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communications system.

20 IL. Description of the Related Art

Typically, communications systems prohibit handoffs. while the
mobile station is in a system access state. The system access state is the state
in which communications are initiated either by the mobile station by
means of transmissions over an access channel or by a base station by means

25 of transmissions over a paging channel. In the exemplary embodiment,
messages are sent in accordance with a code division multiple access
(CDMA) communication format, which is disclosed in detail in U.S. Patent
No. 4,901,307 entitled “Spread Spectrum Multiple Access Communication
System Using Satellite or Terrestrial Repeaters” and U.S. Patent No.

30 5,103/459 entitled “System and Method for Generating Waveforms in a
CDMA Cellular Telephone System”, both of which are assigned to the
assignee of the present invention and are incorporated by reference herein.
The use of paging and access channels for call initiation is well known in
the art and is detailed in TIA/EIA Interim Standard IS-95-A, entitled

35 “Mobile Station-Base Station Compatibility Standard for Dual Mode
Wideband Spread Spectrum Cellular System”.

One of the characteristics of CDMA systems is that the same frequency
is reused in every cell. Diversity combining is a method by which a receiver
receiving signals carrying the same information, combines those signals

40 which are propagated through different paths to provide an improved
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are assigned to the assignee of the present invention and incorporated by
20 reference herein. Hard handoff is, in contrast to soft handoff, where a
mobile station passing from one cell to another is dropped by the cell being
exited prior to being picked up by the cell being entered.. |
The use of the same frequency in every cell and the use of soft
handoff results in high CDMA system capacity. The reuse of the same
25 frequency in the neighboring cell causes rather rapid changes in the forward

link signal to noise ratio near cell boundaries. This is because the cell being
received by the mobile station may fade and the neighboring cell may
increase in strength (anti-fade).
Generally, when the mobile station is receiving two cells, the received
30 traffic channel energy per spreading chip to total spectral noise density for
the signal transmitted by cell 1 is given by equation (1) below:

1)
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3 And thae recei ved tE«a{i c ém ne energy per spreading chip to total )
spectral noi se densily fqr thx% %nal transmtted by cell 2 is given by
equation (2) bel ow:. 3 _ [err] wher e

in equations (1) and (2) 10%r2 IIt’{'b’err] is the total thermal noise,

where in equations (1) and (2)

Ioc is the total thermal noise,
10 _
=<1, -I—c-z are the fraction of traffic channel power transmitted by cell 1
or or
and cell 2 respectively, and
| SR S are the fraction of traffic channel power received at the
15 mobile station from cell 1 and cell 2 respectively.

Consider I . to be small relative to .ioﬂ and iorZ' When cell 1 fades relative

~

to cell 2 Ioﬂ becomes small relative to I, (the ratio { 2 becomes large).
orl

Thus, ]Iz—cl becomes small. If the mobile station is not in soft handoff, then
O

20 this change in signal to noise ratio can cause problems. However, if the
mobile station is in soft handoff with the neighboring cell, then the change
in signal to noise ratio is not a problem because the mobile station is
performing diversity combining of the forward traffic channels from both

cells. While the first path given by %—1 becomes small, the second path

(»]

25 givenby %z becomes large. Thus, fading by one cell increases the signal to
O

noise ratio from the other cell.

Paging is a method of sending information to a mobile station
indicating the initiation of mobile terminated service or to receive an
indication of new overhead information. A method for initiating a base

30 station initiated call is described in detail in U.S. Patent No. 5,392,287,
entitted “APPARATUS AND METHOD FOR REDUCING POWER
CONSUMPTION IN A MOBILE COMMUNICATIONS RECEIVER” and in
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channel is called slotted mode and the mobile station may monitor the
paging channel for 80 ms. every 1.28 seconds. The period between
monitoring intervals can be made longer as desired by the user. Before each
predesignated time slot in which a mobile station may be paged, the mobile
station wakes up (becomes active) and resynchronizes or improves its
synchronization with the base station. The mobile station then monitors
for pages or other messages in the slot. After some interval, the mobile
station can become inactive and not monitor the paging channel until just
before the next assigned slot.

Prior to the time when a mobile station is actively communicating
traffic information with the mobile communication system and after the
time when the mobile station has achieved timing synchronization with
the communication system, the mobile station is in a state referred to as the
idle state. In the idle state, the mobile station can receive messages, receive
an incoming call, initiate a call, initiate registration, or initiate message
transmission. When in the mobile station idle state, IS-95-A permits the
mobile station to perform an idle handoff at any time other than the
interval that the mobile station is required to be inonitoring its assigned
slot. . . _

However, when the mobile station originates a call or receives a page,
the mobile station enters the system access state to send an origination
message or a page response message. While in the system access state, an
IS-95-A mobile station does not operate in the slotted mode. This is called
non-slotted operation. Specifically, the mobile station cortinually monitors
the paging channel until directed by the base station to a different state or an
error condition occurs permitting the mobile station to exit the system access
state. The exemplary embodiment will be described in the context of the

1
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by having the radiated power of the paging channel higher than the traffic
channel. Since one paging channel can handle the call origination and

25 termination of many traffic channels, the loss in capacity by this higher
power is minimal. In order to support soft handoff on the paging channel,
the system would essentially have to send the same information on the

- paging channel in all cells, thus dramatically reducing the overall capacity of
the paging channel.

