
MS in order to prevent dropping the call unless the signal is degrading rapidly.

The invention can also empIO); the additional fourth, fifth and sixth criteria to

d;termir_ie whether to handoff a call. Since the invention is aware of the MS

30 position, the MS velocity, the channel condition information and the network
topology, the invention can intelligently détennine whether to handoff the MS from

a first BTS to a second BTS. Moreover, the invention can determine whether to

10



Figure 7. In step 110, the processor determ nes the position of the M5 16

as | descri bed above. In step 112, the processor accesses the known
t opol ogy of the cel lul ar network that includes both the macrocells
12a- ¢ and WR&8A44@6 ocel | s 14a-c. In step 114, the proceCIUSIELITON nes

the position of the MsS over tine.(velocity) 10- with reference to the
net wor k t opol dgydoff thedM8 ffroirl e mdveocelulae satworketophe microtelluMB networkjpodi t i on

and position trend information to predict the future ppvepent of the M.
T For exanpiee Yers- AL Botibahe fybafan fedutes S miber of PAROTE A00 SAMES &
known route SNRY i ' ' the future
novenment of tﬁgnrf\%ld?gmﬁﬁxnﬁa%%rﬁ“ nuéngf%ﬁégﬁﬁgﬁ??ggﬁvabs Hl—{bg\ﬁ/gi\?girity I f the M5
vel ocity rapi comnuimications with the\MS. 15 processor will predict that the M
exited the freeway jnto, urban affic, a parking Jot . ot her slow
movi g ared Ae o SRBSRATLS B aperaton BROY R rferenes todbiedte | and

I ncl udes deri b es mfsm@qqot e pridéesbr dBRARInEs {48 pobifiBn oF'tHe M8 1¢8k0Ci ty and

accel eration. I'h step 118, the processor W || determ ne a handoff sequence
for the deRribed sbove. dostepsitidnthevprodeston acqesses thet knowmopotegy obthet he MB.

bt on bRl RELAGR WRSHAHIE e b BRI RI | 1T
for exanple, tfigwNy 14248 G'E%ss%i‘héteﬂﬁiﬁsms ﬁhfpongggfoimﬁgof%vertmﬁe PeRicpgpor Wil

track the new position of the M5 and y t handof f “'sequence
accor di ngl 10 t oviglereférercetth theBtwork topology. In steghbl 6, tveeprocessori employsahe MSibl e
of determ ni ng whether to.handoff.the.call from 2 a mcrocel lul ar . network
Lo a mcr ocel OPEPN A50 ROTRSICAPA niemaatt prefiflibf Fynyf® oyement of teTap g r %
flowchart, at 1BtRpelatfple,!thehistrRM meventtat 6f the MS isvagiaAa aldnES MownStdaRi Ny
serviced by the mcrocells. If yes, step 132 is perforned to determ ne

whet her the  such asviSfrieemay, e priocessscwidliprediet the futune. movementofcthaiMS:tb nunber

foti .g..3) | | h . i.ned_. rof d
Ce. o 50y ™ 1 HpitleAihe the frog. HowEREr, e B PR e Reea, BECCO! 1"
It step 1325i pr¥@Ssor Wil prekih mmmmemkva'y:mtemmhimﬁ&pa kidgbine

whet her the Is predicted as a fast noving Ms."|If yes, step 138 sw tches
t he MS onotleg /s mgving area. As such, position and position trend information

PCT/ US98/ 01759 ey, . FTAC, | ar..netwar k. Thi rves to
reduce the ovelf"gf’1""stélr%):f1l tf‘{:egglégcgsﬁ@ *%?%E“Wg&? -gas il-"fl‘\:btglaégot herw se

cause a | arge ampEexationf§ Ihaasofs, the plotéssor willl défermine dThaidefakdquenas foraha\or K.
If step 136 is no, step 134 decides to keep the M5 in the m crocel | s.

5 If stM§ thasds eensistent with the-predicied mavementnfithe Mser §tepe bl Qtjopgie18
[ t . j [. i ' f ast
movi ng M5, 27 S8 perfpmet g8l o liRa o8 bt lRighad h, MERERERETE, P

network. |f yegsedistedhaddbff eqagnee férathd/MS. If, fori éxBmplep theaMS ealek ki legit offet wor K.
This serves to reduce the overall traffic because a fast _noving M5

woul d . ot her wi stBe &gawey,h¢ progesserwikl-irackithe,new pesitien eff the MS and will modify the
m crocel | ul ar I . The. st 32, 136 and 140 can be
further augmn@g% e d {;?rgxnng}y t((:)rélé e(?el tggidsl.

