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ENHANCED SLEEP MODE. | N RADI CXZOVNUNI CATI O\I SYSTENB thofy 22 m,s
Th&: di scl osure of U.S. Patent Application No. 08/147,254 entitled "A
Met hod for Communicating in a Wtel ess Communi cati on Systent', filed on
NO\Lerrt_)er 1, 1993, is incorporated in this application by reference.

ENHANCED SLEEP MODE IN R4DIOCOMMUNICATION SYSTEMS

" The disclosure of U.S. Patent Applicaion No. 08/147,254 entitled "A
Method for Communicating in a Wireless Communication System”, filed on
November 1, 1993, is incorporated in this application by reference.

’ - . BACKGROUND
5 ' Applicant’s invention relates generally to radiccommunication systems
and more particularly to radiocommunication systems in which evaluations of
| remote unit servers for potential control channel reselection are performed.
; " The growth of commercial radiocommunications and, in particular,
the e'xplosive 'gréwth of cellular m’di_'o;elephohe systems have compelled
10 - 'system designers to search for ways to increase system capacity without
reducing communication quality beyond consumer tolerance thresholds. One
way 10 increase capacity is to use digital communication and multiple access
techniques such as TDMA, in which several users are assigned respective

_.
radr -

time slots on a single radio carrier frequency.
15 ~ In North America, these features are currently provided by a digital
cellular radiotelephone system called the digital advanced mobile phone
service (D-AMPS), some of the characteristics of which are specified in the
g interim standard 1S-54B, "Dual-Mode Mobile Station-Base Station |
} Compatibility Standard®, published by the Electronic Industries Association
3 ,20’ B ‘and Telecommunications Industry Assodatio_n (EIA/TTA). Because of a
large existing consumer base of equipment operating only in the analog .
domain with frequency-division multiple access (FDMA), IS-54B is a dual-
mode (analog and digital) standard, providing for analog compatibility in e
. tandem with digital communjcation capability. For example, the IS-54B -
25 standard provides for both FDMA anzlog voice channels (AVC) and TDMA
digital traffic channels (DTC), and the system operator can dynamically
replace one type with the other to accommodate fluctuating traffic patterns
among analog and digital users. The AVCs and DTCs are implemented by
_ frequency modulating radio carrier signals, which have frequencies near 800
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way to increas mwis to use digital conmunication and nmultiple

access  Ina TDMA céll‘ﬁ%%&hl&fepﬁ&fé"sﬁ&ﬂ% ridio thiutel 3ever al
users are assigned respective time slots on a single
radi o carrier, divideddnioya series of time slots, each of which contams larbusktr afh Aneri ca,

thesg features, gre current |yl Q0:ded £ s % ikdty'@koded portion of a voice
 conversation. The time slots are grouped into successive TDMA frames.
‘having a predetermined duration. The number of time slots in each TDMA
frame is related 1o the number of different users that can simuitaneously
share the radio channel. If each slot ina TDMA frame is assigned to a
10 - different user, the duration of a TDMA frame is the minimum amount of
time between .successive time slots assigned to the same user.
The successive time slots assigned to the same user, which are
usually not consecutive time slots on the radio carrier, constitute the user's
_ digital waffic channel, which may be considered a logical channel assigned to
15 the user. As described in more detail below, digital control channels
(MCCs) can also be provided for communicating control signals, and such a
DCC is a logical chahnel formed by a succession of usually non-consecutive
time slots on the radio carrier.
According to IS-54B, each TDMA frame consists of six consecutive
20 time slots and has a duration of 40 milliseconds (msec). Thus, each radio
channel can carry from three to six DTCs (e.g., three to six telephone
conversations), depending on the source rates of the speech coder/decoders
(codecs) used to digitally encode the conversations. Such speech codecs can
operate at either full-rate or half-rate, with full-rate codecs being expected to
25 be used until half-rate codecs that produce acceptable speech quality are
developed. A full-rate DTC requires twice as many time slots in a given
time period as a half-rate DTC, and in IS-54B, each radio channel can carry
up to three full-rate DTCs or up to six halferate DTCs. Each fuil-rate DTC
_ uses two slots of each TDMA frame, i.e., the first and fourth, second and
30 fifth, or third and sixth of a TDMA frame’s six slots. Each half-rate DTC,
uses one time slot of each TDMA frame. During each DTC time slot, 324
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and-burst, or discontinuous-transmission, mode: each mobile station
transmits (ahd-receives) only during its.assigned time slots. At full rate, for
example, a mobile statiotx might transmit during slot 1, receive during slot 2,
jdle during slot 3, transmit during slot 4, receive during slot §, and idle
10 during slot 6, and t_hetx_ repeat the cycle. during succeeding_ TDMA frames.

- Therefore, the mobile station, which may be battery-powered, can be
switched off, or sleep, to save power during the time slots when it is neither
transmitting nor receiving. In the IS-54B system in which the mobile does
not transmit and receive simultaneously, 2 mobile can sleep for periods of at

15 most about 27 msec (four slots) for a half-rate DTC and about 7 msec (one

siot) for a full-rate DTC.
In addition to voice or traffic channels, cellular radiocommunication

interimstandard | S-54B, "Dual - Mode Mbbile Stati on-ﬁ!,m
A ec

systems ais_o provide paging/access, or control, channels for carrying call-
setup messages between base stations and mobile stations. According to
20 IS-54B, for example, there are twenty-one dedicated analog control channels
(ACCs), which have predetermined fixed frequencies located near 800 MHz.
Two frequency bands, each about 25-MHz wide .(the A- and B-bands), are
provided for transmission and reception. The AVCs and DTCs are also
located within the A- and B-bands. Since these ACCs are always found at
25 .,  the same frequencies, they can be readily located and monitored by the
‘ ‘mobile stations. | |
It will be uhderstood that a communication system that uses ACCs
has a number of deficiencies. For example, the format of the forward
analog control channel specified in IS-54B is largely inflexible and not
30 conducive to the objectives of modern cellular telephony, including the
| extension of mobile station battery life. In particular, the time interval
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'between transmission of certain broadcast messages is fixed and the order in

which messages are handled is also rigid. Also, mobile stations are required
to re-read messages that may not have changed, wasting battery power.
These deficiencies can be remedied by providing a DCC, one example of
which is described in U.S. Patent Application No. 07/956,640 entitled
*Digital Control Channel”, which was filed on October S, 1992, and which
is incorporated in this application by reference. Using such DCCs, each IS-