30 While in the idle state, the mobile station is permitted to perform
handoffs. Typically, the mobile station performs a handoff whenever the
received signal level from one cell gets sufficiently above another cell. This
idle handoff is typically done before the mobile station begins monitoring
the slot. However, there can be cases in which the mobile station is unable

35 to choose the correct cell before the slot begins and the mobile station must
continue to monitor the existing cell. While in the system access state, the
mobile station is not permitted to perform idle handoffs.
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than the traffd Soft harfdiginel . Since one paging channel can handle the call
origination andUnder IS-95-A, in order for the mobile station to enter into soft
. handoff, the following steps must occur. First, the mobile station detects
20 that the pilot of another base statiorr-is above a predetermined -energy
threshold value. = Second, the mobile station sends a pilot strength
measurement message. Third, the infrastructure sets up the handoff, and
the infrastructure sends the handoff dir_e_ctid_n message to the mobile station.
Depending upon the circumstances and the implementation, this may take
25 from a few hundred milliseconds to considerably more than one second. -
Thus, although soft handoff is generally. supported in IS-95-A
systems. However, soft handoff is not supported when the mobile station is
in the system access state. Thus, there is a need for.a system which permits --
soft handoff while the mobile station is in the system access state to provide

30 increased reliability in the system access process and other benefits. .
SUMMARY OF THE INVENTION

The present invention describes several modifications which can

35 improve operation on_the paging _anci_ access 'chénnel's. The first feature of --.
the present invention is that it permits handoffs while the mobile station is
in the system access state. This permits the mobile station to receive a base
station whose signal-to-noise ratio is high so that the message error rate is
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20 changes in signal-to-noise ratio mentioned previously.

In addition, coupled with the third feature of the present invention is
the inclusion of multiple active set members in the channel assignment
message, permitting the mobile station to be assigned to a traffic channel in
a soft handoff state. '

25 Finally the features presented above provide special utility in the
priority access and channel allocation (PACA) operation which provides for
users to gain access to limited communication resources in accordance with
designated user priorities.

While the invention is described in terms of a CDMA system, the

30 invention is applicable to any cellular or satellite communications system.

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
35 become more apparent from the detailed description set forth below when
. taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:
FIG. 1 is a block diagram of a mobile station communicating with a
base station of a group of base stations;
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base st ati orsystem determlnatlon, mobile statxon 2 moves into the p1lot acqulsmon
substate in which it attempts to demodulate a pilot signal based on the
acquisition parameters retrieved in the system determination substate.
20 In the exemplary embodiment, mobile station 2 attempts to:acquire a
CDMA pilot signal in accordance with the acquisition parameters. Signals
(if present) are received at antenna 4 and .passed through duplexer 6 to
receiver 8. Receiver 8 down converts, amplifieé the received signal,
converts the analog signal to a digital representafio_n and passes the signal to
25 searcher 10. Searcher 10 attempts to acquire a pilot signal by testing PN
offsets. A PN offset is tested by demodulating the signal in accordance with
the PN offset hypothesis and measuring - the signal energy of the
demodulated signal. Design and implementation of searcher hardware for
CDMA acquisition is know in the art and is described in detail in
30 aforementioned U.S. Patent No. 5,109,390. _ _

When searcher 10 detects a pilot signal with energy above a
predetermined threshold value, mobile station 2 enters the Sync channel
acquisition substate and attempts acquisition of the Sync channel. Typically,
the Sync channel as broadcast by the base stations includes basic system

35 information such as the system identification (SID) and the network
identification (NID), but most importantly provides. timing information to
mobile station 2. Mobile station 2 adjusts its timing in accordance with the
Sync channel information and then enters the mobile station idle state.
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det ai | ed descthLg n set forth bel ow when taken in conjunction wth the

drawi ngs in whic | ke reference characters i dentify correspondi ngl
throughout and wher Beferring to FIG. dy dn thesexemplary embpdiment dasebstations

station comppunpeRERtGrd i) NGHBROBIST SBASECratsrAit P UB RlobiRS Statid | 2NSit
should be noted that the present invention is equally applicable to the case
where some of the base stations in the neighbor list are not controlled by the
same the base station controller (BSC) 32. Base station controller 32 is
responsible for providing information between the base stations 26a-260, for
25 selectively providing information from a main telephone switching office
(MTSO) (not shown) to base stations 26a-260 and for providing the base
stations 26a-260 with internally generated messages.