The invention is also capable of determining whether to handoff the call from

25 a microcellular network to a macrocellular network and vice versa. Referring to the -
Figure 8 flowchart, at step 130, the invention determines whether the MS is being -
serviced by the microcells. If yes, step 132 is performed to determine whether the
MS has been handed off more than a predetermined number of times m (e.g. 3) in
less than a pi'edetcrmined number of seconds p (e.g. 90). If not, step 134 decides to

30 keep the MS in the microcells.

| If step 132 is yes, step 136 employs additional information to determine
whether the MS is predicted as a fast moving MS. If yes, step 138 switches the MS

11



as expl ai ned above. For exanple, the determ nation of the nunbers mand p
can be nodi fied wth good results. The determ nati on of whether the M5
is fast noving can al so consider information regarding RSSI and other

rel evant iwbesagfzgon. 15 %F
Advant ages of the invention include the ahility to reduce cPon ro Hﬁrsg‘\lfic

anong the net CREGOSTE hesloR '(ﬁé&“ Yoiranl frafrR ekt . the
“inventive net %%rﬁ()?{fn a%%lléxﬁ?ﬁh?@o?lgl ggﬁ&ﬁ%‘%cé S %ﬁgecan organi ze the
calls nore  a fasefrfovirgeviSiwouldhatherwise cansh 4 lasgesdmamk bfihandoffdtaffic ksthe 20

Havi ng di scl osed exenpl ar di S and th est node {1 cations
and vari ati on?‘%ﬁ&ﬁﬁé’f‘ﬁfﬁ@%&?@p éﬁ%g‘?ﬁ“iﬁﬁ? M?ngg glnﬁFni ng
Wi t hin t REcroGaize of the i nventilon as defined by the follow ng clains.:

12 . CLAI V5 What
Is clained5sis: If step 130 detefmines [that the M83ebeing sérviced by theomaarodellat stery wi t h

a nmobile stati and for dejerm nj.ng, a sitian sal d bi |
station, conpllﬁ‘gfi?@’.mm?)s whetl.ler the : ’F@E&"i’%’”’(ﬁ jt 2BYe 'e?’f"oqggclé ve
i nbound i nf or g?&&ﬂ%@ d VIS ovat & the Hitrdcellular nefbark) $yes, step 144 keeps thePMS

correlator (4 coupled to said receiver and configured to correlate said
i nbound withfthe matiooellwdaraietvedrk e dihéscsendts ito feduoamthe overall trpdiie berause
correlator sign

al ; an interpolator (48). cqupled.to said '
correl at or andastBQVing WS yrauld ‘i’th?%‘flfﬁ)qaﬁfeép EUP“?RS’(’“O%M‘\%B&'&F%‘C& fial to
generate afy i HiGbRRubirHeridrinal ;
The steps 132, 136 and 140 can be further augmented with additional criteria

as explained above. For example, the determination of the numbers m and p can be
modified with good results. The determination of whether the MS is fast moving '
can. also consider information regarding RSSI and otﬁer relevant information.

15 _ - CONCLUSION

Advantages of the invention include the ability to reduce control traffic

among the network elements including the BTS, BSC and MSC. As a result, the
inventive network can handle more telephone calls and can organize the calls more
efficiently than in traditional cellular networks.

20 . Having disclosed exemplary embodiments and the best mode, modifications
and vaﬁ'iaﬁons may be made to the exemplary embodiments while remaining within

the scope; of the invention as deﬁﬁed by the following claims.
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a menory (50) coupled to said inrterpotator—and configured to store said

I nterpol ator signal; and (52) coupled to said
menbry and configured to process Hﬂﬁ”ﬁlﬂ“ﬂjﬂﬁ% | ator signal to determne
a positi onwer 9884426 nobi |l e station.' L w2.s * The base ptaiusosioigée Cl ai m
1, wherein: : sai d i nbound information includes a plurality of
bursts; said correl ator signgapygncl udes a correl ator signal
correspondi ng to each of said bursts; 20 sai d interpol ator

si gnal i ncl ud&¥hatiis clatmedds] at or si gnal corresponding to each of said

correl ator signals; e . Sald memory.is .configur .10 re said
I nt er pol at or i'gnaIAS?elﬂ’rlﬂf base station for com@gpxg%go%@égg}ogﬂggtgg{w F‘é‘tfoéd to
process said idaipmithgh osiSooRdak] MBbiltSStARIoN, BEmpridink: position of said
nobi l e station. 25 3. The base station of claim2, wherein:

sai d interpbl at or iasreceivericgnfigured to reosiveinbournd infosmation fromrsaid pobile or

signals; and . sai d processor is configured to process said
i nt er pol at or §Fﬁﬂﬁ1s_by a statistical techni que to deternine sai d
position of said mMydrRidtdrdonpled to35hid receivér and confifiéredd &5 €orselatk isfid ifoundiai M
2, wherein: said Interpolator is confrgured to | ow pass-filter

sai d i nt er pol dnformatiomagainst expected information to gerietate)a comelator siggalsonfi gured to
process said interpol.ator.signal an _aver.agin techni tQ.
determ ne said posiaf‘i‘BWa%g’g‘foﬁpﬁﬂggﬁd &%ﬁ?%ﬂ?mgco_"ﬁg"@%l&’%gﬁw shid

13 10 coPrelator sfsrfaflo génefatd Bl intipoldter sigia®yi di ng intel ligent cellular

handoff of a nobile station, conpri si ng: a plurality of
base stations, eacls pemerystoupledto szid inferpplgtor and configured to store said (3) a
recei ver (42) .conf ilgur ed to rdecei ve i nbound information fromsaid 5
mobi | e st at i orf NteTPOIAtor Signal; an (b) a correlator (46) coupled to said

recei ver and Confi%ﬁdesk&&a{ﬂwk&wd memory and configirli €o proeessndidi nf or mati on
agai nst expected information to generate a correl ator ' si gnal ;