- 54B radio channel can carry DTCs only, DCCs only, or a mixture of both

DTCs and DCCs. Within the IS-54B framework each radio carrier
frequency can have up to three full-rate DTCs/DCCs or six half-rate
DTCs/DCCs, or any combination in-between, for example, one full-rate and
four half-rate DTCs/DCCs. As described in this application, 2 DCC in
accordance with Applicant’s invention provides a further increase in
functionality. . | |

In general, however, the transmission rate of the DCC need not
coincide with the half-rate and full-rate specified in IS-54B, and the length of
the DCC slots may not be uniform and may not coincide with the length of
the DTC slots. The DCC may be defined on an IS-54B radio channel and
may consist, for example, of every n-th slot in the stream of consecutive
TDMA slots. In this case, the length of each DCC slot may or may not be
equal to 6.67 msec, which is the length of a DTC slot according to IS-54B.
Alternatively (and without limitation on other possible alternatives), these

"DCC slots may be defined in other ways known to one skilled in the art.

Also, U.S. Patent Application Serial No. 07/956,640 also shows how
a DCC may be defined alongside the DTCs specified in IS-54B. For
example, 2 half-rate DCC could occupy one slot and a full-rate DCC could -
occupy two slots out of the six slots in each TDMA frame. For additional
DCC capacity, additional half-rate or full-rate DCCs could replace DTCs.
In general, the transmission rate of a DCC need not coincide with the half-
rate and full-rate specified in IS-54B, and the length of the DCC time slots
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1S-54B, and may consist, for example, of every n-th slot in a series of N
consecutive slots. Each DCC slot has 2 duration that may or may not be
6.67. msec, which is the length of a DTC slot according to. the IS-54B.
ﬁandard., The DCC slots shown in. FIG. 1 are organized into superframes
~ (SF), and each superframe includes 2 number of logical channels that carry

different kinds of information. One or more DCC slots may be allocated to
éch logical channel in the superframe. |

FIG. 1 also shows an exemplary downlink superframe, which
includes at least three logical channels: a broadcast control channel (BCCH)
including six succesSive slots for overhead messages; a paging channel
(PCH) including one slot for paging messages; and an access response
channel (ARCH) including one slot for channel assignment and other 1
mes,sages.‘ The remaining time slots in the exemplary stll.)erframe f)f PIG_.
may be dedicated 0 other logical channels, such as addmon-al pagxlng -
channels PCH or other channels. Since the number of mobile stations 1s .
usually much greater than the aumber of slots in the superframe, .each paging
slot is used. for paging several mobile stations that share some unique
characteristc, e.g., the last digit of the MIN, .

For purposes of efficient sleep mode operation and fast cell selection,
the BCCH may be divided into 2 number of sub-channels. U.S. Patent

"2 application No. 07/956,640 discloses 2 BCCH structure that allows the

mabile station to read a minimum amount of information when it is switched
oﬁ (when it locks onto & DCC) before being able o access the :f;ystem (place
or receive a call). After being switched on, an idle mobile'stanon needs to
regulaﬂy monitor only its assigned PCH slots (usually one 1 each

superframe); the mobile can sleep during other slots. The ratio of the
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the user. As described in nore detail below, digital I(i'cmt rol channel s
(DCCs) can al so be provided for conmunicating C.% ' lacedy sych a
BCC is a logical channel formed by a succession l u |Lconsecutive
time slots on the radio carrier. Accor di ach TDVA

fyame consists of six consecutive tine slots and has a duration of-40
mlliseconds (nsec). Thus, each radio- 6channel can carry fromthree to six
- DTCs (e.g., three to six tel ephone conversati

AS ) tlaép 1 t he source
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> -Sup to six urs]:rls fsﬁéﬁgedigr% a0 nhiblr 6£4igitisers should increase until
| | all of the analog voice and control channels are replaced by digital n'.a.fﬁc.
and conthl channels. When that occurs, the current dual-mode mobile .
terminals can be replacéd by less expensive digital-only mobile units, which

would be unable 1o scan the ACCs curréntly provided in the IS-54B system.

10 One conventional radiocommgnicaﬁon system used in Europ.e, kno?vn as
GSM, is already an all-digital system, in which 200-KHz-wide radio
channels are 1§cated near 900 MHz. Each GSM radio channel has a gross
dé.ta rate of 270 kilobits per second and is divided into eight full-rate traffic
¢hannels (each traffic time slot carrying 116 encrypted bits).

15 Digital control and traffic channels are also desirable for oTher "
reasons described in U.S. Patent Application No. 08/147,254, entitied -A
Meﬁxﬁd fofCommunicating’ in a Wireless Communication System", which
was filed on Novemf:er 1, 1993, and which is incorporated in this
application by referenée. For example, they support longer sleep periods for

20 the mobile units, which results in longe; battery life. Alth.ough' I.S-54.B
provides for digital wraffic channels, more flexibility is desm:.blfa in using
digital control channels having expanded functio.nality 10 opumue system
capacity and to support hijerarchical cell structures, i.e., structures of
macrocells, microcells, picocells, ewc. The term "macrocell” genex:ally refers

25 to a cell having a size comparable to the sizes of cells in a conventional

| “=¥  cellular telephone system (e.g., 3 radius of at least about 1 kilometer), and
the terms "microcell” and "picocell” generally refer to progressively smaller
cells. For example, a microcell might cover 2 public indoor or outdoor
area, e.g., a convention center or a busy street, and a picocell m.ight cover

36 an office corridor or a floor of a high-rise building. From a radio coverage

: perspective, macrocells, microcells, and picocells may be distinct from one
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another or may overlap one another to handle different traffic pattems or
radio environments. Each of these types of cells has a base station which
transmits at last one control channel. Thus, 2 number of neighboring
control channels are present for 2 mobile or remote unit to evaluate as a
-5 possible replacement for the current serving control channel to which it is

locked.

