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Field of the Invention The present invention relates toﬁéﬁ’g’]ﬁ&?ﬁ 0
comuni caVPAY1¥&Yi ces in geéneral, and to a system and i
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I nterfereace, increased capacity and inproved security of conmmunication

through the use of encryption. 20 In transmtting an information signal in
ei t her diredkikipldefdhednventigfini cati on channel, the information signal is
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signal in S@mmﬁa&ﬁ@ndhe spectrum of the resulting 25 nodul at ed
carrier ilﬁ confined within the channel bandw dth. At the recipient
| ocation“the original nessage signal is replicated froma version of the
nodul at ed céalilr iDescriptienved subsequent to propagation over the channel. Such

replication is g ﬂ'ld:ﬂca%ﬂisg%tgﬂ?%vgﬁie&g d@@elb@%{s%g a $wtt¥§|sgg%}lf+ﬁ& on

process enpl oye urrng ness ransm ssion. ul"ation I tates
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a comon chagfglribd1ddaBbiX CHofH HHMBECALA Qﬁﬁt%’ﬁkﬁﬁ@dsﬂﬁ%& Yekit hded tsle a
pIurallt){ of renote subscriber units-or nmobrie |
5 transmit these information signals over communication channels linking the

base station and user locations. Digital methods tend to afford several

" advantages relative to analog techniques, including for example, improved
immunity to channel noise and interference, increased capacity and improved
security of communication through the use of encryption.

20 In transmitting an information signal in either direction over a
communication channel, the information signal is first converted into a form
suitable for efficient transmission over the channel. Conversion, or modulation,
of the information signal involves varying a parameter of a carrier wave on the
basis of the information signal in such a way that the spectrum of the resulting

25 modulated carrier is confined within the channel bandwidth. At the recipient
location the original message signal is replicated from a version of the
modulated carrier received subsequent to propagation over the channel. Such
replication is generally achieved by using an inverse of the modulation process
employed during message transmission.

30 Modulation facilitates multiplexing, i.e., the simultaneous transmission
of several signals over a common channel. Multiplexed communication
systems generally include a plurality of remote subscriber units or mobile
stations requiring intermittent service rather than continuous access to the
communication channel. Systems designed to enable communication with a



stations requiring intermttent service rather than continuous access to
the communication channel. Systens designed to enable comunication with a
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phenomenon i dhaviriged trefsceivensomntutli¢ate tirough satellite repeaters or terrestrial base

stations using CDMA spread spectrum communication signals. CDMA

20 modulation in turn allows the frequency spectrum dedicated to cellular
telephony to be reused multiple times, resulting in a significant increase in
system user capacity. In fact, the same frequency band is used in each cell or
sector of a cell within the cellular geographic serving area (CGSA) of the CDMA
system. Thus, the use of CDMA results in a much higher spectral efficiency

25 than can be achieved using other multiple access techniques.

In a wireless communications channel, the presence of obstacles in the
environment such as buildings, trees, mountains, cars and the like often results
in the reflection of wireless communications signals transmitted by either
mobile or base stations. This phenomenon is referred to as a multipath

30 propagation environment because any particular wireless communications
receiver (such as a mobile station) may receive a plurality of signals
corresponding to a single signal transmitted by a particular wireless
communications transmitter (such as one or more base stations), each of the

plurality of received signals having traveled a different path to the receiver.



30 propagation environment because any particular wreless comunications
receiver (such as a nobile station) may receive a plurality of signals
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| ndependent  teas¥de @adh dmiAHPAH 2igral Gpitdlly E:H%e independent fading
20 characteristics and may be exploited w1thout regard to the signals arriving via.
other pa’ths A recelver design allowing one to explmt these multipath signals is
described in U.S. Patent No. 5,109,390 entitled "D1vers1ty Receiver in a CDMA
Cellular Telephone System, assigned to the assignee of the present invention

and incorporated herein by reference. Provided th_e phase offset (i.e., the arrival

25 time) of the mul_t_ipéth signals is 1 us or more, the diversity receiver design
referred to above 'allows independent tracking and demodulation of the diverse
signals. Once demodulated the signals may then be used independently or

combined to form composite signals. _

An exemplary cellular system is dep1cted in FIG. 1. Such systems

30 generally include a, plurality of mobile stations 10 a plurality of base stations

12, a base station gontroller (BSC) 14, and a mob;.le switching center (MSC) 16.

The MSC 16 is Configured to interface with a' conventional public switch
telephone network (PSTN) 18. The MSC 16 is also configured to interface with

the BSC 14. The BSC 14 is coupled to each base statlon 12. The base stations 12

A1
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mobil e stations 10, a plurality of base stations* 12, a base station
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20 transmitters and receivers.

For each cell within the system there are two links consisting of the
forward and reverse links. During typical operation the base stations 12 receive
sets of reverse link signals from some or all of the mobile stations 10. The
mobile stations 10 are conducting telephone calls or other communications.

25  Bach reverse link signal received by a given base station 12 is processed within
that base station 12. The resulting data is forwarded to the BSC 14. The BSC 14
provides call resource allocation and mobility management functionality,
including the orchestration of soft handoffs between base stations 12. The BSC
14 also routes the received data to the MSC 16, which provides additional

30 routing services for interface with the PSTN 18. Similarly, the PSTN 18
interfaces with the MSC 16 and the MSC 16 interfaces with the BSC 14, which in

turn controls the forward link signals from the base stations 12 to the mobile
stations 10.



nmobi | e stations 10 are conducting tel ephone calls or other communications.
25 Each reverse link signal received by a given base station 12 is
processedweolmorer t hat base station 12. The resul ting daPGIVRMar ded to
the BSC 14. The BSC 14 provides call resource allocation and nobility
managenment functionality, including thé orchestration of soft handoffs
bet ween base stations 12. The BSC 14 also routes the received data to the
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by a quadrature palr (i.e., in-phase and quadrature-phase) of pilot PN
sequences in order to transmit them by Quadrature Phase Shift Keying (QPSK)
20 waveform.
The code channels comprising the forward CDMA channel consist of the
pilot channel, syn_ch channel, paging channel, a number of forward traffic .
channels. A typical forward CDMA channel consists of 64 code channels in
total, one pilot channel, one synch channel, seven paging channels, and 55
25 forward traffic eliannels The synch channel is assigned to the code channel
number 32 (W5,) Wthh transports synchromzatlon messages to mobile stations
10 from base statrons 12. Mobile stations 10 use the 'synch channel, which is an
encoded, mterleaved spread and modulated spread spectrum signal, to acquire
initial time synchromzatmn The paging channels also are encoded,
30 interleaved, spread and modulated spread spectrum signals, and are typically
assigned to code channel numbers one through seven (W, - W;) in sequence.
Control mformatlon and paging messages are transrmtted by base stations 12 to
mobile stations 10 on the paging channels. The forward traffic channels are
used for the transmission of user and srgna].mg traf_f1c from base stations 12 to a