(c) an int er pdnterpaiaton sipnal ¢adeterming a pasidorcof said mobile HatiPneonfi gured to 10

I nterpol atec.sajd caprel a .sianal. t nerate an interpol ator signal;

(d) a 'mem)ifl (a%O) %M%%%ons 1l ﬁe‘rg%%%g’t or and configured to store said
i nter pol ator si gnal said§iBound information includes a plufali}y 6f turasessor (52) coupl ed

)

to said nenory and configured to_process . sai d i nterpol at or
signal to deterni nesaif epsiclatorosignal includes eorrelatos sigral Gprrespapding to each of
said bursts;

said interpolator signal includes an interpolator signal corresponding to each
20 of said correlator signals;
\ said memory is configured to store said interpolator signals; and -
. said processor is configured to process said interpolator signals to determine
said position of said mobile station.
3. The base station of claim 2, wherein: -
25 said intefpola_tor is configured to low-pass-filter said interpolator signals; and
said processor is configured to process said interpolator signals by a
statistical technique to determine said position of said mobile station.
4. The base station of claim 2, wherein:
said interpolator is configured to low-pass-filter said interpolator signéls; and
30 said processor is configured to process said interpolator signals by an

averaging technique to determine said position of said mobile station.

—
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15 a nobile switching structure cou[“ed to said base stations and

configured to store sai d lmmﬁmn‘“ mlﬁ nobi |l e station over tinme and
to determ ne whet her to handof e station froma first base

stati on t oW® %8844p6d base stati oh. . The cel | ul arpdigbyglol7sef
claim5b5, wherein for each base station: 20 : sai d i nbound

i nformation ingludeq @uglay h&bvbha/foeﬁ)r&hulﬁg fitlligent cellular hand6f bfla GRibile! at or
signal includes a correlator signal corresponding to each of said

bursts; station, cogpiridingnt er pol at or signal includes an interpolator
signal correspondin 0_.eac orreIan S|gnals 25

said memory is conf g@iﬂ"%‘&y Ebgsg&pagogsal dl?ﬁs‘éftﬁg?‘h% d®einal s: and
said processor is conflg@&@d&»&b&m&&alr&dmx%&mhaﬁﬁmﬁm@m

determ ne said position of said nobile station. The
cel lul ar netdwor k of mobil¢ staton; \/\herel n for edch base station:

STonal o; and oS T SRR colid RESid e sﬁ%¥§%§°é°rée§4‘%

i nterpol ator signal $ai@Y¥ntdufd ﬁiféﬂ‘ﬂahﬁﬁhgamst ex;seefehrmﬁhﬁadda to@efdritene sai d
position of said nobile station. The cel | ul ar networ k of

claim6, wherein fo@@d&ﬁtm, station:

14 ter a co red t W sfllter
said interpolator signal @ B.?or led g’aﬁa'lf{]%)l"%xaé%rsﬂd gﬁ@gﬁ&l gured to

process saig i nt er paiterpolateSsailincdnteldiot sithabioSieAdrattthn mterpoldt@;cﬁ%p atue to
determ ne said position of said nobile station. he cel | ul ar

network of claimb5, wher&)smemory coupled to saichingerpelatior andsognfighreddo storesaidr e
is configured to det to handoff said nobil e station from
iipolior SUEHE i i

a first base statio se station based at least in part on a

mobi | e station position {¢ensocessotQouplddio saidtiemés! dndlconfifitbdy protdss edidi m
5, wherein: said base stations are configured to neasure

channel condition i mﬂelfpﬁiatqréwnalt°demweumhgapﬁwﬁm%Siaﬁ%rmt ion nore

of ten than sai d nobile ﬁ{e &nglnggtmcmreco edtosm an g??a{éa.gﬁmé'ﬁwl’g

structure i S conflgure m ne Wne er to
store said position of said mobile station over time and to determine whether to

handoff said mobile station from a first base station to a second base station.

6. Thé cellular network of claim 5, wherein for each base station:
said inbound information includes a plurality of bursts;
20 said correlator signal includes a correlator signal cdrresponding to each of
said BﬁrstS'
said interpolator signal mcludes an interpolator 31gnal corresponding to each
of said correlator signals;
said memory is configured to store said interpolator signals; and
25 said processor is conﬁgufed to process said interpolétor signals to determine
said position of said mobile station.
7. The cellular network of élaim 6, wherein for each base station:
 said interpolator is configured fo low-pass-filtér said interpolator signals; and
said processor is configured to process said interpolator signals by a
30 statistical technique to determine said position of said mobile station.
8. The cellular network of claim 6, wherein for each base station:

said interpolator is configured to low-pass-filter said interpolator signals; and