S

Accordingly, both ACCs and DCCs will be periodically evaluated by
the mobile station for p'bssible control channel reselection. Conventionally,
-for example, when in an idle state (i.e., switched on but not making or
10 receiving a call), a mobile station in an IS-54B system tunes to and then
regula.riy mbnitqrs th'e'suongest control channel.(general_ly, the control
channel of the cell in which the mobile station is located at that moment) and
may receive or initiate a call through the corresponding base station. When
moving between cells while in the idle state, the mobile station will
- 15° eventually “lose” radio connection on the control channel of the "old" cell
| and tune to the control channel of the “new” cell. The initial tuning and
" subsequent ;é-mning to control channels are both accomplished automatically
by scanning all the available control channels at their known frequencies to
find the "best” control channel. The terms "scan” or "scanning” as used in
20 this document, can refer to, for example, signal strength measurement,
actual signal decoding, or any other method of evaluating a signal.

Whe£1 a control channel with good reception quality is found, the
mobile station remains tuned to this channel until the quality deterjorates
again. In this way, mobile stations stay "in touch™ with the system. The

25 analog (non-slotted) control channels specified in IS-54B require the mobile
- stations to remain continuously (or at least 50% of the time) "awake" in the
idle state, at least to the extent that they must keep their receivers switched
‘on. Thus, these conventional systems typically evaluate candidate control
channels for reselection purposes at some predetermined, fixed intervals.
30 According to a more recent innovation in cell reselection disclosed in
U.S. Patent 5,353, 332 to Raith and Muller, each control channel in each cell
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It Ttan be seen that the TDVA cel |l ul ar system operates i

and- burst, or discontinuous-transm ssi e8,- node: each nobile stat | on
transmts (and receives) only during its assigned tine slots. At full rate,
for exanple, iacmﬁg'uredsmbrdadmstﬁrqmnzﬁoarwnutmdlpre‘sngc&sliﬁan)ﬂ. ofrathesi ve during

and i dl e dur IS0° R Hasried HEn of kos Pl oo e sinim iR Ge ot BisiRy " Town
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nei t her ‘cells is broadcast about neighboring cells. For instance, a neighboring cell
5 may. be adjacent to, overlapping, or non-contiguous from the broadcasung
cell. A mobile periodically scans during idle mode the neighboring control
channels in the coverage area that the mobile is located in to determine
which cell it should be locked to. Each control channel includes a neighbor
list. The neighbor list i&_entiﬁes other control channels which mobiles locked
10 to that control channel should periodically evéluate. Thus, a mobile may
continuously select cells to be locked to based on the existing location of the
mobile and quality criteria (e.g., received signal strength) associated with the
cells. The cell to which the mobile may be locked is the cell in which the
~ mobile satisfies the quality criteria associated with the cell.
15 While in the idle state, and in addition to evaluating control channels
as potential reselecrion candidates, a mobile station must monitor the control
channel for péging messages addressed to it. For example, when an
ordinary telephone (land-line) subscriber calls a mobile subscriber, the call is
directed from the public switched telephone network (PSTN) to a2 mobile
20 - switching center (MSC) that analyzes the dialed number. If the dialed
number is validated, the MSC requests some or all of a number of radio base
stations to page the called mobile station by transmitting over their respective
control channels paging messages that contain the mobile identification
number (MIN) of the called mobile station. Each idle mobile station .
25 _ receiving a paging message compares the received MIN with its own stored
’ MIN. The mobile station with the matching stored MIN transmits 2 page
response over the particular control channel to the base station, which
forwards the page response to the MSC. '
_ Upon receiving the page response, the MSC selects an AVC or a
30 . DTC available to the base station that received the page response, switches
ona corresponding radio transceiver in that base station, and causes that

*y
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channel s, cellul ar radi ocomunication sygtens also provide paglng/access
or control channels for carrying call- setup nessages between base
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can be readily located and nonitored by the nobile stations.
S As noted above, one of the goals of a digital cellular system is to -
increase the user’s “talk ime", i.e., the battery life of the mobile station.
To this end, U.S. Patent Application No. 07/956,640 discloses a digital
forward control channel (base station to mobile station) that can carry the
types.of messages ;péciﬁed for current analog forward control channels
10 S (FOCCs), but in a format which allows an idle mobile station to read
. overhead messages when locking onto the FOCC and thereafter only when
the information has changed; the mobile sleeps at all other tmes. In such a
system, some types of messages are broadcast by the base stations more
frequently than other types, and mobile stations need not read every message
15 broadcast. '
While the innovative system described in the aforementioned patent
application provides many benefits in terms of efficient sleep mode operation
with respect to paging, additional features may be advantageous. For
example, it would be advantageous to provide the capability to temporarily
20 reassign a mobile or remote station to a different paging class to provide the
flexibility necessary for changing system conditions in a cell specific
manner. - '

SUMMARY
Accordingly to exemplary embodiments of the present invention,

25 T mobile or other remote units are able to slesp for longer periods of time, and

battery life is extended, by optimizing the periodicity at which the remote

" unit measures control channels on a neighboring list to determine if a new

control channel should replace the serving control channel. According to

other exemplary embodiments of the present invention, a paging frame class
30 ' which has been assigned to the remote unit can be modified so that the  *
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remote unit monitors the paging channel at intervals which are more batt_ety
conservative based on current communication conditions. '

BRIEF D} ON OF -
The foregoing, and other, objects, features and advantages of the
5 _ present invention will be more readily understood upon reading the following
detailed description in conjunction with the drawings in which: '
Figure 1 depicts an exemplary forward digital control channel;
Figure 2 shows an example of a hierarchical cell structure;
Figure 3is 2 flowchart illustrating control channel measurement
10 . according to an exemplary embodiment of the present invention;
Figure 4 is an illustration of different paging frame classes;
Figure 5 depicts an exemplary SPACH header; and
Figure 6 represents a block diagram of an exemplary cellular mobile
radiotelephone system. |

5 - DETAILED DESCRIPTION
According to exemplary.embodimems of the present inveation, the
measurement periodicity for evaluating control channels for potential
reselection of the serving control channel can be optimized to increase “sleep
time" of the remote unit and extend battery life. Briefly, control channels

20 are used for setting up calls, informing the base stations about locations and

parameters associated with mobile stations, and informing the mobile stations

about locations and parameters associated with the base stations. The base
stations listen for call access requests by mobile stations and the mobile
stations in tumn listen for paging messages.