[



pil ot channel, synch channel, paging channel, a nunber of forward traffic
channels. A typical forward CDVA- .¢hannel -consi sts of 64 code channels in
total, ondQ@oVi2ichannel, one synch channel , seven pagi necriisswese, and 55
25 forward traffic channel s.. The synch channel i's-assigned to the code
channel nunber 32 (WB2) V\/mch transporté synchroni zati on nessages to
nobile stations 10 from base stations 12. I\/bblle statlons 10 use t he.
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During traffic channel processing the base station uses the forward and reverse

20 CDMA traffic channels to communicate with a mobile station that is in the

mobile station control on the traffic channel state. During access channel
 processing the base station monitors the access channel to receive messages
which the mobile station sends while in the mobile station is in the system
access state. During paging channel processing the base station transmits
25 messages on a paging channel being monitored by a mobile station in the
mobile station access state or the mobile station idle state. Information sent by a
base station to a mobile station on a paging channel includes overhead
information, which is information needed for the mobile to operate with the
base, and direction information, which is an instruction for the mobile to
30 perform some operation. Overhead information is sent via access parameters
messages, CDMA channel list messages, system parameters messages, and
neighbor list messages. Direction information is sent via a number of different
message types including, by way of example only, base station
acknowledgement orders, channel assignment messages, registration request



processing the base station transmts the pilot signal on the pilot
channel. During traffic channel processing the base station uses the
forward anbeieease 20 CDVA traffic channels to comuni cRERUSIPRIME nobil e
station that is in the nobile station control on'the traffic channel
state. During access channel processing the base station nonitors the

access channel to receive messages which the mobile station sends while in
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the base stthé mbﬂerstaﬁm aommcdtammﬂ( e ban gstatben viss theefgaged ahdom t he

base These messagﬁmr W station on the pagl ng channel to which it is

assi gned. afaveree e nobil e station in various substates of the
system access In the mobile station idle state, the mobile station monitors the paging

channel to which 1t is assigned. While in this state the mobile can receive
20 messages, recelve an incoming call (i.e., termmated call), initiate a call (i.e.,
originated call), uuhate a registration or initiate a ineSSage transmission. Upon
entering the mob_ile ‘station idle state the mobil__efs'ets its code channel, the
paging channel déta:fate and engages in paging channel supervision. The exact
. nature of the pagmg channel supervision will depend on whether the mobile is
25 operating in the slotted or nonslotted mode. When operating in the nonslotted
mode, the mobile. momtors its paging channel at all times. The mobile resets a
timer to Ty seconds whenever it receives a vahd message on the paging
channel. T;y, is the max1mum time allowed by the system to receive a valid
paging channel message If the timer expires before a valid message is received,
30 the mobile station: dee_lares a loss of the paging channel.

If the moﬁile ' Station is operating in the .§16ttéd mode of the mobile
station idle state, 1t w111 set a timer for Ty seconds at the start of the first slot
during which the mob11e monitors the paging channel In a CDMA system the
paging channel is d}vlded into 80 ms slots, and mo.bl_le stations operating in the

on transm.ts 25 nessa channel being
af the mpbile stpfign isgeqnito gsaﬁ}eonaae eiieng? r the
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state, including the nobile station order/rressage response substate and the
15 page response substate. In the ,mobile station control on the traffic
channel sWQ@M9BE nobile station comunicatés with the bBREEFUSWRNNBn via the
forward and reverse CDVA channels. In the nobile .station idle state, the
nobi | e station nmonitors the paging charfhel to which. it. is assigned.
Wiile in this state the nobile can recei ve 20 messages, receive an
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in the sl ott sw@tioodwildbfentdretheodyistean dﬁtenmmatmdl substate @f the miobile s¢ation t i ner

for T30l 19 SEEANESRN stdtéw ?61@?&%043'&%%%%&;% jng which the nobile

nonitors the pagl ng channe agrng channel is
di vi ded into 80 nﬁienamobdﬁatangnlxsmﬂteanpr&s@pen lﬁrsgatenndmomtormgl WO

01/19121 PCT. M&%@ %%Qméi fot ah *%‘ﬂcdm ﬁx&ag w/mr&sm ARG %

channel 4d ng onhl ne or tvvo slots Cycle; The npbile station
di sabl es t he “BTRRY basgrftptigarand, fewarss Jhe coyerage giracef ' anathey; basesbation ¢ior

power conser ¥aitbiodf ¥dairérit Hase BRAtioRD 'Whenh 'ﬂlﬁg dc&@:s thel uﬁﬂty%ﬂh@%celﬁlﬁ
nobi |l e wi then , reset_the timer for, Tom" aieﬁn S V\he%fﬁ {j
message i & r SEDpldrom the qurrpnihasg station,wpically deterjoratos e hat
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station

handoff procedures). In present wireless communications systems, when a

20 mobile station detects and determines that it is receiving a pilot signal from a
base station other than its current base station and that signal is sufficiently
stronger than the pilot signal of its current base station (typically referred to as
the active pilot signal), the mobile station will initiate an idle handoff to the new
base station. Variations in the received signal strength of the pilot signals may

25 and often do however, occur for reasons other than movement of the mobile
station significantly further from its current base station towards another base
station. For instance, slight variations in the position of the mobile can result in
significant changes in the multipath propagation environment. When this
occurs an unnecessary and unwanted idle handoff may be initiated if the

30 received signal strength of the active pilot drops quickly to a small value
relative to another pilot being tracked by the mobile due to severe fading
conditions. The situation is often exacerbated when the mobile initiates yet
another idle handoff back to the original base station once the severe fading
conditions subside.
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10 initialization state upon declaring a loss of its paging channel. Wen a
nobile station is in the nobile station idle state and nonitoring the

pagi ng chawoel/idieyr any i nconmi ng nessages, it may travel freTwisew20d200mits
current base station and towards the coverage area of another base station
or sector of its current base station. $hen this occurs the quality of the
received 15 signals fromthe current base stati on typi cally deteriorates

whi l'e the qualitycpe sifi€d i 4Rk \drf cih $hélefore” ﬁ@ggchg%ggxtqa%
er eror

station or sector | pr oves. Provi st ons have t een nm
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strength o ot signa an cur
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fromits curnepastingevatiativhe in theveeadivednsigiul's of ithé ipilot chaxinel$ iy ance,
sl i ght Va?patlo‘ﬁlﬁsﬁl n the pgsition of the nobile can result in sighificant

changes i ti path propagation environnent. Wien this occurs an
unnecessary and unwanted:i-dl e handoff may be initiated if the 30 received

signal strength of the actjve pilot miﬁnkl y to a snmall val ue

relative to another pilot being tra e nobile due to severe fading
condi tions. The silhu@treseﬁt i:ﬁreﬁﬁbﬁﬁs directed b@h&?st&hﬁﬁhd eethod forcinitiitingat es
yet anot her ﬁl e af} 3 ’? t the or.i gi.nal _hase tationteonc t he severe
{ading  conditiedradated i mobie stafogsiy TFSystegy Wi |l ed
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first time and the: fourth sample occurring at the second time, it is determined
20 whether the sum of. the difference between the total strengths of the second and
fourth samples"ehd a position-weighting term is less than a first design
parameter, and an idle handoff of said mobile station from said first base
station to said sEeond base station is initiated if the sum is less than the first
design parameter. B 3
‘25 o . : _
BRIEF DESCRIPTION OF THE DRAWINGS
The featu'feé, objects and advantages of ‘the present invention will
become more apfarent from the detailed descriptioh set forth below when take
in conjunction w1th the drawings, in which like reference characters identify
30 correspondmgly throughout and wherein:
FIG.1isa dt_agram of an exemplary cellular system.
FIGS. 2A and 2B illustrate how the decision whether to initiate an idle
handoff in a wirel'_'élss communications system may be effected by the invention.
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battery or other power source, systemresources are taxed and the
likelihood of failing to receive nmessages . addressed to it increases.
Hence, soweemsms of preventing unwanted and unnecessarpcruses20mndof f s
from being perforned due to passing variations:in:ithe received signal
strength of the pil ot channels is 10 naeded. SUNIVARY The present
invention is directed to a systemand nethod for initiating idle handoff