14
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nmobil e station froma first base station to a second base station based at
| east in part on 15 said chan i irm rmation. 11. The
celtular network of claimb5, muﬂmnlmmln l) sai d base stations are
conf i gur edwiomsse4esur e channel cbndititon™i nforhati on I epet/Asaai s d

i nbound i nformation nore often than said nobile station; and 20

sai d nobil e sw t chisai processiris eonifipueesdntd ippotestbaidinckepaiator signalbdy arr to

handof f said nobi l e station froma first base station to a second base
station based ayeragiigdtechninus io detgpmige said posifien phsaid mOpHs S8 -t j on trend and

sai d channel ndi tq | ' : ... A cellular network for
provi di ng int gﬁl i geni ce%ﬁf‘%ﬂgﬁ%‘gyﬁ %’fw%&%gbi | e station, 25 conprising:
a plurality of macrsaiteinbbilecswitchingtstmotnre it 8pnfigured to determine whetherrtelhandofpHf
m crocell base statjons (22), each mcrocgell base station inpcluydipg: .

(a) a recei Yersaidimpbilestad gaatafgrsy@gptggoq frbtssend bass staken g?ﬁeaﬁbi}g%évd

nobi | e stati on,, 86, a mobile station position tréhd, @ correlator (46) coupled to said
recei ver and Nt gure(? fo corP%ﬁ ate ) sai d i nbound information
agai nst expectHy i rThe calinlaonetworkjefelaint &, whereint el at or si gnal ;
(c) an interpalator (48) coupled to said correlator and configured.to

i nt er pol ate said ccﬁﬂ‘%"%?é‘?u %Wﬂ%“ﬁ@rf@r‘%&aé“r&ﬁg F%\S‘F%ﬂ“dgy%'ﬁn@“% ;

15 reéardinﬁ said inbodund iﬁﬂmﬁﬁﬁﬁﬁ@’oﬁeﬁ%&ﬁi@h@gﬂé Staiéi; Gnd .

i nterpol ator and cenfigured to store sail I nterpdl ator signal;
and 10 said mobile) switchingcstrusture is Sapfigurerh toodetérmimewhiethento hgndofti

configured to proce ) sai d i,nterpol at signal ,to determ ne a
posi tion of sa@éf’ﬁ’&gﬁ?émg‘f‘h{’?@rﬁﬁ'aﬁ egtanontofsemgf §is O‘émmﬁ?@“m
structure (26),6PuRL88 chinsitddldiiBg iofhitidaase stations and to sai d

m crocel | basepstat %%ng and con’f'ﬁ?gdreﬁhto store said position of said

nmobi |l e stationll. Theegllutar metvweomkl of daibhef ewhemin: whet her to handof f said

nmobi Il e station from o of rocell base statjon t0 a picrocell
base station and a ng%%éﬁa&mcéﬁ%%mmﬁam ch cngidiqn; in i at i on.

10 1315 rEgerdif saitl MboRA iMRTihafibn bt SRehdhan\Bfd Miobild %u&ﬁ%lhd base

station: sai d i nbound information includes a plurality of
bur st s; said; piobile switching structirgjisaionfigured: thedeterming whethemto handoffil
correspondi ng gacx)d gl%gﬁe (s)t];ﬁgna%rgm a first Ezlxjs[assﬁgbn to a second base station based at least in
part on a mobile station position trend and said channel condition information.
12. A cellular network for providing intelligent cellular handoff of a mobile
20 station, comprising: |
" “a plurality of macrocell base stations;
- aplurality of microcell base stations, each microcell base station including:
(a) a receiver configured to receive inbound information from said
mobile station;
25 (b) a correlator coupled to said receiver and configured to correlate
said inbound information against expected information to generate a
correlator signal;
. © an interpolator coupled.to said correlator and configured to
interpolate said correlator signal to generate an interpolator signal;
30 (d) a memory coupled to said interpolator and configured to store said
infefpolator signal; and
/
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15 sai d- i nterpol ator signal includes an interpolator signal

corresponding to each of i gnal s; sai d
menory is configured to store I“' Iﬂm “i] mﬂnm Si gnal s; and

sai d procege9gsiqas configured toxprocess rsaisd knter pol a or §J‘HJ{‘?9§’°7$?1

determ ne said position of said nmobile station.

cel lular network of cl ai id
said interpolator is con(?9 éﬁre% § &P W%g@ﬁ%ﬁgﬁ%@%@ﬁgm erp sssm
signal s; "and - mterpolatomgrﬂl mdmmapommﬁfsgldrmcbﬂemtmmcm sal d
I nt erpol ator signal s by. [ at i stical t echni que to det a| d
position of said nfbPP %i“””‘ Strygfure couplfgtosasemgcggplﬁ)g gﬁ‘@f’

claim 13, vvher%ie Pimi icrocell b stanon§§1‘\djﬁdgﬁ% #@tﬁ‘éﬁo&éﬁﬂx@ﬂoﬁﬁ%ﬂ*&ﬁé&f@mbﬁile

configured to m ne et her to sald station from
one of a nefr atation dvastmetand iodetermine whethcrdelhhndlﬁﬁmd;mbﬂ@stam&am one
m crocell base station.to a nmacrocel] ﬁ%astatlon ased at beast in art