25 Future systems will employ additional cells. For example, new
systems may include any combination of macrocells, indoor microcells,
outdoor microcells; public microcells and restricted or private microcells.
new systems therefore will likely be designated to incorporate an increasing
number of control channels. Currently; there are approximately twenty-oné
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54B radi o chanr?@?ﬂgafi’?"@g“@m@?v%b& }"Bécii“’g‘?ﬂ‘é)b @gm&l}%&ﬁﬁw& e61hot h DTCs
and DCCs. Wt hijq thdEnltdd Sdded, r amewor k, each radio carrier frequency can
have up to three full-rate DTCs/DCCs, or six half-rate DICs/DCCs, or any

conbi nati on i n- bet wdSR. % israncskemplasy hismerchigal, or multidayered, cellular
system. An umbrella macrocell 10 represented by a hexagonal shape makes
S up an overlying cellular structure. Each umbrella cell may contain an
underlying microcell structure. The umbrella cell 10 includes microcell 20
represented by the area enclosed within the dotted line and microcell 30
represented by the area enclosed within the dashed line corresponding to
, areas along city streets, and picocells 40, 50, and 60, which cover individual
10 floors of a building. The intersection of the two city streets covered by the
microcells 20 and 30 may be an area of dense traffic concentration, and thus
might represent 2 hot spot.
Each of the cells illustrated in- Figure 2 will include a base station
transmitting on 4t least one control channel. Consider the remote station,
13 e.g.,a poxﬁble unit, which is travelling down the city streets and up into the
| | buiiding including picocells 40, 50, and 60. During various portions of this
transit, potentially all of the control channels associated with the umbrella
cell 10, the microcells 20 and 30 and the picocells 40, 50, and 60 may be
transmitted on the neighbor list of control channel candidates for reselection.
20 Evaluating those control channels to determine if reselection is desirable is
' performed by ha\?ing-the remote station scan those channels (e.g., measure
the received signal strength (RSS) or decode portions of the signal).
The periodicity with which 2 mobile or remote station scans the
_ control channels in the neighbor list during the idle mode can be controlled
AR according to exemplary embodiments of the present invention as follows.
. Two information elements can be transmitted on the broadcast control
channel (BCCH) for the mobile or remote unit to recejve that are related to
this scanning process. A SCANFREQ information element can be sent in
the control channel selection message on the BCCH to inform the mobile or
30 remote station about a default minimum number of signal strength |
" ‘measurements to be made per time period, for example, per superframe. *

s
o
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four .hal f-rate DTCs/DCCs. As described in this application, a DCCin _
accordance with Applicant's invention provi deshis ShesrHdsBeenReplpesdise i n :
functionality. - In general, however, the @'E Eﬂ ate of the DCC

n

need not coincide with the half-rate and full-r in 1S 54B, and
thé& l ength of the DCC slots may not be | forma may not coincide with
the I ength of the DTC slots. The DCC may-%be defined on an |S-54B radio

consecut ve TORKEBRBYSE). o geRfTale ol BY Biidsc ool g ik 0 "
may. not be equsforiratifa iemEBeC Fordicomplete disciskion @f Bupdrframed @nd| ot accor di ng

to 1S-54B. Alternatively (and without limitation on_other possible

al t er nat i ves) , hypeefeamescihesingarestaduieadar iy seferred; to M- 8¢ RaentApelicationn to one
85; |9!52d6|4(r)] ;P%% oﬁg\ﬁkﬁlﬁégc%g?/&f)eg%éﬁtng?gg%%: %@eﬁﬁ%!r@m'speci fied
in 1$5-54B. Forincludes a complete set of F-BCCH information (i.e., a set of Layer 3
messages), using as many siots as are necessary, and that each superframe
begins with 2 F-BCCH slot. After the F-BCCH slot(s), the remaining slots
in each superframe include one or more (or no) slots E-BCCH, S-BCCH and
SPACH logical channels. A hyperframe consists of two superframes. Thus,
10 the mobile station will perform a total of SCANFREQ signal strength
measurements be_r s'upérframe regardless of the size of the neighbor list.
Alternatively, SCANFREQ can indicate measurements per time interval, |
e.g., superframe, for each entry in the neighbor Iist. .
" The number of measurements made by the mobile station on each
15 control channel in the neighbor list per time interval raises an interesting
tradeoff. On the one hand, the more measurements which are made, the
more accurate the measurement information w111 be. On the other hand, the
greater the number of measurements, the greater the drain on the mobile or
remote unit’s battery. Since it may be desirable to allow the mobile to take
20 a greater or lesser number of measurements on particular control channels in
the neighbor list to finely balance these competing factors, the default
SCANFREQ frequency or rate can be modified by a second parameter,
denoted HL_FREQ, as described below. '
The HL_FREQ information element is transmitted in the neighbor
25 list. For each entry in the neighboring list there is an associated HL._FREQ
- information element. If the HL,_FREQ is set to HIGH, this particular
control channel is to be measured using the default frequency or rate defined
by the SCANFREQ parameter. If, on the other hand, the BI, FREQ
information element is set to LOW, this particular control channel can be
30 measured, for example, at half the frequency or rate required by the default
| SCANFREQ parameter. Of course those skilled in the art will recognize
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a half-rate DCC coul d occupy one sl ot and a fullT-rate DCC coul 5 7 _

occupy two slots out of the six slots in each TDWASHeEtdREBeckREnAGMI ti Onal

additional half-rate or full-rate ace DTCs. In
the transm ssion rate of a DCC need not the hal f-
r at®e andfull-rate speC|f|ed|nIS-54B and the I'€ tinme )

DCC capacity,
general ,

sl ots

10

15

20

30

LS

that the particular assignment of HIGH and LOW values of HL_FREQ to the
attributes described above is arbitrary and could be reversed.