of a nobile statio in 15 first
and second sanpl esngmmgl[gﬁ$% naﬁaﬁﬁmﬁeﬁgﬂ t base station
are obtained, the first. sanple BMBODIMENTS first tine and the second
sanpl e occurrl n at a second tinme, third and fourth sanples of a second

pi | ot signal erauee Apid vetigtions indthe multipatihpropagetien ene@onmeRt € r d
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parameter:’ gigobifuhafinEnICHS dorEH Gfdtml%&we&iﬁs'ﬁﬁe?réseﬁ{ ufveﬁnoﬁbs fiet s and
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dr awi ngs, 10 nimplerhentel ewithionit cihecexdraisa cofe ivdrdirmt ifét;ultyB&l Gﬁfyr mpaash ngl y

System A cacomiEiE o srstety vdneft RATHEO SR ePE PR IRe Dl ARRAMIET L At e an

i dl e handof Hesanipdioniof ¢heprefervethembedinent follopes. em nmay be effect ed by the

I nvention. WO 01/ | |62 P
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propagat i on eemiimunusinmardters theygignal sirengtiy of iye active mhn@@fdfss:amhee der ent

wirel ess pPMEBE ARlnn@l\SgiMS H® other base stations in the vicinity of the mobile while

operating in the nonslotted mode. .'I'he same is true while operating in the

slotted mode, with the mbnitoring and searching limited to the appropriate

paging channel slots for that particular mobile. Like other channels in a CDMA

system, pilot channels are identified by their phase or time offsets relative to the

20 zero offset PN sequence. The pilot channel search parameters are therefore

expressed in terms of time offsets, and are divided into three sets. The active

set is comprised of the pilot offset of the forward CDMA channel whose paging

channel the mobile is currently monitoring for messages. The neighbor set is

comprised of the pilot offsets for the pilot channels of neighboring base stations

25 that are likely candidates for an idle handoff. The members of the neighbor set

are specified in inességes such as the neighbor list message periodically

received by the mobile on the paging channel. The third set is the remaining

set, which is comprised of all the possible pilot offsets in the current CDMA

frequency assignment but excluding the members of the active and neighbor

30 sets. The mobile station typically supports a neighbor set of at least 20 pilot
offsets in size.

The base station also specifies, in addition to the pilot offsets, search

windows for each of the pilot sets. In other words, the base station specifies a

range of PN offsets or a window in which the mobile station is to search for the



5 the present invention provides for an inproved nethod and system for .
deci ding whether to initiate an idle handoff. In a preferred enmbodi ment of L
the invemoans2rihis is achieved through the use of a pRAIHUSN20R ght ed

i dl e handoff algorithmin an 1S-95 configured CDVA system The present ‘
invention is not however limted to | StB5 configured or even CDVA systens,

but may be 10 inplemented wi t hout the exercise of inventive faculty in any
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and nei ghbor 30 sets e nobi | on t E’I—oé%ﬁ S‘EFOHS a neighbor set .
of at |ed$t HmemfiogeuITescess Heqsyr Efe i itfes, in
addition to éﬂﬁeﬁ'iﬁivx fuﬁﬂﬂé mERPati comipdiiens of the pﬂoh anfl Bhﬁe&dretﬂ sets.
"I n other vvord the ase. st |on [ ran a
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Once the erbl | tehe arnval tune of that component. The mob11e computes pilot phase, ¢y,

20 from the followmg relatronsh1p

b = (T, + 64  PILOT_PN) mod2”,

where PILOT_| PN is the PN sequence offset index of the pilot X being searched.

25
Also noted above was the conventional algorrthm used in current

wireless commumcatmns systems for determmmg whether an idle handoff
should be performed Namely, whenever the moblle station determines that
the signal strength of a pilot channel emitted by a nearby base station is
30 sufficiently stronger than that of the active pilot channel signal an idle handoff
is initiated. ThlS energy comparison algonthm is typically expressed

mathematically as follows

IfE,(T) - E,-,@_‘,:) < H, then initiate idle handoff to base station B,

Wit



detected a pilot with a sufficiently strong signal and. begins tracking
that pilot, it wll nmake a record for each..multipath conponent of the
pil ot thawoioa/19181recei ving and continue sear chi ng the PACHPS0AMRGr ot her
pilots in the neighbor or 5 remaining sets. In siibsequent searches of the
PN space, the nobile will center the si@ar ch wi ndow of its scanning

recei ver around the earliest: arriving nultipath..conponent of each pil ot
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sear ched |s 1‘% ‘{’r%i"ﬂ'f‘d?fgx’gusgﬁﬂ@ tedss neasured at the nobile station
aRtenn? connect orI'heqireiém meezliﬂxcbresrhpﬁdvesmptg\ &seabd)m;eﬁﬂiohhbalg@mh:m‘ b bpg_nlt of
the pilot, i s e etlrrerernceo.t ile
Statbon i h QCELS SAEARIER Hat eladh e omishey, AeRgiefy B4 Bofition U 1E8

recei ved pi |mobitastatipa rélativeo tenactiverarel potedsially mehhhamrstét!mis tOtherof t hat
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ol att ondth parigBie e SRAY BB Un ot B snBhorl W e Lat "D,
sequteﬂce of fasavxngﬁgfﬂtéfdﬂ\ Qompwehbﬁaf X plb)tmylasae]r dwdzot @arespand rtotthe above
was the con%d MHsS k ons
systens for é?‘% nlhngg%’bieﬁer an |rJt t %ﬁ sﬁ%uﬁgﬁeg #%?ﬁ;&g

Nanel y, wherféatign t¢dhegnobile §kaarpnonTeepmrﬁmé§ I@bi&ty mﬁblsSmgmmrmthengt h of

a pilot char}ﬂﬁhn&mvahselebxfoa eB@RD mst Qﬁ&&éta@&uﬁmﬁpmeaobys Whé &&m@mfltne _
ive p| ot channe n i dl an off S

stronger ghan t hat of, ct
initiated> Wirde ﬁ&lwsceﬁgfmte SAMPORERE StEeR ;fgﬁéat $HER &gch
mat hemat i calpilotagahfiél. OMathéxhaEMl'ﬁ he ifBtdved slgdrithimewithibdthatypes %ﬂé e

handoff to bvga%gbfe[s%al\yobeeﬁprlasl.sleclllauollow WO 01/ 1912721 PCTI US00/ 209