on a nobile stft3 BACTSEF baﬁ%%?‘?’btﬂat?‘ se statiopgand a mICpacell

for providing | ph&lbdiDeak safbi.ul ar handof f of a mobile station,
conpri si ng: a plurality of macrocell base stations (18);
16 13.  The celiulaf uctwbrltqf ajdimnlZ; rwheedih fduaaaeh basatsiatios: (22)

configured to recel ve, J hbo rmat.i o sald nobi |l e station;
and B‘é ’@\RPP&‘HW@‘ @3?8&@185?‘ ffﬁ'l ed to said
macrocel | fhgse st atmrﬂ%ﬂs@gnax includéd EorfelfbPs ghah cBﬁ‘és%Pﬁe&a% Ak koBhRd

configured to store information associated wth I onship
bet ween sai d nsaid bwstst ation with a specific microcell base station over

time and to det whet h o, handof f bil e st tlonfromone
bt ™5 macrocel | b o kGl S incl el 2 ritrpoRiy SieBiorEnind fedo gt

m crocel | basegSdaff édfeidtér sq%ﬂmcrocel | base stati on. 17. The
cellular network of claim 16, wherein: 10 -said nobile swtching

structure is confi gmémemrmmmﬁglmd tnfs@qrhemdtmtemm:‘fﬂgmb; and mobi | e
one of a, nacrocell se tatlon to, a rocel | station

f
ol R om TrqE one Ol sty BREESGSS Yo et o Syt beOF Sepals B Gudilring

| east in part ﬁugom dfSsafil AbBiR btation. POSi tion trend. 15 18. The

cellular network of claim 16, wherein:
14. The cellular network of claim 13, wherein for each base station:

said interpolator is configured to low-pass-filter said interpolator signals; and
said processor is configured to process said interpolator signals by a
20 statistical technique to determine said position of said mobile station.
15. The cellular network of claim 13, wherein:

, said mobile switching structure is configured to determine whether to handoff
said mobile station from one of a macrocell base station to a microcell base station
and a microcell base station to a macrocell base station based at least in part on a°

25 mobile station position trend.
16. A cellular network for providing intelligent cellular handoff of a mobile
station, comprising:
a plurality of macrocell base stations;
a plurality of microcell base stations configured to receive inbound
30 information from said mobile station; and
- a mobile switching structure coupled to said macrocell base stations and to

said microcell base stations and configured to store information associated with the
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sai d base stations are confi ngd’Tﬁ"fr"éMnnel condition information
regardi ng said i nbound infor ' han said nobile station; and
sard nobile switching struct m;“ Hm:lmﬁmmul o determi ne whether to
handof f swighksrs4426 nobil e stati on faom ome df a nacrocel | basgusdsdizen to a
m crocell base station and a 20 mcrocell base station to a nmacrocell base
station based . theh ’“ﬁ? i kg ; 1 bas statih@vert i on.
19. The cel Ir%%tédrn%n tbwor Hg?hcﬁl%]%&mg{%%pﬁlﬁqmﬁmn sai d base
stations are eiamfangUto detetminsadether tahendoff] saidonobile sationfram eae oba 25

regardi ng said i nboynd infornmatian often than said bi | Lon; and
sai d mobi | e swackaeel base satiop 0 2 W@%gﬁéﬁanﬂga&‘8¥%ﬁa%s§@§?5 o
handof f said .. Rl kefs tion fromone of a nmacrocell base station to a
m crocell base station and a m crocell base station to a macrocell

base stati g WFsed The celdart networkaftclam k6, wdierdine st at i on position trend

and sai d channel conditi.on i nformati on. .30 0. A. met
communi cati ng bet rgobélgggltgﬁigg FEHCtURRdS &0 tofeiFrmgly %ﬂegﬁggé handoff

det ermi ni ng asHi‘&Z;h&ﬁi tétfon TAIrR oROBE & Frablodbll Bike sEABR i & nfiGrotélBbast SREONT |
recei ving i nbound 1nformation fromsaid nobile station;

17 and a microcel} basecstation g agedctocel basenstationr hasedoatileast ingparhen a
expected informatjon .to generate a correl ator signal;

i nterpol ating ® ‘iﬁ’ Wﬁg‘ﬁ@? Er§f-“§nal to generate an interpolator signal;
storing saig iy er pRlealeMilaShaWatk ofididm 6, wherein:  Processing said

i nterpolator signal to determne a position of said nobile station,

21.  The method ofsaid baiserstaonswareconfigured to measure channeb¢anditiopgnfegmation
information includes a. plurality of.bursts:. . . Ed. relating
step is perforrﬁﬁ%}%’d‘ﬁ saigriphaquad information mpredfien %‘rsﬂ%m?gll%%%‘g‘at%g&a 10
plurality of correl obile¥aiching structure is configu¥éd fb dedrfiinOWwhéthérdo handoff S
performed by interpolating each of said correlator signals - to generate
a plurality ofsaidnebitoitationrfrem gneiof a macrocell base statiogdp g miceacelh fasesiasiops

per f or med staoring sai,d interpaol ator siagnals; . '
processi ng?gt diam eﬁ“fct}g’ﬂﬁeds‘%fonpt?&w%ﬁ? ga%d%ars%%?tal{e%srt I%Pa&]g?éﬁ (tio 15
det er mi ne sai doaad idbAMitiN infetnthtiRbi | e stati on.