For example, consider that the neighbor list contains 16 eatries, eigpt
of which have HL_FREQ set to HIGH and eight of which have HL, FREQ
set to LOW. If thé SCANFREQ parameter is set to be 12 measurements per
superframe, then the number of measurements for entries marked as HIGH
can be measured at 2 minimum rate of 12/16 per superframe. For entries
marked as LOW, the mobile or remote shall measure these control channels
at a minimum rai:e of (12/16)/2 per superframe. Thus, the total number of

‘measurements in this example per superframe would then be:

(12/16)*8 + ((12/16)/2)x 8 = 9
To facilitate sleep mode efficiency for the mobile or remote stations,
the basic procedure outlined above can be adjusted by the mobile or remote
station to reduce the frequency or rate of measurements required. The
following discussion describes three exemplary techniques which may be

‘used by the mobile or remote station to reduce the measurement frequency

and thereby minimize battery drain.
' The flowchart in Figure 3 illustrates three exemplary tests for
reducing the measurement frequency of control channels in the neighboring
list as a cumulative procedure such that the measurement frequency can be
cumularively reduced by some factor for each test that is validated.
However, those skilled in the art will readily. appreciate that these three tests
could be used on their own or in various combinations rather than being
cumulative as set forth in this exemplary embodiment.

At decision block 600, the first test is implemented by determining if
the current control channel has been serving the mobile or remote station for

» more than a predeterminéd period of time, for example, one hour. This test

can be used, for example, to reduce measurements when the remote station
is not moving. If so, then the flow moves to block 610 where the
measurement frequency on control channels identified by the neighbor list
can be reduced by some predetermined factor, for example, a factor of two:
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-5 need not be uniform and need not coincide with the I1—:‘r’rgth of-- the DTEE'1I3 -

tine slots. FIG 1 shows a general exanple QEw%h&PﬁﬁﬁLe

configured as a succession of tine.slots 1, 2, . . ang to

a particular DCC. These DCC slots nay be deflned on such as
t hat specified by 1S-54B, and may.consist, for exanp -th sl ot

in a series of N consecutive slots. EachlcC sl ot has a duratlon t hat may
or may not be 6.67 nsec, which is the length of a DIC sl ot according to the
| S-54B st andarlfinoff hkerDBEredustion éth therfréqueficyGmedsuzemens rigy tndicated bynthis

superfranes (S?% &E" ﬁach su erf me includes a nunber of |ogical channels
that carry dif laﬁ % ﬂ&'smm’ S8 % mati on. One or nmore DCC slots may be

allocated to The second exemplary test is based on an average received signal
strength (RSS) for the serving control channel and the control channels in the
5 neighbor list. An average received signal strength can be used 0 provide a

statistically accurate representation, as opposed to any one instantaneous.
measurement which could be skewed due to, for example, Rayleigh fading.
For the purposes of this example, assume that the mobile or remote station
keeps 2 running avemge of the last five signal strength measurements for

10 each measured freq{xency. Then, the compound test expressed by decision
block 620 and 630 is as follows. If the rate of change of the average
received signal strength on the serving channel is not less than some
predetermined threshold rate, for example, 7 dB over a previous five R
minutes, then no reduction in the measurement frequency is warranted and

15 the flow moves down to block 650. Otherwise, the flow moves to decision
block 630 and it is determined whether the change in the average received
signal strength on all of the control channels in the neighbor list is less than
some predetermined threshold rate, for example, 7 dB over 2 previous five

'minutes. If so, then the measurement frequency or rate of the control

20 channels in the neighbor list can be reduced by some predetermined factor,
e.g., two. Otherwise, no reduction in the rate of frequency is warranted. In
either case, the flow moves on to the third test at block 650.

Therein, it is determined whether or not the rate of change of a

difference between the average received signal strength of the servixig control

> I channel and of sorne specific entry in the neighbor list is less than some

) predetermined threshold rate, e.g., 10 dB over the last five minutes. If so,

then the measurement frequency or rate of the control channels in the

neighbor list can then be reduced by a factor, for example, two at block 660.

. Otherwise, no reduction is warranted and in any event the procedure is then

30 completed. ' '
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each Togl cal channel in the super frane. FI G aI S0 shows an T p, 19
exertpl ary downl i nk superfrane, which includes at |eas

channel s: a broadcast control channel (BCCH) incl udi n e sI ots

for .over head nessages; a pagi ng channel (PCH) incl ud| m pag| ng
nmessages; and an access response channel (ARCH) i ncl ud| ng one

channel assi gnnent and ot her nessages. -¥e remaini ng time slots in the

exenpl ary superfrage of FLG . icated to other. | ogi channel s,
such as additional ﬁ%@*ﬂé@ﬁ%&ﬁﬁé‘: é:l’ﬂ‘b‘?mfftsﬁé?m hHayse gﬁ’r‘?ggh?he number

of mobile Staﬁﬁ Bt dfSmessupSrhenttkEn 6y U RiobAd 8 relmite eaﬁ&%neﬁmﬁi&ss in the .
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eac pagi ng slot Is.used for paging several nobile stations

t hat share soinethemeighboring listmay ibstreduced ta)consetve Hattety mivgirt A thehe M N.
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so that those condi'tions no longer hold, then the correspondmg reduction in
measurement frequency can be rev_bked. For example, the process illustrated
in Figure 6 can be performed periodically, e.g., every minute. Thus, if a
mobile had previously reduced its measurement frequency of the control
channels on the neighbor list based on satisfaction of the criteria in block
600 and, in a subsequent iteration the mobile had changed its serving control

of efficient slee de, o eratlon and f t ceII sel ection, the
gasrei e gpd gncy.change

‘channel, -the reduction of block 610 would be revoked.

In addition to being "awake" t¢ measure control channels, 2 mobile
or remote station is also awake periodically so that it can receive a page.
Specifically, the mobile may be paged at any time, therefore the mobile must
be Iocked to a particular cell in a location area so that the mobile may
receive the page. For example, if the mobile has moved out of the location
area of a first cell to which the mobile was locked to a second cell in 2 '
different location area, a paging request for the mobile will not be heard or
received because the mobile switching center, or MSC, will page the mobile
over a paging channel available to the locaﬁon area in which the mobile is
:egi_étered. Thus, a paging request would not be received by the mobile in
the distant location area if it is not registered-in that location area.

Therefore, the mobile shotild register with 2 new base station when entering

& new location area.