If the pilot signal acquired was transmitted by base station 26a, after
receiving the overhead information, mobile station 2 may register with base
30 station 26a by transmitting its mobile identification number (MIN) to base
station 26a. Mobile station 2 then enters the idle state and monitors its
allocated paging channel in the slotted paging mode after successful
registration with base station 26a. If registration is not performed, the
mobile station also enters the idle state and monitors, in the slotted paging

35 mode, its allocated paging channel which is transmitted by base station 26a.
In slotted paging mode, base station 26a transmits any paging or
signaling information directed to mobile station 2 at predetermined time
intervals called time slots. In the exemplary embodiment, the time slots
and paging channel are determined in accordance with a hashing function
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When mobxle station 2 originates a call, message generator 20

generates an origination message and transmits that message on the access
 channel. Message generator 20 can be implemented in a microprocessor
programmed to carry out the functions described. Although illustrated as a
20 separate element message generator 20 could be implemented within
control processor 18. That méssage is received and demodulated by base
station 26a which the mobile station is currently monitoring. In response to
receiving the origination message, each of the base stations in LIST_BASE
26a-26i transmits a channel assignment message indicating a traffic channel
25 upon which communications will be conducted. It should be noted that
typically the Walsh channel used for communications with a first base
station in LIST_BASE will not be the same Walsh channel used for
communications with a second base station in LIST_BASE. Because a
plurality of base stations are sending the channel assignment message, the
30 mobile station 2 is free to perform an idle handoff while in the System
Access state and after sending the origination message to any base station
which is in LIST_BASE and still be able to receive the channel assignment
message. '
In an alternative embodiment, mobile station 2 sends the origination
35 message to base station 26a and then waits for an acknowledgment of the
origination message. Until the mobile station receives the
acknowledgment, the mobile station is not permitted to perform a handoff.
However, after the mobile station receives the acknowledgment, the mobile
station is free to perform an idle handoff to any base station in LIST_BASE.
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also indicates the traffic channel to be used for communications with all

20 base stations in LIST_BASE. This would require the base stations 26a-26i in
LIST_BASE communicate the available traffic channels through base station

controller 32. By providing channel assignment messages from a plurality
of base stations, the success rate of the channel assignment process is greatly
enhanced.

25 The above process permits the infrastructure to set up soft handoff
and include more than one member of the Active Set in the Channel
Assignment Message. Instead of first communicating with one base station
and then moving into soft hand-off, it is thus possible for mobile station 2 to
come up immediately in a soft handoff state and immediately receive traffic

30 communication from two or more base stations. This speeds up the process
of getting mobile station 2 into soft handoff, which improves performance
of the system and minimizes call drops due to a low forward traffic channel
signal to noise ratio.

In one embodiment of this process, the base station sets up soft

35 handoff with all base stations in LIST_BASE. In an alternative embodiment
of this process, the base station sets up soft handoff with a subset of base
stations in LIST_BASE and sends the information in the channel
assignment message necessary for mobile station 2 to enter into soft handoff.
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20 In a preferred embodiment, LIST_BASE is not provided:separately
from the Neighbor List Message, but rather an indication is- provided
indicating which members of the neighbor list:(NGHBR_LIST_BASE) are
members of LIST_BASE along with the Neighbor List Message. In the
exemplary embodiment, one of the reserved values in the overhead

25 message is used to indicate which of the systems specified in the Neighbor
List Message are in LIST_BASE." In the exemplary embodiment of an
IS-95-A base station, the reserved values in the overhead message used to
specify the members of LIST_BASE are NGHBR_CONFIG values in the
Neighbor List Message.

30 - In the exemplary embodiment, the IS-95-A Neighbor List
Message__includes the pilot PN offsets for base stations in the
NGHBR_LIST_BASE and an indication of which base stations in the
Neighbor List Message are in LIST_BASE. The pilot PN sequence for the
current base station is transmitted to provide a reference for mobile station 2

35 with which it can use to identify the other base station PN offsets.

As described above, all base stations in LIST_BASE would be required
to send channel assignment messages to mobile station 2. While this would
permit mobile station 2 to handoff and thus increase the success rate of the
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20 embodiment, LIST_MOBILE is included in the origination message.

In another embodiment, LIST_MOBILE is received by more than one
of base stations 26a-260. LIST_MOBILE is provided to base station
controller 32. In the preferred embodiment, the threshold used by mobile
station 2 to determine whether to include a base station in LIST_MOBILE is

25 sent as part of the overhead messages by base stations 26a-260. In the
preferred embodiment, this threshold could be the T_ADD value sent in the
IS-95-A System Parameter Message. This T_ADD value is currently used by
the 1S-95-A mobile stations to determine whether to send the IS-95-A Pilot
Strength Measurement Message on the traffic channel to the base station

30 indicating that the mobile station has detected a pilot exceeding T_ADD.