19.  The cellular network ofclaim 16, wherein:

said base stations are configured to measure channel condition information
regarding said inbound information more often than said mobile station; and
20 ~ said mobile switching structure is configured to determine whether to handoff
said ﬁfobile station from one of a macrocell base station to a microcell base station
and 3 fn,icrocell base station to a macrocell base station based at least in part on a
mobile station position trend and said channel condition information.
20. A method of communicating between a base station and a mobile station and
25 for determining a position of said mobile station, comprising the steps of:
receiving inbound information from said mobile station;
correlating said inbound information against expected information to generate
a correlator signal; '
interpolating said correlator signal to generate an interpolator signal;
30 storing said interpolator signal; and
processing said interpolator signal to determine a position of said mobile

station.
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22. The net hod of claim21, wherein: ~ said interpolating step
i ncludes the step of |ow pass-fi ﬁmm \r\mr pol at or signal s; and
20 sai d processing ste ‘mm ep of processing said- .

i nt er pol atwo ogisgrgl s by a stati st |‘cal technique to dew d
positiaon of said nobile station. The method o ﬁ%o%b

wher ei n: ' .step includes the step of

| ow pass fil te? ng &e%g{hg?é)?%ﬁf&? %b%gl signal s; and sai d
processing step i ncididip®osntkinférmation mmeesplmfaxtfafdursm erpol ator signals
by an averagi ng . techm gue to determ ne said position .of said nobile
station. 24, said o WWMSMW@IWC%@!%EI@W%@@WERM ity of

base stations q g !lﬁ structure coupled to said base
stations for | Eg’m %?I gen\f%lég%baﬁa handof f of a nobile
station armrjg sal d bad interpeltingstep ixqeploredBy intepolhexipSeadh of said correlator  f or

each base station, E’f erform ng the steps including: -(a)
recei vi ng i nboSigBRI$ ¥ ZAngEats B Rlurality PE IteTPolator signalfiat i on:

18 ﬁ)rf ls t| on
agai nst expected mfacl)? %tg?n%steptls( O%E&E&%hﬂgs%géra{pg a c refa or si gnal ;

(c) interpolating smwlpméssﬁdgateprls peforntedtby ocessing mdiimerpbhtqmigamno

si gnal ; % storing said interpolator signal; and 5
(e) processi ngdetameine said ppsition of said meRMe staticet er ni ne a position of said

nobi | e st at |Oon 2and The me]'h°8 ofclmmfz‘irwﬁéxleﬂx nobil e swtching structure,
performngthe s'teps I NC (a) storing said

posi tion of said nokdid mtapelnnmstep'mclddwm;e stepabf low-pass-filtering said interpoldtén)
determ ni ng whether to handoff said nobile station froma first base 10

station to a s88BHE Mse station. 25. - The method of clai m 24,
ol udes a phural i ¢3oaPIEisER step includes the siep SF Gt SAPUI BRI et
perforned by. cbylaeshmlsmagteehmm@fo detdrchineusaiit position pf neid anabile stffionpl ural ity of
correl ator l%l 93?' > The method of claim 21, wherein:
said interpolating step includes the step of low-pass-filtering said interpolator
signals; and

said processing step includes the step of processing said interpolator signals

by an averaging technique to determine said position of said mobile station.

20 24. A method in a cellular network having a plurality of base stations and a
mobilé switching structure coupled to said base stations for providing intelligent
cellular-handoff of a mobile station among said base stations, comprising the steps
of: | '

for each base station, performing the steps including:

25 (a) receiving inbound infomaﬁon from said mobile station;

(b) correlating said inbound infomaﬁon against expected information
to generate a correlator signal;

(c) interpolating said correlator sigﬂal to generate an interpolator -
signai;

30 storing said interpolator signal; and

| (d) processing said interpolator signal to determine a position of said

mobile station; and
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said interpolating step is perfornmed by inter olatlng each of said

correl ator signals to gen m‘mm ﬁL‘l I nt erpol ator signals;
said stofing step is performadﬂlm | nterpol ator signals; and
sai d procedQp¥3426ep i s performeéd By protessing said inter pmslelmal S
to 20 determ ne said position of said nobile station. 26. The
met hod of cl ai m 25, fornsaid @obilé switeking stoadwre spexfarming the steps including:sai d

interpolating_stepinclu s the e ass-filtering,.said
i nt er pol at or si gnal@ %ﬁp&m"“" ‘Q ﬁ‘l g §m& and i nel udes

the step of processing s(s) detemlﬁrngqu t&hﬂiaahssaiaymabﬂe stano?xtﬁ&m%tﬁxﬁ@|
technique to determnre said position of said nobile station.