If [Ba(t:) - Eg(t)] + [(Mx(POS4(t) - POS,(t,))x<EBes(t)/ E,(t)) -
20 (NX(POSy(t)-POS  5(t.))¥Eest)/ E 5(t))] < H, then initiate idle
handoff,

where E,(t;) and Eg(t;) are the signal strengths in dB of the active pilot channel
and base station B pilot channel respectively at pilot sample time t;, POS,(t,) and

25 POS,(t.,) are the time or phase offsets (i.e., positions) associated with the
earliest arriving usable multipath signals received by the mobile station from
that active base station A at pilot sample times t; and t,, respectively, t;,
denoting a previous mobile station sample time, POSg(t,) and POSg(t;,) are the
time or phase offsets (i.e., positions) associated with the earliest arriving usable

30 multipath signals received by the mobile station from base station B at pilot
sample times t; and t;, fespectively, Ee,(t;) and Eey(t;) are the signal strengths in
dB of the earliest arriving usable multipath pilot channel signal from the active
base station A and base station B respectively at pilot sample time t, and M, N
and H are design parameters.



where EA is the signal =" strength in dB of the pilot cl iiel emtted by the

active base station at the nobile, EB is the signal streﬁth in dB of the '

pil ot chanW@®M¥H tted by base station B at the nobile, FGAUYINVW28 design
paranmeter. A typical value for His 2, indicating that if the signal
strength of the active pilot signal is §3anythi ng less than 1.5
(i.e.,102/10) tines the strength of the pilot signal frombase station B
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T e oSS MBI B YN DOER Sl
} = E

Y

- POSA(t, 3) femthadesign perqmogters are: Mz appepiimately O.pésapproximate
B(t,))] <10 appeskibiaitélyal o i hﬁg?@&ﬁﬁftélly 1.9haha BAC hppRREmBRAY. 2.0a0e the
si gnhal st ren% S in Q%Ex,g he acti vs pi 31 chta neelinvand b els gf [ 88 B
pi | ot channePPPEEHEE PylInse Prefersed emberunentaf the inveption M 5 10,) = :
POSA(tt _3_) araﬁdtﬂh_ez,pj me or phase of fsets ( i.e., posi t i ons) associ at _ed W th
(e e et e U5 o B PR RS P R,
respectivel ymdy, effect daridle andofpdedision in mowireless tahimmicatiops systeneare
nssoci i olb wiERRi: T 28, b Honils o flale S, B afifdeduc 28 illRd 00 o
by the nobi | ¢he idealiged fcoverage seeast 201, 802 Bf baspistation 4208} the active baseand - -
i eng Tt e B R S MRl VD
base stati on isatprsitings206s whichois the pammp as ppsitipy 205. Acradinglynthe distacet | and
M N and H gfdn ks hitbile a0 & Base ¥l A%2AmBST/, Y5P8hd @218 have not :
20 changed. The same is true of the distance from the mobile station to base
station B at tim_e_.s' ti; 209 and t; 210. One skilled in the art will therefore
appreciate that in this scenario both of the position terms in the improved
algorithm will have zero values, and the decision whether to initiate an idle
~ handoff will be ni#'de according to the conventional handoff algorithm. In FIG.
25 2B though, the mobile station has moved towards the active base station 203 in
between pilot cﬁarmel sample times. Therefore, the distance from the mobile
station to base stétfon A 203 at time t, 208 has changed relative to its distance at
time t;, 207. Dié_fance 207 is greater than distance 208. Siniilarly, the distance
from the mobile é@ation to base station B 204 at time t; 210 has changed relative
30 to its distance at ﬁme t., 209. Distance 209 is smaller than distance 210 because
the mobile station has moved further away from base station B 204 in between
pilot channel sa_riiple times. This results in the active base station A position
term of the improved algorithm having a value less than zero because the phase
offset of the first usable multipath signal arriving at the mobile at time t; from

I )



13 Desjgn paraneter His the same as in the original handoff algorithm

Desi gn paraneters M and N however, allow system engi neers to further

control wheoermeii dl e handoff will be initiated by affecpngsiolndseci ght
given to each position termin the inproved al gopgthm For instance, if
system engi neers seek 5 to have each pomition termequally affect the

deci sion whether to initiate an idle handoff, then Mwould be set equal to

el ative 1o The St A WUEKRGFhe ERENJCHGR ME Tl oPiPel UE AR AR i on

then M woul dnilipagh signabthet artived faomThese statioraAatimé gy, thh eigheb having
t relod 7 [ l; | RIS e foe thY 3
paraneters aggyveldd 7 sABRELHidR! it c%nfpy a&% og%r@fé': apeg & for té\%l frfg’f?“fo

approximately . 1.0 to approxi matel | roxi mat

appr oxi nat el spmple at timed primilarlydtherissel station Eppositien teroewill bave\a valie0, N =
0.9 and b= grefhter BefreidroMtecia dhe ﬂa@gﬂ‘gé e dBst héiﬂféfﬂtﬂﬁb%ssl anow the
invention may, effect an_idl e hando ecisilon in a wmreless*co ni cations

system are "H?ﬁﬂté?%H}Oblﬂﬁ at-time tpfxomebase stationd? will bkelytbetlanger than theat
posi ti on 205phaskbffeticf thefitdh Ashisle %ﬁlﬁgﬁm%%gagﬂﬂ Atved ﬁ%?&bas%osiaticg{ pbase
n, a

stationAZ?%,.th actiye hase, stati ase station B 204. time
t,, the nobi¥diB¢ Sxm' %&%ﬁﬁﬁt"%v@wﬁm longer, distenge; ingipmmrgisoprfodhei s t he
Eam% ats posiﬁimtﬂﬁs.foﬁa?erﬁeggi?s s%rh?ledg%giﬁf]@@,q. f rn{egiaﬁ rFébﬁllcti%f_Slﬂﬁét ion to
ase statjo at_ti.mes_ t; .. an . ve n nged. e sane
is true g? t'RECEDIRE A% A Weigliting, as#Bs! FE“EF%‘E‘i‘%na‘f 68{%%%“&:@ -atH$hsBnat tines
;;_1h_209 ancprinciple QppBaewith tekpett itqﬂrﬂdtﬁmadWayV'fﬂth]tﬁh%. @ivebase aﬁjﬁbﬁczbsh e t_hi'ilt
in this sce i on t in the i QV al gorithm w
have zero v%e@&gﬁgb?%e&ﬁ%ﬁ?g% %ﬁ%‘f%ﬁ the 1 rf’l‘"é‘?gfgé’ﬁl g il of f
wi || be nmaddeweighttdrigwands ingiating\aaridledumidoftndasé statigoBi20bm I n FIG 25 2B
t hough, the nobi o v t LV ase stati.on 203 in
bet ween pil ot ch%ﬁ*i%ﬁ%ﬁgﬁﬁ %ssﬂf;ﬁ%g?g , %rg&éliesﬁgﬁ‘c efﬁ%ﬁﬁc’c‘% mobi | e
station 49 Heseriptien pbthepraferred embodimenptmt ithe inveatipadprovidesia/more it s
di stance at reljs ; ' o . ' )
relidBIB niethdd Od sﬂt@ﬁ\a&f%r%?%ueﬂg n%ﬁ@tsghoﬁ'\blmdggfﬁ g&p%ﬁnégg 04 at