FIG 3. illustrates the E./Ip for the IS-95-A pilot channel broadcast by
base stations 26a and 26b as mobile station 2 moves away from base station
26a towards base station 26b. When mobile station 2 is fully within the
coverage of base station 26a as indicated by region 38, the pilot channel of

35 Dbase station 26b is below the T_ADD level. Similarly, when mobile station 2
is fully within the coverage of base station 26b as indicated by region 41, the
pilot channel of base station 26a is below the T_ADD level. When mobile
station 2 is in region 38, it does not report, in the origination message, base




WO 97/ 47154 PCT/ US97/ 09903 -
11 woondnsnot her alternative enbodi ment, nobile stat peprdongyegs the
origination nessage using the procedures descrl bed in I S-95-A as descri bed
in detail in copend| ng U.S. Patent Applicktion Serial No. 08/412, 648,

titled il ed. Marc 2, 1994 assi nedto
:gs: gnge 5 St Bﬁje 5:\5%}%?3 ﬁ(/e:mig%nmﬁﬁiel dt€ ?a“?e‘a ’Eﬁg’?’éf@r égé’@:ﬁe‘ﬂ@t n.
I f an ageport ind ptigination message, sbrsiatltm%ast ation 26a within a
predetermined ti Wheh mobiletstatiBR 899 ih Ge icﬁ{ b@ntné”'gﬂﬁﬁﬁgﬁg'ﬂ;? %@Ffﬁ‘mbl o

power and atterrpts to send the nessage ag
to receive #0PasRheve dueR andoﬂaqaay&hétatmn Xeporist26b i the toxi nalﬂiifber

10 of a3 epmissagel dS@jilﬁIab?f WhER hibBilé %Ehtl&ﬁ&%%ﬁ%gﬂﬁ %;frthﬁgﬁgm{c %ﬁ@ br |

Stat! on 26bPAALORL26a i abOYE Tom Ll BndcHHe, MoV safiani taport 2eyan the
I n one enbodnm&honantessdgd:als'ﬂletlgtefmedl @mbba'ﬁ]}?ASEuiésaﬁél ]Ea% glven in
i cat | I0BTA" S BN Bltabrls! BB O, plBmatfyd Lmeasussief wignal
enbodi nment , suangth)br lszgrmlﬁtoalmee s'aﬁﬁawhfnh are WeHTkiASh mrﬁﬁsﬂtta%etaé’% all

I dent i call CE@BHEA blessi gnment  Message that indicates not only the
channel use for comunications with that particul ar base station but

al so |nd| cates t ke the grreferred embodimente mekile statioro2wonlkhbe pesmiited tal |

20 base st pbifoff R idISTBASGH bRl t¥aHbse ’Bigé"s?ﬂu;ﬂ’{ %iﬁhsfr%"r g)gggg 261
: LISTPBA IabIeIraf I.c channe ou e

Is'? ation jﬁﬁii-ggégsgéaﬁ}i‘ﬁrsﬁgp Age stations indot ASTeBOIFds Fhism a

plurality has tivobadearsthges.o Birst] ke Suﬁam_f_ﬁxﬁfeen@éd td}ﬂ chaanghe @?Aﬂﬁ][ent
e ss permts the

process jss Hlsitbens MBMBIRANCES hace oI AIRNE, PLOCES SRERY L e
of the Acti #®psssiblencandidatesnior|an 1dleAbangnffeandwwm§;ehe Imebiadstafiofi #sst

communi cati ﬁsrrmttéa ®%aREBEr STRIS Bthe sep 8 babl St B%il 0 4 1351 BARALO T
it is thus 55|b]1éle for, ety i

at |
sof t handof 3fﬁf‘lflﬁﬂ’éh}'a’f uce, g’&% a@téﬁflf’aﬁ |@e§9gl%rﬁhﬂhl Eaf@%qud -om -
two or nor eSéawe, HIST] MOBIIE prosikesdts lispof pilopy SS@SST_ADDf tolbidel statiBRbi | e

stationagd i psrSAbS éfn%fléh fﬂ@llrﬁﬂsi tRe 0%{-3%&%&&8{@”& 5§ identify which base

stations should be a member of the mobile station’s Active Set. Thus, if the
base station controller 32 desires to set up soft handoff when the mobile
station is assigned to a traffic channel, it only needs to set up soft handoff
with those base stations in LIST_MOBILE.

25 In an alternative: embodiment, mobile station 2 sends to the base
station in its origination message those base stations in LIST BOTH. This
reduces the amount of information which needs to be sent from mobile
station 2.

' Furthermore, it permits the infrastructure to set up soft handoff and

30 include more than one member of the Active Set in the Channel
Assignment Message. The Channel Assignment Message would include the
pilot PN offsets of base stations which are in the Active Set. It is possible for
‘the mobile station 2 to come up immediately in a soft handoff state and
immediately receive traffic communication from two or more base stations,

35 instead of first communicating with one base station and ther moving into
soft hand-off which may not be possible due to capacity or other limitations.