According to exemplary embodiments of the present invention, pages
are repeated periodically and the mobile station can be assigned to a paging
frame class at registration to take advantage of knowledge of this periodicity
to remain asleep longer. Exemplary paging frame classes are illustrated in
Figure 4. Therein note that a first paging frame class is defined as being
every hyperframe, a second paging frame class spans two hyperframes, a
third paging frame class spans three hyperframes, and a fourth paging framé
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Appllcatlon No. 07/956, 640 di scloses a BCCH structure that all ows the - p2g
nobile station to read a m ni mum anount of information when it is swtched

on (when it |locks onto a DCC) before being able to access the system (pl ace

or receive a call). After being switched on, an idle nobile station needs

to regularly nonitor only its. assigned PO§-slots (usually one in each

superfrane); the nobile can sleep during other slots. The ratio of the
class spans four hyperframes. When the mobile stations registers, it can

temporarily change its paging frame class to PF; until it receives a
regisuatibn response. If the registration response contains 2 new paging
frame class assi_gnment, then that shall be the assigned paging frame class for
k) the mobile. Otherwise, the mobile can retain the default paging frame class
of PF,. |
Having been assigned a paging frame class, either by default or
through the registration response,. the mobile station shall then awaken to
determine if it is being paged more or less frequently based 'upon its paging
10 frame class. According to exemplary embodiments of the present invention,
the system can adjust the frequency with which the mobile station awakens
to monitor the paging channel without actually changing the mobile station’s
assigned paging frame class. This provides a solution to another dilemma
facing system designers, i.e., the tension between paging frequency and call-
15 setup delay. Consider that the more frequently a mobile or remote unit is
paged, the less call-setup delay there will be. However, the more
frequently a mobile can be paged, the more often a mobile must “awaken” to
potentially receive a page, resulting in greater battery drain. Thus, during
periods such as nighttime hours or other times when communication with the
20 mobile or remote station is expected to be less frequent, exemplary
embodiments of the present invention provide a mechanism for allowing the

mobile or remote station to sleep longer and_ take advantage of greater
tolerance for call-setup delay. _
This is accomplished, for example, by transmitting 2 paging frame
25 modifier (PFM) from the system to the mobile station in a routinely
Rt transmifted overhead message via the digital control channel. One
exemplary mechanism for transmitting the PFM is in a header of the SPACH
channel, e.g., in every PCH subchannel, The SPACH channel, as described
in more detail in the above-incorporated U.S. Patent Application Serial No.
30 08/147,254, carries layer 2 messages which are used to carry point-to-point
SMS, paging or ARCH inforrttation. An exemplary SP_ACH Header .
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is controllable and represents a tradeoff between call-set-up delay and
power consunpti on. As such hybrid anal og/digital systems mature, the
nurmher of anal og users shoul d di m ni sh and the nunber of digital users
shoul d increase until all of the anal og Vb4 ce and control channels are
replaced by digital traffic and control channels. Wen that occurs, the

current dual - rmdedmgtlmEFMabmmdhEu‘ctaﬁwilmﬁacﬁﬂadmsm&e@qgmglve

digital-only b| I e] um{s ﬁgﬂ %pré’\x%otedumteinmbwaey,taoce can . ceadéﬁ%g% currently

provided in t
can be made (rather than changing paging classes upon registration which

requires an entire registration area, i.e., potentially many cells, change) and

) synchronization can be maintained. Thus, the PFM field is unaddressed in
the sense that it is transmitted to every mobile or remote in a cell as opposed
t0 a page which is directed to a particular remote or mobile station.

According to exemplary embodiments of the present invention, the
paging frame modifier can comprise a single bit which, if set to binary "0",

10 indicates that the mobile unit should continue to use its assigned paging
frame class. If, however, the PFM bit is set to binary "1“ then the mobile
station will adjust its paging frame class, for example, to the next higher
paging frame class. As an example, assume that a mobile station has been
assigned to paging frame class 2 (PF,) such that it monitors its paging

15 channel for a page every other hyperframe. Then, assume that the paging
frame modifier bit transmitted on the SPACH channel is subsequently set to
binary "1". At this poiﬁt, the mobile will act as if its assigned paging frame
class is PF; and will-sleep longer until the PFM reverts to "0". Mobiles or
remote stations which are asleep when the PFM is changes will nonetheless

20 become quickly aware in their change of paging frame class since,accofding
to this example, the PFM is transmitted as a bit on the SPACH header.

The foregoing has described mobile and base station operation in
terms of functional qualities. While specific hardware implementations of
such stations per se are known to those skilled in the art, a brief example

25 will now be described. FIG. 6 represents a block diagram of an exemplary
’ cellular mobile radiotelephone system, including an exemplary base station
110 and mobile station 120. The base station includes a control and
processing unit 130 which is connected to the MSC 140 which in turn is
connected to the PSTN {not shown). General aspects of such cellular
30 radiotelephone systems are known in the art, as described by the above-cited

U.S. patent applications and by allowed U.S. Patent Application No. .
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One conventional radi ocomunication system used in Europe, known .as GSMP-g& . -
al ready an all-digital system in which 200-KHz-w de radi o channels are

| ocat ed- near 900 MHz. Each GSM radi o channel has a gross data rate of 270
kilobits per second and is divided into eight full-rate traffic channels

(each traffic time slot carrying 116 engrypted bits). - Di gital
control and traffic channel s are al so dé@l'rabl e for other reasons descri bed

S ciﬁ?ﬁgbv@‘?@'iw cailed Rsighhor £ maplitt i S e 1 ed on
November 1, 19Qg, pmml tdnf” b W‘&Oé@éle%tlm@'ﬁﬁﬁ (Ppﬁéiﬁd?ﬂ by

ref erence. For exanp ey su por onger sl eep periodS for the nobile
units, which Nes@7¥9%67,027 entled "Mﬂnédqdd Sigeal Processingh, bshafbvhichareles for

digital traffic channls T flex ,; VC‘I’S desirable in using digital
control chann&lCS™R éﬂ@ GHaffty to optinmize system capacity

andgto support hi em&%&a&uwhm ﬁéﬂdl!%tdlpﬁ?ahcy of voice ichi@dely Biowsh a
voice channel transceiver 150, which is controlled by the control and
processing unit 130. Also, each base station includes a control channel
transceiver 160, which may be capable of handling more than one control
channel. The control channel transceiver 160 is controlied by the control

10 and processing unit 130. The control channel transceiver 160 broadcasts
control information over the control channel of the base station or cell to
mobiles locked to that control channel. It will be understood that the
transceivers 150 and 160 can be implemented as a single device, like the
voice and control transceiver 170, for use with DCCs and DTCs that share

y..