Simlarly, tH&SSdlstance fromthe’no tation to base's
tine t; 210 SRS, Jhednyention therefore helpsite enpunethatmessagesiptanded 002

Di stance 20%nbbilesstatibeivill hapbe &ﬁs@agex&wn%ﬂag&@iontﬁmypbmr Wifthbpn has
moved further away from pase station B 204 in between pifot channel sanple
Limes. Thi s Heccqipimed and aysier) fasopaes Wilhnph ke Aupscpesasly faxed due to

20 unwanted or inadvertent idle handoffs. The previous description of the
preferred embodiment is provided only to enable one ordinarily skilled in the
art to make or use the present invention. Various modifications to these
embodiments however will be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other embodiments

25 without the use of inventive faculty. For instance, one skilled in the art will
appreciate that the methods and systems for providing improved idle handoffs
described above in the context of a CDMA system may be readily implemented
in any wireless communication system, such as cellular systems, wireless local
loop telephone (WLL) systems, and the like without the exercise of inventive

30 faculty. Cellular systems include, by way of example only, AMPS (analog), IS-
54 (North American TDMA), GSM (worldwide TDMA), and 1S-95 (North
American CDMA). Hence, the present invention is not to be limited to the

specific embodiments shown and described herein, but is to be accorded the




termof the inproved algorithm having a value |less than zero because the
phase offset of the first usable nultipath signal arriving at the mobile

at tinme twonggm\p 01/19121 PCT/USQN 20020 lic 14 - 9929 i on A
will likely be smatter—ttamthephaseoffsetr—of " the 11735t usSable nultipath
signal that arrived frombase station Alat tine t; " the signal having

travel ed a shorter distance in conparison to the trave! time for the
previous  sappedt 8lopel cPhsistent witlth@prinicipléiCatBavéll fRhiueés Hisfloséd afid term
wi Il have a value 57°greater than zero beCause the phase offset of the first
usabl e nulti¢gaoedhest® arriving at the nobile at time t. from base

station Bwll likely be |arger than the phase offset of the first usable
mul ti path Slﬂpa| that arrived frombase station B at tine t,.,, the signa
havi ng t r aveY&flai™onger di stance in conparison to the travel time for the

previous sanple at tinme ti_,. The likely result of the 10 foregoing is a
wei ghting against initiation of an idle handoff. The sanme principle
applies with respect to notion away fromthe active base station 203 and

towar ds base station B 204, except that the inproved algorithmw Il likely
be weighted towards initiating an idle handoff to base station B 204. One
having skill -in the art will readily appreciate fromthe foregoing 15

description of the preferred enbodi nent that the invention provides a nore
reliable nethod and system of perform ng nobile station handoffs while in
the 1dle State. The invention therefore helps to ensure that nessages
intended for a nobile station will not be m ssed, excess nobile station
battery power will not be consumed and systemresources will not be
unnecessarily taxed due to 20 unwanted or inadvertent idle handoffs. The
previ ous description of the preferred enbodinent is provided only to
enable one ordinarily skilled in the art to nmake or use the present

i nvention. Various nodifications to these enbodi nents however will be
readily apparent to those skilled in the art, and the generic principles
defined herein may be applied to other enbodi nents 25 wi thout the use of
inventive faculty. For instance, one skilled in the art wll appreciate
that the nmethods and systens for providing inproved idl e handoffs

descri bed above in the context of a CDVA system may be readily inplenented
in any wrel ess conmunication systen1 such as cellul ar syst ens, Wi rel ess
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|.oop tel ephone (W.L) systens, and the |ike w thout the exercise of

I nventive 30 faculty. Cellular systens include, by way of example only,
AMPS (analv&ﬁf’gf’é 54 (North Ameri can TDI\/A) GSM (wor | dmfgyuﬁ% 0 and

| S-95 (North Anerican CDMA). Hence, g present invention is not to be
limted to the specific enbodi nents sh fn and descri bed herein, but is to
be accorded the WD 01/19121 PCT/ US00/ 20920 15 wi dest scope consistent with
the principles and novel features disclosed and clainmed herein. W claim
WD 01/19121 PCT/ USOQ 20920 16 CLAI N%Lég nmet hod of initiating idle
handof f of a nobile stationina 2 W communi cati ons system
conprising the steps of: (A obtaining first and second sanples of a first
pilot signal radiated 4 by a first base station, said first sanple
occurring at a fikst tAme ehinitistingridle dangbff ofc e unpbile stdtion sre@ond

t 6 d pilot si |
i at od By Wik bijtutbicaion byetehl; ddinpIRG Be Bepdof 000 P % Seaid
first time 8 and®ai @btajningfirssand secnd saniplgs of a Sustipitassigral radisted( C)
det er m ni gg Ez‘itfﬁ‘@lrbats@gta gﬂ]dﬁ?ourt s%%ﬁ@?&ﬂfﬁn &t Mﬂtﬁﬁ@aﬂ@éﬂaﬁ?&%

strengths of Said second es and a position-werghting term
is |ess thafAmpleocsuringatgseeandtimeer: and 12 (D) initiating idl e handof f

of said ngbile st@i Orbﬁtilﬁﬂ1.$§hﬂdféﬁ&tfogﬁﬁf’sarﬁﬁﬁycﬂ“iz&céﬁ’d 1tﬁﬁ0£§1‘2ialbj‘|‘_ﬁe
rst. design arameter. 2.

statlonlfsalqc%& is |les %
met hod of cl ZAHRtE ear%cﬂn hesaﬁéﬁw Sl @P@%&P?.OSW%.S@#{ ytimer m (PW
i s det er n nednd said dowrthl smrepledcclirririfatiseid Rebmdtig@yat i on: 4 PW = g
[ MK(POSA(t2) - PQOSA(tI NX hb% \M;tere Mis a secon
desi gn paraneter, 53‘%4 FH?‘L‘@%EE’? P('l ?‘Hﬁé’?sﬁé ‘MQ fotles 4
val ue rellat edtrengthahef shid tsacored aid fauirth smhples anidad p Gﬁhi)ﬁ@m?h @Itefmfiist base
station at S?ésgt}&%%oﬁ}gt&és%pgmpégr ;n&orrprl ses a value related to

12 (D) initiating idle handoff of said mobile station from said first base

station to said second base station 1f said sum is less than said first design
14 parameter.

2. The method of claim 1 wherein the value of said .plosition-
2 weighting term (PW) is determined in accordance with the following equation:

4 PW = [MX(POS,(t2) - POS,(t1))] - [N3(POSy(t2) - POS,(t1))]
where M is a second design parameter, N is a third design parameter,
6 POS,(t2) comprises a value related to the distance of said mobile station from
said first base station at said second time, POS,(t1) comprises a value related to
8 the distance of said mobile station from said first base station at said first time,
POS,(t2) comprises a value related to the distance of said mobile station from
10 said second base station at said second time, and POSg(t1) comprises a value
related to the distance of said mobile station from said first base station at said

12 first time.