For example, if mobile station 2 is in cell 36a near the boundary with
cell 36b at location 37 as shown in FIG. 2, then LIST_MOBILE will identify
the pilot PN offsets of base station 26b. The channel assignment message



of 't he system and mnim zes call drops due to a Iowforward traffic channel

signal to neio3@M4aTEs4i O. I n one enmbodi ment of this prBGE@@”’Q’H@?
base station sets up soft 35 handoff with aié base stations in LISTBASE. In
an alternative enbodi nent of this procesSs, the base station sets up
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6 to receiver rg ngr {fﬁc %e‘g‘g?lcﬁgﬁq%d(?n ﬁsg\ ol ,?s % dﬂggigﬂmxﬁ?‘%

anpl i fi ed. Thedemodutatovs rmedzmwdh@chramm@ulaam tbe trafft;e n?baunalt signals

12a-12j which r n . 0
accor dance w ttgg‘l%r%ﬁor rratezhlyI ﬁh@?rsggrrtsbsfggc er Wﬁé Tﬁé Héﬁ{odulateq 9, §w1118bé
channel or chaprestided natdiNgrsitye coambiney, 34 F%t'@et ¥ﬁ§e P’%ﬁ'@l’ﬁ 49

palgl ng Chgi}@el xzéﬂ{.ae ahrhrﬁﬁﬁ)\@ﬂ?@sﬁxﬁﬁtﬁ ﬁfdn%mﬂsmma d&tfa 12j ] momttolr
only one base statl rc N unct i ntro
processor 18 deter nfﬁ%’é? ?ﬁ%tseverala‘ﬁ%teﬁe* Bigs &VIuif P QEE'?W& t?‘?hgﬁesent
control proc esmlénhanha'ﬁhé ffizst is thait rmdbilatsatioh &ymayt notl berdidiverd: to lperform
received si gn:%‘ @i@gh ?ffhﬁhn'?aﬁe e]c\'i_ive%t e O&kr{aﬁﬂ%g bigh e, Sﬁéﬁé&'ﬂtt@d

will receive nmessa ase St at |o
nobi | e stati onmzssa'ga‘ oethe tmpaautcfpmraqewmg the acmwlﬁctgmnm has gxpiredsyEhism

access stagg. _’Ftoagg g?&hféj isBRibn 2TRPirkbEeive thet Qékr%’w?edﬁiﬂéﬁ@ k6 % laclase

TRICEREO i T T W R L
from the Nei g&tbﬁbnhs skndirgsitg accdsstchaninkk prabes tolgenerate the agknowdedgment
rather than the acknowledgment being generated by base station controller

32. This has the advantage of reducing delay, thus making the call setup

20 process faster. Furthermore, if mobile station 2 is in the System Access State

and does ‘perform an idle handoff after the acknowledgment timeout has

expired, mobile station 2 must restart the Access Channel probe

transmission procedures. This would be the same as if mobile station 2

transmitted a new origination message.

25 In an alternative embodiment, mobile station 2 may perform the idle
handoff to base stations in LIST BASE ' before receiving the
acknowledgment. However, this means that all base stations in LIST_BASE
would need to send the acknowledgment and thus base station controller 32
would need to be involved in generating the acknowledgments. In an

30 modification of this alternative embodiment, the mobile station 2 may
perform the idle handoff to base stations in LIST_MOBILE before receiving
the acknowledgment. Similarly, this means that all base stations in
LIST_MOBILE would need to send the acknowledgment and thus base
station controller 32 would need to be involved in generating the

35 acknowledgments.

In a preferred embodiment, the present invention provides for the
contingency that the channel assignment message was transmitted by base
station 26a but not received by mobile station 2. Base station 26a may have
received the Origination Message, from mobile station 2, but mobile
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menber s owo97HFBASE al ong with the Nei ghbor List Message. |pct/897/09903
exenpl ary enbodi nent, one of the reserved values in the overhead 25
nmessage i s used to indicate which of the ]@stems specified in the Nei ghbor
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speci fy t headknowledging themepeipt afd N@B&ﬂ"@@m Mesaagce&om hase statiotN@6ghbor

hg?;hgfﬁfsﬁflgveﬂoabsentgecel rr?flthees tr?gn ot PN off ef bﬂé Egdsfieéls%g?é ns
in the %’%%Mg for g E’IGn a5e stptiom 26b, ~se stations in the
Nei ghbor 5Li st NES&aeeta&fdh 2617 hiaSHBé\SEnd thd Channel %‘%ﬁﬁﬁn

current base tlon is t gﬁ g{;gw de.a referen for J{ﬁ%e to

station 2 3MORNE KSREOL, % tht PR e of%e‘?et’?&éséngf‘&gl o‘ihePN
of fsets. Originations Measagbed ahovetheal d_axdmpkaryt a¢mbodiment | SVBeRE woul d

be required,, ' e .obil e statipn 2.
Wi | e i o aekpopRedilint ifeiape i SHE R indERABHCGE iR Toelire” s Aok
t he successa¢ @vlﬁdgqqle accomppapiesy/ it.71 9Mobile station 2 lgnores the Channel

PCT/ US9'4p09Adgignment Message unless the indicator correspon 9(13 e m Qa{:ﬁl%ht]y
assi gnment proc ss,. i1, reﬁﬁ annel ~capacity fo