15 the same radio carrier frequency.

The mobile station 120 receives the information broadcast on a
control channel at its voice and control channel transceiver 170. Then, the
processing unit 180 evaluates the received control channel information,
which includes the characteristics of cells that are candidates for the mobile

20 station t0 lock on to, and determines on which cell the mobile should lock.
Aéivantageouslj«, the received control channel information not only includes
absolute information concerning the cell with which it is associated, but also
contains relative information concerning other célls proximate to the cell
with which the control channel is associated, as described in U.S. Patent

28 _ No. 5,353,332, which is incorporated in this application by reference.

‘ The above-~described exemplary embodiments are intended to be

illustrative in all respects, rather than restrictive, of the present inveaton.

Thus the present invention is capable of many variations.in detailed

implementation that can be derived from the description contained herein by

30 & person skilled in the art. All such variations and modifications are
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m—@'ﬁﬁz wecr Bt en s?D%Si”C_oc.el'l s, etc. The term "macrocell" general I'?/'
refers to a cell having a size conparable to the sizes of cells in a
conventional cellular tel ephone system (e.g., a radius of at |east about 1
kil ometer), and the terns "mcrocell"” and "picocell" generally refer to
progressively smaller cells. For exanple, a mcrocell mght cover a public
i'ndoor or outdoor area, e.g., a convepgion center or a busy street, and a
pi cocell m ght cover an office corridor or a floor .of %} 'gﬂ-rise bui | di ng.

E‘ra;mbg (rj:algltgm;;)dvqe_é@% g{ﬁtﬁ&eﬁkim.mcspﬁteﬂﬂ@¢Pm5§?to‘8¥ ., and picocel | s

defined by the following claims.
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-7- ranother or may overlap one another to handle different traffic P24 |
patterns or radi o environnents. Each of these types of cells has a base .
station which transmts at |east one control channel. Thus, a nunber of
nei ghboring control channels are present for a nobile or remte unit to
eval uate as a possible replacenent for t current serving cont rol-channel-

Lgrmgfga: fyiz | ocked. , AC(jordi ngl ¥ "bot h ACCs ar:1d ’m,’”"”)m””"’

1. A method for scanning a plurality of neighboring control
channels in a radiocommunication system comprising the steps of:
| transmitting, on a control channel which is currently serving a
S remote station, a default scanning frequency at which said remote station is
to scan at least one of said neighboring control channels;
| modifyihg said default scanning frequency based on some
-predetermined criteria; and. |
_ scanning, at said remote station, at least one of said plurality
10 of neighboring control channels at said modified default scanning frequency.

2. The method of claim 1, further comprising the step of:
transmitting, on said current control channel, a parameter as said
predetermined criteria associated with each of said plurality of neighboring
control channels which can be used to modify said default scanning
15 frequency or to leave said default scanning frequency unchanged.

" 3. The method of claim 2, wherein said parameter is an HL
FREQ variable which has a high value when said default scanning frequency
is to remain unchanged and a low value when said default scanning
frequency is to be reduced.

20 4. The method of claim 1, wherein said modifying step further
comprises the step of: .

reducing said default scanning frequency if said current control
channel has been serving said remote station for greater than a predetermined .

LS

time period.
25 5. The method of claim 1, wherein said modifying sep: fmm
comprises the step.of: i
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the nbbile station for possible control “channel J_ESE| ectlon P.25
Conventionally, for exanple, when in an idle state!!’ e . switehed_on but
1l

not making or receiving a call), a nobile station 1mn em tunes
to and then regularly nonitors the strongest contr aIIy, :

the control channel of the cell in whi chajhe nobile statlon i s*l ocated at
that nonent) and nay receive or initiate a call through the corresponding

base station. Wen ff@é!ddikg% DA4 180! S&inhihg rdduendy'if alhahgll 6f & 8t &a%é he nobile

station will eventuall ose" radi o connec |on on the control annel of

the "ol d" cell menmgxaicmgh@onmdmummammlchamnbxs lns;vmanalﬁrst The
initial tuning angd subs r.e- tun Lnd to.control chan

acconpl i shed a@fM"ﬁb @@gﬁ,ﬁ g9 ¢f 3 avemag ‘T"&?}Y ar%engh’annel $
at their knov\ﬂoﬁfssﬂyﬁéi QohirfCcHafifels RABEs Matsééﬂndoﬁ}%%mﬂi‘e ternms

"scan" or "scanni ng' a use In this docunent, can refer to, for exanple,
si gndl st rengt threshwddir enent , actual si gnal decodl ng, or any other nethod of
eval uating a signal.

6. The method of claim 5, wherein both said first and second
predetermined thresholds are 7 dB over five minutes.

7.  The method of claim 1, wherein said modifying step further
10 | comprises the step of:
| reducing said default scanning frequency if a change of a difference
between an average received signal strerig:h of the current coatrol channel
and an average received signal strength of one of said neighboring control
channels is less than a predetermined threshold.

15 8. The method of claim 7, wherein said predetermined threshold
is 10 dB over five minutes,

9. A base station comprising:
‘ a transmitter for transmitting supervisory data messages on a
control channel and for providing neighboring lists to remote units;
20 said supervisory data messages fr_xcluding an instruction for
" remote stations to scan at least one control channel identified in said
neighboring lists a number of times per some predetermined time period; and
wherein said neighboring lists include a parameter associated
with at least one of said control channels identified therein specifying
25 | whether said number of times is to remain the same or be reduced for said at
least one of said control channels.
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When "a control channel with good reception quaiity is found, the nobile p.25
station renmains tuned to this channel until the quality delerLgLat—es again. -’

In this way, nobile stations stay "in touch” witht al og
(non slotted) control channels specified in | S-54B XBH m‘mﬁﬂmm{l
stations to remain continuously (or at |east 50% of ILITe awake" in
the idle state, at least to the extent .t3gat they nust keep their receivers
switched on. Thus, these conventional systens typically eval uate candi date

control channels fag. reSHieebﬁs'e@unpnlbﬁohm 9@twlmmem smdqnimmem' tean HI xed
I nterval s. According to I npova n cell reselection

di scl osed in WREQManable VQ“@B@%@EDEPOV ‘E" "a??dd IQHT“l f@ﬁ’@l‘f ®Bntrol

channel in ea(i'gmgﬁl Jhe same and a low value when said number of times is to be

reduced.