3. The method of claim 1 wherein the value of said position-
2 weighting term (PW) is determined in accordance with the following equation:

\
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8 the distance of said nobil'e station fromsaid first base station at said,
first tinme, POS6(t2) conprises a value related to the distance of said

mobi | e stWo@AIRtom 10 said second base station at sai PCFAEENP20 ne, and
POSA(t1) conprises a value related to the distance of said nobile station
fromsaid first base station at said 1 first tine. 3. The nethod of claim
1 wherein the value of said position- 2 weighting term (PW is determ ned

in accordance w PR t=hdMbPOSét2)g - ROSH(E10)x (Ee, ()4 B,(tR)] F IINX(PDS3K2) +1/ 1111
MS 111 WO 920 17 4 PW= [ MK(POSA(t2) - POSA(t]I
(EeA(t2)/ E&%{?%’?t}ﬁ;@%@%ﬁ?m - POSB(tI))x[ Ec(aB(t2§/ )EB(t2 (6 \)M)q)ére M
is a secénd wlbse@:ilepasmdeieslgl\lpwametemhids d@bré;deggnamter. (2»)

| i d
T 5 on el SYALP ok 15l BROGE o bRt P Rl 2 o i o
rel at ed o thase @tagmn@tesm ssemui tiois, [POSx(H) icompirisgsnasyalue frelased e dhe
station at Qﬂéé Bﬁﬁ?&'xﬁsbﬂe 4@t 59@?&&%&%%&@%&&@-&%1&@1& ﬁﬂlet o the

di st ance of tation from salid second base station at said

second t%0me P@&a@@\l eamprisesot valus related tacthedistance, of said mebile statiop Bogt  sai d
nobi | e statiggfy §dc8Ad %ﬁééjstﬁhéﬁ bt %&@e&ﬁﬂtﬁﬂ@ P@S,ﬂﬁ @oxfn £iBés a Rrhmé reﬁfé t2)

- conprises salid total st reng sal =con B(t2 ri ses
sai d toth stPr"Bﬁglt‘W F’Ef?h‘ s@é&%ﬁgaﬁﬁ%‘?‘?‘i at S*PF} rengt h
of tlhe ear ljltgﬁé Bl )/lcﬂﬂp\l!i%a@stﬁhdﬂtbfdl F&iéhg&ﬁ;ﬁfgiﬁdt s&fm&afahpl%c(m@) 16 o
sanpl e, and Ee es sire e, e arrivi usabl e
rrulrr}t)| patﬁ cﬁ?ﬂ% %ﬁa SFS{}&*?‘}] é ?r‘&g lﬁ%@f S?mEF’gF?nQ'% or 3,
whe lr3 Ie| n PIOtS/b(cﬁeﬁgﬂc ofrthe eaﬂnesﬂm-rivﬂxg@ asabile oﬁﬁknpatlotompenawﬁ sdd sacond/i ngt ]
usabl e i | ec a 0 es the
phase o?'}és etsg%fpri?’h%rgﬁgl’@s om?filseﬁ %b gtga%ﬁ”ﬁ ﬁﬂhe]’ Ffﬂ%@ﬁ&éﬁ)\%\g 'ggr%tuegf sai d

first sanpl @ummt@pm@pfmdfammb of fset of the earliest arriving
usabl e nul tipath conmponent of said fourth sanple, and 6 PCSB(t1) conprises

t he phase offset of the earliest arriving nultipath conponent of said
third sample. 4 The method of claim 2 or 3, wherein OSA(tZ) comprises the phase

2 offset of the earhest arriving usable multipath component of said second
sample, POS,(t1) compnses the phase offset of the earliest arriving usable

4 multipath component of said first sample, POSg(t2) compnses the phase offset
of the earliest arnvmg usable multipath component of said fourth sample, and

6 POS(t1) compnses the phase offset of the earhest arriving multipath
component of said third sample.

5. The method of claim 1 wherein said wireless communications

2 system is a cellular communications system.

6.  The method of claim 1 wherein said wireless communications

2 systemisa CDMA System.

7.  The r__x_iethod of claim 6 wherein said mobile station is in the idle
2  state and said first and second pilot signals comprise first and second pilot
channels.

[0y lIIH Mlll I



5. The nmethod of claim1 wherein said.wireless communications 2 systemis
a cel lul ar_comuni cati ons system::6! The:nethod of claim1l wherein said
wirel ess COMMH¥ations 2 systemis a CDVA system 7. THETHSMMRLf claim
6 wherein said nobile station is in the jdle 2 state and said first and
second pilot signals corrprl se first and ¥econd pilot channels. | 1111111
112222 teer rereg ol ,g* _j I i ~I11 WD 01/19121-PGT/ US00/ 20920 18 8. The
method of cl ai m 78wher €hé Tgthod of glaim ¢; wherpim Saill: tetal strengthmef caaidyr e

cal cul at ed b;m@@bsru&etdamuméa é&dlﬁ@%ﬂhﬁ)&r oft fyn@rgaf gé@eﬁgpéﬂoénaté% [}isifb@”“e' S

to total specira n y of af .nost usabl e. nul ti

said pilots Fb‘e%‘?%& tsﬂﬁ‘?l FRFCE2 ée’és&%‘i’fe%t mest kpjpab ]l?éPHBH’a@i‘ C@mﬁpﬁ?qts\ﬂﬁerel n
sai d nobi ke shidipilts preived idting)s @gsmgrms said sanpling steps. 10. The
met hod of clainms 1,2 or 3 whereln said first design parameter 2 has a

value in the range of approximately 2.0 - approximately 3.0. 11. The

nmet hod. of cl ai 592 ormeymh@dnfehm Bodreiéndand #idbilé seaicipeAbdicaly @
value|n5 ﬁ"g‘ﬁ% 1aﬁ§§> ngqely08-approxmately11 and sald
third desfgnPSa ERErdr sAIPIRSSISPS e i n t he range of approximtely 1.0 - 4
approxi mately 1.5. 12. A systemfor determ ning whether to initiate idle
handoff in a 2 wgel A a first
base station radia |n8ﬂz ?‘%W?ﬁ% nf%)ﬂ%(\? "i{QEe %@E@gﬂﬁsﬁ%@?ﬁétmn
radi ati ng2a %'eaéﬁdlqﬂmdhemn@fapprmhméﬁ)y:wmppﬂommamy&a havi ng an

I ntegrated chip capabl e of executing 6 software; and (D) a set of software

I nstructions executed by said chi? for: 8 (1) obtalnlgg first and. second
sanpl es of said fikst Pne gnetioghe clamﬁa ot rstwherehl sabt secondidesigm fir st

time and gai pasAREeH haddRBudif e fatge Uf aPproximately 0.8 - approximately 1.1,
and said third design parameter has a value in the range of approximately 1.0 -
4  approximately 1.5.