I res I tional Pagi ng
al | call sefgffsOrigination ﬂsma?ﬂeaﬂ%%mom‘m%orprm@ms esevigral mylsdo
reduce tge torrect this prbblem. AR@bviowhonsds t¢ haveithy ba’ﬁc(aj stativly QGg%le't?:e
station 2 s t, QV redeter m ned power
t hr eshol d. eaaéﬁ}%%lgﬁgﬁéglﬁr@g&tgﬂggﬂf !5‘58‘ 51'1_5"&%5@3833% 1§ %wed
embodi ment , bsdzascrﬁango @éaodlhist ganpbe cdong dnyalpassing the racknomveliedgemere to

t he PN fs t S a S f
of f set sqgjf g{ggﬂi%ra??gﬂ? ?rno"‘rﬁ B%%"%tdéi_lb I{BIESGELH%&;%%““OII ?3# g@%@%ﬁnce Wi t h

t he renai ni ﬁt@ ion 6‘P‘F§8 er 3z. nit RPgaktemative, embedimenty pbilp; stationed can
prioritizatsp handataingesh i deckle prblos afMiNre@ives YhS. ChannbrRt £Nighthent

5,267, 261. Message and tune to the channel specified by the Channel Assignment
Message. _ _
20 In an xmproved embodiment, the Paging Channel configuration of all

base stations to which mobile station 2 is allowed to handoff (base stations in
LIST_BASE) are the same. Base stations not ‘supporting these capabilities
would not be included in LIST_BASE. .
The above scheme can also be used to support Priority Access and
25 Channel Allocation (PACA). The PACA feature is well known in the art
and is described: in detail in “TIA/EIA/IS-53-A Cellular Features
Description”. When ' PACA is invoked, mobile station 2 is given priority
over other mobile stations in obtaining a Traffic Channel when a Traffic
Channel is not available. Specifically, mobile station 2 sends an Origination
30 Message containing the PACA feature code and the dialed number. If a
Traffic Channel is immediately available, mobile station 2 is assigned to the
Traffic Channel. If a Traffic Channel is not immediately  available and
mobile station 2 is authorized to use PACA, the base station monitoring
mobile station 2, say base station 26a, places mobile station 2's request into a
35 PACA queue. Alternatively, this PACA queue can be managed by base
station controller 32. The position in the queue depends upon the priority
of the PACA request and the age of the request.. When a Traffic Channel
becomes available, the request at the head of the PACA queue is assigned to
the Traffic Channel.



I n-the éxenplary enbodi nent, searcher 10 denodul ates the received
signals in WQ8TEMMe With a pilot PN offset and neasures therﬂéqwm"'t he
denodul ated pilot. The energy val ues -are prqgwi ded to control processor 18.
15 Control processor 18 conpares the energy of the denodul ated signal with
a threshol d val Whélﬁdﬂ@@rﬁibbﬂé ﬁatmt 26 réhest fis €iins anRACDA eewé;omblle
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send the | P5bétWetrbase stafionsngAhsddonducensideratiors agitho@DMA is idti mobile
channel 2 ne g 5\ e o URER o kRSP g BB o
E[err]/I[err] ffmafﬁdw@haméﬁ Dinjesdsotesomacasearehavaitahle tinosnultipld dmee staticnsno
26a and 26b asg Pb%@%@ﬂ%ﬂe exﬂvﬁié?r ﬁ&%@éﬁfceﬁ%f%‘i' on 262

t owar ds base - sta e_stat ‘Wi thin _the

coverage of base st Withn "Q'Gané\%d’ihﬁél Qxiginatien Messages deserabed | ahovien amediile
of 35 base afstétfbr?@ ih8idagésOWwthee Pa¥eDstationk. whiith | §lidJl‘ﬂd Ve in Mete: | fobile

station 2 fuIIy he covera of. bage stati b.,as. indi gat ed
by region 41, 15 10n’s ﬁ#“l"&@%hﬁ}ﬁ@ gsséaté?%ﬁ THmo¥ “f GWﬁv er"ém"l'(é
level . When noldetected strongf pilot slgmalsn Jre gnener@bpdimerbe motbsile segtion ;2 sends

the originatio 4 .
PCT/ LS9 Y/ 0990311§?51@ﬁ9§n,é’aa§1%1 the base ¥afléh*ditmines LIST, BOTH. _In another

26b. Sinilarlyemprdimens; | mahilp  gation; 2 sande gLER_BOTH: do“ébiSncHermlts the
20 infrastructure to determine whether resources are free in all base stations

needed for the PACA call. In order to reduce the rate of sending the

Origination Message, the base stations in LIST_BOTH are those which the

mobile station can move without having to resend the Origination Message.

When this feature is invoked, the infrastructure needs to send the queue
25 status information in all base stations in LIST_BOTH. If mobile station 2
moves out of the coverage of the base stations in LIST_BOTH, mobile
station 2 resends the Origination Message.
The previous description of the preferred embodiments is provided
to enable any person skilled in the art to make or use the present invention.
30 The various modifications to these embodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of the inventive faculty.
Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent
35 with the principles and novel features disclosed herein.