The net hod of cl ai nbads statibretocs mbnﬁb@achnm.se station: sal d

i nt erpol ating ep Jl.ncl ude f o filtering said

i nt er pol at og 3€§ ‘\h&w @"38% ywherein °"g"§f?‘3’ YR ng step i ncl udes
the step of processsaiwxnsamfammrﬁﬁeﬁkﬁicﬁ{dessaﬁm?dlﬁyb‘i'b&@ts ~ ‘averaging
technique to determne said position of said nobile station. 28.

The net hod of cl ai nsailicorpdlasingistepfis pefeimedrhybiorrelating ieach ofgsaist bursts o e:
19 et er.m ni.l ngq_lstep Is perforned based at |east in

‘part on a nobigeé‘eﬁt%?PB@"ty°9°%§l?tf’ Fend 29.  The nethod of
claim 24, wherein: g8 interpolating §t€51s51ﬁh€n9§§® ikedpbifting Sdh &f s8dbMeRbrst ep

i ncl udes the st ep of maasurl ng channel condition information regarding
sai d i nbourld i sigmaistot genpratery plutdlity of inkexpolater signalési | e st at | on and

for said nmobile svm'tcin st.ruct ur d detern,ni.n orrred
based at | east S4%HS ﬂraq Stﬁwss%rﬁ*@ﬁ‘ghﬁétp B%ﬁﬂfit"?tﬁ‘%ofa&ﬂr%?

30. The nmethod of sad ﬁio%sgﬁ‘lg s%ﬁl!s ?é ermed by processing sii@int&?bﬁt&%%aﬁttat I on,
e

sai d receiving step includes th p_of neasuring chan condi tion
i nf ormation regmmmgsamp@smmb@ﬁmm mabidg statidnon nore often than sai d nobile

St g B PG i s
said interpolating step includes the step of low-pass-filtering said interpolator
signals; and
said processing step includes the step of processing said interpolator signals
by a statistical technique to determine said position of said mobile station.
27. The method of claim 25, wherein for each base station:
20 said interpolating step includes the step of low-pass-filtering said interpolator
signals; and .
' said processing step includes the step of processing said interpolator signals
by an averaging technique to determine said position of said mobile station.
28.  The method of claim 24, wherein for.said mobile switching structure:
25 said determining step is performed based at least in part on a mobile station
position trend. '
29. The method of claim 24, wherein:
for said base station, said receiving stép includes the step of measuring
channel condition information regarding said inbound information more often than
30 said mobile smtxon, and
for said mobile switching structure, said determining step is performed based

at least in part on said channel condition information.
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| east in part on a rmbl ] e stat i on trend and sai d channel condition .
i nformati on. M‘m iluﬁﬁ IIuI ar network having a plurality ... -
of macrocell base stat i on ty of nicrocell base stations and
a nobinceesmaidec hi Ng structure coupl ed to said 20 nmacr@aepukesasw Stations
and said mcrocell base stations for providing intelligent cellular
handof f o0fg a m{gh&hsaafb@ﬁnmgb@wd macr.ocel | base stations and said
m crocel | base stations, conprising the steps of: - for
each i crocel | fopaaid baseestation, sq%refcewnﬁgrﬁgeptmdudqsabs step of measuging

(5) corr efapl sORHAS ot s, B ot o Mok Bref Bt s on 10

generate ﬁldzglbbﬁéghﬁﬁn shgnal ; (c) interpolating said
correlator signal to generate an interpolator signal;

(d) stbri ng s ofo said |Switehing Staure, spididetermining step is performed based
pro?‘?ss' M F“‘ aﬁg&{ E%lo%h%mﬁwﬁ&méno dal.gr %ﬁ%g&:@?ﬁ&&d:@ of said 30

nobi I'e st I Ng structure,

per f or m n@fdhfatish.eps i ncl udi ng: (a) storing said
position of said nobile station over time; and

20 31. A method in a cellular newwgrk hesting aphiraliy Wf srarmcel Bas#HORY. sai d

nobi | e stat 0 a
mcrocel |2 g‘?@ '&t gm “grg&alm St?nu%nrsoagg ™ bélé’e%’g%g‘?' stru 91% oﬁbﬁﬁ tg&u

nmacr oqel | maéreeelbbak isations and&ald midrocell bhe smioh@ﬁxrqj‘roﬁﬂmgrihtamgewmer ein for .
each mcrocell base statio sai d i nbound i nformati on i ncl udes

a pl ural i estlular hgpdoff of a mobile station among:said wasrpeglbbase gatensand$aider f or ned by
correl ati te a plurality of correlator
si gnal s; %rg&ﬂ%a% Stié‘Bsrfa%r gbmﬁﬁnr%ﬁfa ﬁé@st ep is performed by interpolating™

each of said cforfeattoinivrocildasd satida, pérforging tidtstepd igdluding:i t'y of interpol ator
signals; - sai d storing step is_perforned by storing said
i nterpol ator si gnal &) reggtyIng inbound informatioy; fgorp saidaBeYLleFta0BY i s perforned by

processi ng sai d int g Rglahes Si@MMBbtnd iRformatiof Sl bAecRa iffoRfifid' On Of

said nbbile station:
to generate a correlator signal;