12. A system for determining whether to initiate idle handoff in a
2 wireless communications system, comprising:
(A) a first base station radiating a first pilot signal;
4 (B) a second base station radiating a second pilot signal; and
(C)  amobile station having an integrated chip capable of executing
6 software; and
(D) a set of software instructions executed by said chip for:
8 ()  obtaining first and second samples of said first pilot signal,
said first sample occurring at a first time and sa1d second sample occurring at a
10  second time;
(ii) obtaining third and fourth safnples of said second pilot
12 signal, said third sample occurring at said first time and said fourth sample
occurring at said second time;
14 (ii) determining whether the sum of the difference between the
total strengths of said second and fourth samples and a position-weighting term
16  isless than a first design parameter; and
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10 second tine; (ii) obtaining third and fourth sanples of said second
pilot 12 signal, said third sanple occurring at said first tine and said
fourth sangp VI, i v | ng at said second ti rre 14 (iii) dé'f"@'r"m% whet her
the sum of the difference between the tfé strengths of said second and
fourth sanmples and a position-weighting term 16 |s | ess than a first

desi gn paraneter; and L| IIJIIIlIII 11 111 01/19

PCT/ USOQY 20920 19 (i vf“’imﬂl dk‘ﬂ“@%&%ﬁéﬁ‘} q?\gg'?@sé%‘%%%n from
said firsis Jl&sbamoattasaﬂrsetm&basé sttiond shidssuns iselbs@mwfsaiﬂaﬂ:ﬁt dedighs | ess
than said first design pararreter 13. The system of claim 12 wherern the

val ue of sai PP on- wei ghting term (PW is determ ned in accordance
with the foll ow ng equation 4 PW= [ MK(POSA(t2) - POSA(tl))] -

[ Nx( POSB(t2) - (tl re ond. dgsi gn IS a
third design par gﬁé’ter)ﬁ"L(Ssyﬁ%?A ‘jlg‘éﬂfﬂﬁfa?’e%e‘é‘ g}:ﬁ %51“? g?@’tﬁ‘ePBs‘Pﬁ

di stance & swelghtmgldrm@&V&)Jsdntei'mmdmcdoﬂdaneewhhstheﬁdlmmgequamd
second tine, POSA(t1l) conprises a value related to 8 the distance of said
nobi l e station fromsaid fi.rst base station at said first tine, POSB(t2)

conpri ses.4 a. val FWV=Mx(BOSLE2)-ROF(E)hnE<EOS@2) BHR(H1P] st ati on from 10

id cond base ; quqae ' %@gt s CO | a
\S/Z: ueS(raeI at ed tot ﬁéﬁ%t@%gﬁ@d@ ggéligﬁlﬁggl e Ié’?g?f gn . roarﬁ)sfg‘l gﬂrfa#'r%s?%’ base
station at6 saP@SA(t2) compzises o iyaluepelatethto thesdistpnge of saifimabile stafien &iom t he

val ue of sai aRPRkdtbask st@ua%@am w&&mép% ;&ﬁﬁgﬁs&w& é\reme&%&ance
vmththefollovm equatlon PW OSA(t1))x. (EeA(t2)/

EA(t2))] -8 [ Ntkedisttnqent sai \3%@ ptation ﬂlé stationat gaid, firsktime, 5
second deSI grePQ: ayra&ﬁ risd} 4 GaRietrbiabel dﬁ&iegdisﬁawmeéaﬁa mébdeAdthtion ORI i Ses

a val ue; elate to di st anc of sai d bile fromsaid first 8

base st atiGn id segogd Q@esﬁtfhprl sisfsron Bipg i EOS D) roRsEa P AE o ( he
di stance of seladedtibthleclisthade afrsafdr mivbila sthtibhIfedm lsakifist biseatativn staaill f i r st

tine, _ 12 first time.

14.  The system ‘of claim 12 wherein the value of said position-
2 weighting term (PW) is determined in accordance with the following equation:

4 PW = [MX(POS,(12) - POS,(t1))x (Eex(t2)/ E,(t2))] - [Nx(POSg(t2) -
POS,(t1))x (Eeg(t2)/ Eg(t2))]

6 where Mis a second design parameter, N is a third design parameter, POS,(t2)

comprises a valuerelated to the distance of said mobile station from said first

8 base station at said second time, POS,(t1) comprises a value related to the

distance of said mobile station from said first base station at said first time,

10 POS(t2) compﬁses a value related to the distance of said mobile station from

said second base éﬁation at said second time, POS(t1) comprises a value relate

12  to the distance of said mobile station from said first base station at said first

time, E,(t2) comprises said total strength of said second sample, E;(t2)

14  comprises said total strength of said fourth sample, Ee,(t2) comprises the

strength of the earliest arriving usable multipath component of said second

16 sample, and Eey(t2) comprises the strength of the earliest arriving usable
multipath component of said fourth sample.
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10 PGSB(t2) conprises a value rel ated to the d| stance of said nmobile
station from said second base station at “sai.d second ti ?&@@é@'ﬁ%l
conpri ses WO elate 12 to the distance of said nobi from
said first base station at said first tidlm EA(t2) conprises said total
strength of.:said second sarrpl e, EB(t2) 4 conprises said total strength

of said fourth sa I S strengt f earl i est
arriving usabl e t| P &ﬁﬁ%ﬂbﬁgnﬁ f‘i&f:gﬁ é‘@l?ﬁﬁg Q@g g?p‘loénpré% tESs(t 2)
conprises 2t Pq)lﬁké effeéth)f(tﬁe edrliléstfaiﬁklllrfglsflﬂﬁalblld mvltijth fthis aﬁbel v neﬂubll ffaln:flﬁeta:lofuli cLs
conponent of sai sanpl e

11!”?1[ 11 WO o‘fFiFg ﬁaéé%)ﬁg?{d@%th esphase ofigel 0@‘ Sartipst ATiving ysghle €14,
wherein P@SA(mﬁ)hpamrpompeﬂeﬂtruf saitl ﬁMsanplé PEIS(12) ¢dmpﬁmslthe§ﬂ1asaf oifsetng

usabl e nul ti oF; t onent . of s sa C se t he
phase of  set "Brtoe RS Yate ueblS mioah BBl of T o hSREIR 387 o o
first samfl e P@ww@h&pnw e phdse offsate ob fthe eearliebt taneiving Imektipaahri Vi ng
usabl e nul ti fourth sanple, and 6 POSB(tl) conprises
t he phase of P‘?EM% ea&ﬁgle Frivi ng nultipath conponent of said
third sanple 16. The systemof claim 12 wherein said wreless

communi catl ons 278! blejeRnf 6 LUA'1 L WHEHhAIA ORSeld LhifnuhiearibiS
system of claim 12 whereirn“sard w reless conmmuni cati ons stemis a CDVA
system 1& Tystenyisiagellylar commpmnicatigne spstemsai d nobile station is in the
idle 2 state and said first and second pilot signals conprise first and
second pil ot chaqgel S..19. The emof claim 18 wherein said_total
strengths of said*2 s;ﬁ‘ﬁlsé‘%teg}e gweuﬂ%mrey saifd wigelessecommunicagions e gy
per chip & ssgiisfénpislmpmws to total spectral density of at nobst k
usabl e nulti path conponents of 4 said pilots received during said sanples.
20. The systemof claim 12 wherein said nobile station periodically 2
perforns said sanuBi ngTheéapstem of claim 17 wherein said mobile station is in the idle

2 state and said first and second pilot signals comprise first and second pilot
channels.