I CLAIM:
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soft handoff when the nobil e station is assigne tra ‘channel ,
it only needs to set up soft handoff with those base stations in
LI ST_MOBI LE. 25 In an alternative enbodi nent, nobile station 2 sends

to the base StatI'Oﬂ_l_n“l—t“S*Ofl—g-l—HﬂH—On message those base stations in

LI ST BOTH. This t of informati on which needs to be
sent from nobile %Cﬁeet eBeenniPe P Furthernmore, it permits the
infrastructure to set ummﬂ mm; and 30 include nore than one nenber
of the Active Set in th Assi gnnent Message. The Channel

Assi gnment Message woul d i nclude the pil ot PN offsets of base stations
which are in the Active Set. It is possible for ~ the nobile station 2 to
conme up immediately in a soft handoff state and i mredi ately receive
traffic conmunication fromtw or nore base stations, 35 instead of first
communi cating with one base station and then noving into soft hand- of f

whi ch- may . not be possible due to capacity or other limtations.



For -exanple, if nobile station 2 is in cell 36a near the boundary with
cell 36b at lwostamss 37 as shown in FIG 2, then LI STMOBI LE wi [PCTrulsnodshy
the pilot PN offsets of base station 26b The channel assignnent nessage
WO 97/ 47154 PCT/ US97/ 09903
15 that will transnmitted by both bagg station 26a and 26b will identify
atraffic channel for use by nobile station 2 for dedicated
conmmruni cat i ons bet ween base stations 26a and 26b and nobile station 2.
At | east one of denodul ators 12a-12j) will be tuned to receive traffic
channel information frombase 5 stations 26a and anot her one of
denodul ators 12a-12] wll be tuned to receive traffic channe
information frombase stations 26b. A plurality of denodul ators 12a- 12
wi || begin denodul ating tkRe 3 hasret—s)i gnal s transmtted by base
stations 26a and 26b. TheNMdf eI u&ated S|gnals wll be provided to
di versity conbi ner 34 whi c @0 gnes the recej ved S|gnals to 10 provide an
i nproved estimate of the trqhem €t ed_data + vera
ot her itenms which are inportg&niato Lk
that nobile station nay._not be- ai he i dl & handof f
until it receives thg acknow edgnent to.a trlansm ttdd np&saglg or the
ti meout for receiying e aaknogy edgnenﬂ§
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'§s t he QK st ation [

probes. It also p
station is sendingjf access nel pro generfdtte ¢

rat her than the ac edgne 1 ng gener [ by base sfation c.ntrol
32. This has the advant age 6 r=ducingj§k+a3, t hus i tt],,- | set 2
process faster. Sgbrhernnre; if nobile Btation 2 i1 n the SyStem AccessS

State and do performan idle handoff after the acknow edgnent- ti nmeout
has expired, nmobile station 2 nust restart the Access Channel probe
transm ssion procedures. This would be the sanme as if nobile station 2
transmtted a new originati on- nessage. 25 In an alternative,

enbodi nent, nobile station 2 may performthe idle
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handoff to base stations in LISTBASE before receiving the .
acknow edggpg7idgwever, this means that all base stations ipCruSITiédss
woul d need to send the acknow edgnent and thus base station controller 32
woul d need to be involved in generating the acknow edgnents. In an 30
nodi fication of this alternative enmbodinment, the mobile station 2 may
performthe idl e handoff to base stations in LI ST_MOBILE before receiving
the acknow edgment. Similarly, this nmeans @t all base stations in

LI ST_MOBI LE woul d need to send the acknow edgnent and thus base station
controller 32 would need to be involved in generating the 35

acknow edgnents. In a preferred enbodi nent, the present invention
provi des for the contingency that the channel assignnment nmessage was
transmtted by base station 26a but not received by nobile station 2.
Base station 26a may have = received the Cxlglnatlon Message, from nobile
station 2, but nobile WO 97/ 47154

PCT/ US97/ 09903 16 station 2 may
not have received the channel assignnment nessage acknow edgi ng the

recei pt of the Origination Message fra
recei pt of the acknow edgnent nessage/
i dl e handoff to, for exanple, base
may be sendi ng the Channel 7
while the nobile station 2 j
In the exenplary enbodipge t orftedgmeNt nmessage is sent,
an indication of which nes . e ‘omkédaeu :cconpanles it.
Mobil e station 2 ignores tf gh Nbssale unl ess the
i ndi cator corresponds to the P
The present

e\r ebs‘é‘d/

76t ation 26a. Even absent

i 2 may performthe
Base station 26b

mbil e station 2,

Ar\gi nation Message.

ect this probl em An
same acknow edgnent
by base station

FIG. 2



15- kndicator values from base station 26a to base station 26b through base
station controller 32. In an alternative enbodi nent, nobile station 2 can

stop transniifdmean access probe if it receives the Channel paaiigses
Message and tune to the channel specified bygie Channel Assignnent

Message. 20 In an i nproved enbodi nent, the Pagi ng Channel
configuration of all base stations to which nobile station 2 is allowed
to handoff (base stations in LI STBASE) are the sane. Base stations not
supporting these capabilities woul d not be included in LIST_BASE.