(c) interpolating said correlator signal to generate an interpolator
signal§ ' |
storing said interpolator signal; and
20 (d) processing said interpolator signal to determine a position of said
mobile station; and
for said mobile switching structure, performing the steps including:

(a) storing said position of said mobile station over time; and

' (b) determining whether to handoff said mobile station from one of a
25 macrocell base station to a micrqcéll basé station and a microcell base station
toa macrot:ell base station.
32.  The method of claim 31, wherein for each micrdcell base station:
‘said inbound information includes a plurality of bursts;
. said correlating step is performed by correlating each of said bursts to
30 generate a plurality of correlator signals;
said interpolating step is performed by interpolating each of said correlator
signals to generate a plurality of interpolator signals;
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15 33. The met hod of claim3 1\ each base station:

said interpolating step incl u ‘““W“Q“M\‘ ow pass-filtering said

i nt er pol at Qg og/3442651 9nal s; an s 8aid processi ng st e | ncI udes
the step of processing said int erpol at or signals by a

technique to determ ne said position of said nobi]le stati on 34

The method of cl ai FRIGBtONNE:SER s Pedproed by sionng wikiptarpelaigy s’gf‘?l&cﬁ’@r e:

Station - pogi i PR Ariechffe QPR pAGERE B pickfning Rl sERE o

having a pl ur&ietelrmmfsalmmsmldfsmasmmleamoms a plurality- of
m crocel |l base stations and e SW t tructure coupled to said
macr ocel | bas@%tatmﬁﬁetﬂ?ﬂﬁé%l 4,WhsEein fo ‘lf&g'égéileéﬁ U9As for providing

tell t |1 I [
Ibgsg sltgtelnongeang sal d‘ trﬁr%d?%{é‘g%g 1Hf:lu&esrﬂ?é’§é{t?oﬁfo@}gﬁgconpr?&ﬁﬁg tlﬁa Rggs

of : 30 signafspandach m crocel|l base station, performng the steps

i ncl udi ng: ecei ving i nbound i.nf or ion, fromsaid
mobi | e station; anchid processing step “f%‘?‘{ iprecessing s34 Hljerg&ta%?étstﬁ“éls
performng th i to d f sai ;18 k@fbmd

i nf ormati on ago o%%g?sgéﬂv% c{iﬁeorgﬁeggtulngﬁasl %’% g/esearlld g‘gbg sl

nmobi | e st ati orB4wi t H'te method 6f claim Bz,oahﬂremtfasmdsmb'lmwmmg struetyre:and
21 in et her to handaqf f sald
nobi | e stattPon frorRifdetermining S&P Q‘ GLIERT 1p Rart o3 mo I‘F

m crocel | basgp(,g%@ and a mcrocell base station to a

macr ocel | bas ti on 5 36. The met hod of claim 35, wherein for
sai d nobi | e sv@5.chi Agnethodintacednlar network having a plaralitylef sacionéthbasetsztions

perfornmed based at ] ea rt on.a nohile stat ition trend.
37.  The net hBlumit EPgFH‘ﬁfS‘? %ﬁ%l‘%‘l‘ws a3 a mobile s“’“"ﬁ&ﬁ S%‘thf e&t‘%ﬁ“@m
sai d recei vi ngmaérg&lwlﬁwﬂﬁénstﬁa sHdSRicRIcelBARYHbHs fdlfap?@ﬁ in mtell gedi tion

information regar sal d 1 nbound i nfornati on nore o an salc nobi | e
station; adf cellular handoff off pmobilé stammtnmmggmdtmanm@pllshalsmmmrs,andam

determ ni ng ste erforned based. | east in part on said channel
condi ti on ?nf o?‘?ﬁi BEP tions, compnsmg the steps oft P

for each m1croce1] base station, performing the steps including:
(a) receiving inbound information from said mobile station; and
for said mobile switching structure, performing the steps including:
20 : (a) storing information associated with the relationship between said
mobile station with a specific microcell base station over time; and
_ (b) determining .whether to handoff said mobile staﬁon from one of a
rt;acrocell base station to a microcell base station and a microcell base station
to 2 macrocell base station.
25 36. The method of claim 35, wherein for said mobile switching structure:
said determining step is performed based at least in part on a mobile station
position trend.
37.  The method of claim 35, wherein:
for said base station, said receiving step includes the step of measuring
30 channel condition information regarding said inbound information more often than

said mobile station; and
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§8 The met hod of claim 35, wherein: for said base station,
‘sai d receiving step..incl udesrlﬂ“ﬂlﬁ Iﬂllmmmtrl ng channel condi tion
i nformation regarding said i g nore often than said nobile
station; aM 3834426 for said fobl'l €° swit chi ng struct UPET/USIB/H 759
determ ning step is perfornmed based at | east in part on a nobile

station position tfendidobikaswitchingrattuge) 84l idefminii{gosteppisiperformed based
22 at least in part on said channel condition information.
38.  The method of claim 35, wherein:
for said base station, said receiving step includes the step of measuring
5 channel condition information regarding said inbound information more often than
said mobile station; and
for said mobile switching structure, said determining step is performed based
at least in part on a mobile station position trend and said channel condition

information.
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