19.  The system of claim 18 wherein said total strengths of said
2 samples are calculated by adding the ratios of energy per chip of said pilot
channels to total spectral density of at most k usable multipath components of

4  said pilots received during said samples.

20. The system of claim 12 wherein said mobile station periodically
2  performs said sampling steps.

21.  The system of claim 12,13 or 14 wherein said first design
2  parameter has a value in the range of approximately 2.0 - approximately 3.0.

22. The system of claim 13 or 14 wherein said second design
2 parameter has a value in the range of approximately 0.8 - approximately 1.1,
and said third design parameter has a value in the range of approximately 1.0 -

4  approximately 1.5.
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21. The systemof claim 12,13 or 14 wherein said first design 2 parameter
has a value in the range of approximately 2.0 - approximately 3.0. 27. The
system of W@ 1213 or 14 wherein said second design 2 ROTASV920has a
value in the range of approximately 0.8 - approximately 1.1, and said
third design paraneter has a value in t3e range of approxinmately 1.0 - 4
approximately 1.5 1 1"t 1 e e et 111 CL 1AW 01/19121
PCT/ US00/ 20920  23. 23A Watgmtﬁmiﬁﬁaﬁng’ idlat hangloffilof ahambilef stafiom inobi | e
station i) : em conprising: (A) neans for
obt ai ni ng fla‘?ns],"%l ?‘Jggélglﬁggsa féeg{ S?H‘in?*%gt pilot signal 4 radiated by a
first base statléA) smedn$fqrsxbt%mqglﬁ;smacongsempksm%nétrstpllmstgml sai d
second sanpl L r third
. ﬁdxaIQgetg;Hg 2 firdt ﬁ&s@s{}éﬁ{)@f%ﬁﬁ hl sa.ﬁip(l(,B ecl illg aft% ﬁﬁphﬁ{egén{bkgs

and fourth sa a ‘secon f ed' a secon

station, saisgid secord sampleocearringratageeandsing; first 8 t| me and said fourth

sanpl e ogeur 1 ng (Bf S fledng §5:00bkalrif thit DandeRiF Simpled BF Histbaidl P’fle her the

sum of the dlfference bet ween e total strengt sai d
fourth sanplsignalfrdiated byia segondibaseistation, said third sampleoccusringat gaid, first deS| gn

paraneterg  aiflel Zarld) safaNfoureh isBhiplet ididurfing handalid %céﬁdd tivb; | e
station from sai

first b se station to said Seco bas sta on if said
sumis |ess than?ghl dmeaps for dejerpuning %Fntgf’ ‘;‘d e%?fg* FWeR™ ¢l ai m
23 wher eion tthe totubstringtiis Gfasatt paohd iagd- fo-2 emd ;amﬁ&melghtd@ erm ned

d th.the,foll t
L&iffi;ﬁ”ct%rfvz“rx(p nclos | Wl TR SRR, deetin | Barametns Jand

paranetek2 N is &D)hi nréaﬂeﬁ:rgmﬁa&ngndtedmndo&cﬂ@ﬁidhﬁ:hlestqﬁon&fmaanhl ue
rel ated to tgg giatang a‘ﬁt f&f sai&g%%s% stdtftinl 8%ald Qih iS sl qﬁir[ Eédd

station at sai d Secon nprises a value re t he
di st anceldof @i@lm@m&@rst ation from sai d first base station at said first
time, POSB(t2) conprises a value related to the distance of said nobile

station from 10 said second base station_at said second tine, and POSB(t1)
conprises a val u@4  The system of claim 23 wherein the value of sa1d position-

2 weighting term (PW) is determined in accordance with the following equation:

4 PW = [Mx(POS,(t2) - POS,(t1))] - [Nx(POS,(t2) - POS,(t1))]
where M is a second design parameter, N is a third design parameter,
6 POS,(t2) compriséé a value related to the distance of said mobile station from
said first base sﬁtio’n at said second time, POS,(t1) comprises a value related to
8 the distance of said mobile station from said first base station at said first time,
POSg(t2) comprise‘é a value related to the distance of said mobile station from
10  said second base station at said second time, and POS,(t1) comprises a value
related to the distance of said mobile station from said first base station at said

12 first time. |

25.  The system of claim 23 wherein the value of said position-
2  weighting term (PW) is- determined in accordance with the following equation:

4 PW = [Mx(POSA(tZ) - POS,(t1))x (Ee,(t2)/ E,.(t2))] - [Nx(POSg(t2) -
POS,(t1))x (Eey(t2)/ Ex(t2))]

W




related to the distance of said nobile station fromsaid first base st?ti on
at said 12 first tinme. 25. The systemofcl.aim23 wherein the value o
sai d posi tWY8AMM2L0i ghting term (PW is determned in ac®GTHIMRIZS th t he
foll owi ng equation: 4 PW= [M((P%A(th - POSA(t1))x (EeA(t2)/ EA(t2))1 -
[ Nx(POSB(t2) - POSB(tl))x (EeB(t2)/ EB(£2))1 Il1lilliiijidl, 11111 11 WO
01/19121 PCT/ US00/ 20920 22 6 where Mis_a, second design paraneter, Nis a
t hird desﬁgn“gﬁf%l érsfc??éﬂfstl&‘} Pamﬂ'bg? %W’Q,:ﬁﬁ?%?mtﬁp%(@ stance
of said nobi kemptisés a)ﬂallixé“(iélasél'ﬂ £b giercﬁétané’e bmsﬁ@&iie?slaﬁéra &%hgsaﬁaqg?@lt time,
POSA(t | onprises..a valug related to e, di stance ‘of sal i]e ation
f rom( sai) d®f int?e atien 5? Spidsecopdstimg, phlﬁggﬁ F?@Pmiﬁ)alj(%ﬁf f&?f@o%ﬁ% es a
val ue rel at edistandehuf sdid heobkike a&ﬁmiﬁbmbﬂd first tbaké eﬁlu‘ohoem slaﬁcalfﬁlitsl@ﬁlz : enflhbase
station saj cond tinme, POSB(t C ri.ses a value rel ate, 0 e
di st anceqéf anéﬁo“ﬁ’ml’é%? i Yaye Fé‘ﬁtr‘#lstﬁi%ggf’i'siﬁcebaafssé‘ frbﬂhﬁﬁﬁttaatfmkgpﬂ‘ first
time, EA(t2) saidrspcdmbbasea;‘taiidmﬂtadaicktécengtticme)fP(ﬁ,'(ﬂ) eclﬁnpfiéeia(aﬁfﬂhe relal( t 2)
14 conpri,ses | d trengt h.,of  said. fourth .s e, EeA(t2) . i ses
the streddtnioie st of Sai'Sobp Ston g said fEF Bas S&%‘F%ﬁé%?ﬂggﬂgéai d
second 16 s&imp, EA(E)dedBeplisey) saidntotal strength sif rsaidjtdecond t Sumpley [By@2)
20470 5l prilh il B Se Bia Bt GBI, SATRFcomprises th
strength of the earliest arriving usable multipath component of said second
- 16 sample, and Eey(t2) comprises the strength of the earliest arriving usable

multipath component of said fourth sample.