The above schenme can al so be used to support. Priority Access and 25

Channel Allocation (PACA). The PACA feature is well known in the art

and is described in detail in "TIAE A 1S 53-A Cellular Features
Description”. When PACA is invoked, nobile stati@1 2 is given priority

over other nobile stations in obtaining a Traffi & Channel when a Traffic
Channel is not available. Specifically, nobile skation 2 sends an
Origination 30 Message containing ghe PACA feat xe code and the dialed
nunber. If a Traffic Channel is]immedi ately &vail able, nobi®e SBagion 2

is assigned to th If a Trafffic Channel is'§ g ©
i medi ately avail i sffation 2 isj auighori zed t en@CA,
t he base station nitoring nmobj | ef station 2,| say base statgod 8%
pl aces nobile stati\on 2's request i a 35 PACA qudue. Alterngti g
t hi s PACA queue can\ be managed by bps stati cqgntroller NiBew
position in the quege depends upon thg priority f the CA=r &t and
the age of the requast. Wien a Traffifc Channel becoaes avai.Laglg. 9t he
request at the head pf the PACA que is assigned tow the Trg¥ igo
Channel . WO 97/ A7154 o®
PCT/ US97/ 09903 _ 17 When t he
nobi l e station 2's reduest is in a [PACA queue, nopil € stati®@n may be
sent periodic nessages\informng thbguser of oohile station@28a8 the
queue status. One issu that the inffastifucture gggg
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needs to know the cell which nobile station 2 is g
_tO 5 deternine whether the channel s free. m‘m gw gsﬁcbg

nplies that nobile station 2 must’ rggoi ster or resend the Olﬁﬁ}z
Message mMUIlllLlllllllmJIMl le station 2 perforns an JP d o~
t he abru sitions between CDVA base | ons nobi | e
‘station 2 may regl tef of resemmé}igi nati on Message several tines
whil e crossing the boundary 10 be se stations. A second
consideration with COVA is-that nobile station 2 may need to be pl aced
into soft handoff soon after it is assi gned to a Traffic Channel.

Unl ess resourceg are ,avai.l ] b[ﬁ_?e statlons to. . support the
call, the assi ghment ¢ 1 2 mobile communicatiop systesn

Oiginati ogﬂg/lessa descr| bed above m)bl le 15 station 2 indicates other
€;

base stéti t romvumisation device) including asmobile stationcfis)eapable ofhe

set of base.stations fromwhich nobile station 2 has detected strong

pi | ot si gneommunicating vithi gepluralitpiofe[secendocomnvenitation devicesMBaka E
.and the base station determ nes LIST BOTH. I n anot her enbodi nent ,

nobi | e 4t agtations, mﬂmmmgamsﬁm&&wdg@%qm%&to |

determ ne whether resources are free n all base stations “needed for
Nossage, Lo s ISR oAt Eoh erRen Bue Salilg %ﬁrﬁ?—@&%’%@#“
Message, the base statlons in LI ST_BOTH ar’e ose I'C

statiorg Ca[toﬁ’%ﬂsﬂg ng to resend the Oigination Message..

this feature I's I nvoked, the infrastructure needs to send the queue 25
stat us i nformat gQReid ﬂtb;t‘ﬁ i%gf ?aid

noves out of the cover ag% qﬁ ase statlons |%®W¢?§b%€e@a
statior 2 ) The evi

descri p%ti S ﬁ@n@gﬁm n Qi gﬂ@ﬂﬁﬂﬁﬁ%
person skilked in t ke or use the resent Vent’dﬁp The
those skilled in the ar nﬁthe gener‘c r Clp s defined hereln may ‘be
appl i t oCFRRHIICAt Ffﬁm M fommyunication device '

vari ous NnoMrrreatre
Thus, the present |nvent|on |s not |ntended tQ be limted.to the-
embodi rrentmmg SIRGLE Hy:%: hé@doffh@\dﬂdest scope consi stent

35 with the pr| nci pl es and novel features di scl osed herein. | CLAI M
12 transmitting a2 channel assignment message from [each of said second

conununication devices] atleastoneofsaxdgnmhg_qf_hag_gmmsmdhst
14 of [second communication devices] base stations to sais
| perfornunganldlehandoﬁofsaldmobﬂestahonﬁomaﬁrstbasesﬁnonﬁoa
16 second base station, said idle handoff occurring during said mobile's access of
said mobile communication system.
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..CLAI M5 (Amended) A net hod used rmbl I
comuni cation system éuv\herel n first comunic a @1 99033

- tobi l e stati ﬂ:ﬂ“jﬁ"lﬂ Et“ .communi cating wit h a uraI i
[ second co or.

base 4 jigtations, smﬁo?’
providing a channel a55|gnnent nessage to [for] one sai d [second
conmuni cati on devi ces] base stations and characterized by 6 [conprising

communi 6at | on Zevi o Sethod IR bh By § %gka'é'egifﬂaﬁ?ﬁ&f?%&sa? o
QIg{%ncﬁéﬁ?ﬁ%géi%gﬁé%%‘%%é@?" B W et an v 36 eaior B e et

devi ces], base sta.t on v\lm ch S d first cq ni c t on deV| ce] '
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