5 11. A mobile station comprising:
a receiver for receiving supervisory data messages on a
control channel and neighboring lists identifying other control channels;
means for scanning channels;
said supervisory data messages including an instruction for
10 said mobile station to scan, at a first rate, at least one of said other control
channels identified in said neighboring lists; and
wherein said neighboring lists include a parameter associated
with at least one of said control channels identified therein specifying
whether 10 scan said at least one of said other control channels at said first
15 rate or to scan said at least one of said other channels at said first rate
" divided by a predétermined number.

12.  The mobile station of claim 11, wherein said parameter is an
HL FREQ variable which has 2 high value when said number of time is to-
. remain the same and 2 low value when said number of times is to be
20 reduced.

13. A method for commanding a remote station to listen for pages
‘s in a radiocommunication system comprising the steps of:
providing a plurality of paging frame classes, each class
having a different repeat period for listening for paging messages;
25 assigning one of said plurality of paging frame classes to said
remote station when said remote station registers with said system; and
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-8 - "is configured to broadcast i nformation about the presence, |f any pr? -
other cells and the characteristics of those cells including mninmm

quality criteria, power requirenents, etc. Typ| n about the
presence of other cells is broadcast about neig m"ﬂﬂmmf“m r instance,
a nei ghboring cell may be adjacent to, overl app guous from
t he broadcasti ng

transmitting, from said system, a paging frame modifier which
commands said mobile to either use said assigned paging frame class or to

use a different paging frame class.

14.  The method of claim 13, wherein said different paging frame
h] class is a class having a next highest repeat period relative to said assigned
paging class. '

15. The method of claim 13, wherein one of said plurality of
paging frame classes has a listening repeat period of every two superframes
and another of said plurality of paging frame classes has a listening repeat

10 period of every four superframes.

16. A method for evaluating a plurality of control channels in a
- radiocommunication system comprising the steps of:
providing a default frequency of signal strength measurement
| . for at least one of said plurality of control channels to be made by a remote
15 station; |
reducing said default frequency for at least one of said
plurality of control channels if a current control channel has been serving
said remote station for greater than a predetermined tme period; and
scanning, at said remote station, said at least one of said

20 plurality of control channels at said reduced frequency.

17.  The method of claim 16, wherein said step of providing -
further comprises the step of: ' .
transmitting, on said current control channel, said default

frequency for scanning by said remote station.

25 18. A method for evaluating a plurality of controt channels ina
" radiocommunication system comprising the steps of:
This Sheet Has B
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cell. A rmbl | e peri odi cal | y scans dur| ng idl e node the nei ghbor i ng cont r(E‘I 28"
charnel s in the coverage area that the nobile is™tocated-in-to_determne
which cell it should be | ocked to. Each control chﬁmml ei ghbor
list. The neighbor list identifies other control 'IM"WMW | es
| ocked to that control channel shoul d perisadically évaFuate. Jx rmbi |l e
may continuously select cells to be | ocked to based on the existing

Strongtn)- assocl atod wi i nPRARRg el BENRRYS of spiitpRIAhEiMe |

| ocked is the cédrlatileastvone bf sdid phurblityeof controf ¢hasnels do e atade\byca ramote a

associated with the cell. Wiile in the idle state, and in addition
to eval uating cHREO| channel s as potential reselection candi dates, a
mobi | e station nust.nonit aéfﬂhtggﬁ\ﬂ’!ﬂ 6104t 1828 bHE of B8R ages
addressed to it. For exanp e en an or ary” tel ephone ?I and- | i ne)

subscBi ber call pluvalnploflcemmlbd)anmﬂmfa ofichange lof 28 ademge resdivied signahe public
switched tel ephoé]een e(t”\i/\grclim PtSsTe g comrgpghannel is less than a first
predetermined threshold and if a change of an average received signal
strength on said plurality of control channels is less than a second
~ predetermined threshold; and
10 _ measuﬁng, at said remote station, said plurality of control
channels at said reduced frequency.

19.  The method of claim 18, wherein said step of providing
further comprises the step of:
_ transmitting, on said current contral channel, said default
15 frequency of signal strength measurement to be made by szid remote station.

20. A method for evaluating a plurality of control channels in a
radiocommunication system comprising the steps of:
_ providing a default frequency of signal strength measurement

for at least one of said plurality of control channels to be made by a remote
20 station;

reducing said default frequency for at least one of said
plurality of control channels if 2 change of a difference between an average
received signal strength of a current serving control channel and one of said
plurality of control channels is less than a predetermined threshold; and

1
LEW

25 measuring, at said remote station, said at least one of said
plurality of control channels at said reduced frequency.

21.  The method of claim 20, wherein said step of providing
further comprises the step of: -
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swi t chi ng center (MSC) that anal yzes the d| al ed n CIft the dialed : p, 29
nunber is validated, the MSC requests sone or all e‘iﬂmﬁahke,ﬁac@@dl o] base
stations to page the called nobile station by tran hei r
respective control channels paging nessages that c m

i dentification nunber (MN of the called nobile statlon Ie nobi | e

station receiving a paging nessage conpargs the received MN with its own
stored MN. The nobile station with the matching stored MN transmts a

page response over the pagismiliag, &Pﬁid@&néh'@%&ﬁt?dl &m&resa@@asfaakat'on

which forwards the page response to th pon receli ving the page
response, the ﬁﬁ@mymftsgmhsmmmeasﬁmuabbmde byosaidheenhete atationt i on
that received the page response, switches on a corresponding radio
transceiver in that base station, and causes that

22. A base station comprising: |
a transmitter for transmitting supervisory data messages on a
5 control channel and for providing neighboring lists to remote units;
said supervisory data messages including an instruction for
remote stations to modify a default frequency rate at which at least one
control channel identified in said neighboring lists is to be scanned.

23. A remote station comprising;
10 a receiver for receiving supervisory data messages ona
control channel and neighboring lists identifying other control channels;
means for scanning said other control channels at a default
scanning rate; and |
‘wherein said neighboring lists include a parameter associated
15 with at least one of said other control channels identified therein specifying
whether to scan said at least one of said other control channels at said default
scanning rate or to scan at least one of said other channels at said default
scanning rate divided by a predetermined number.

24. A remote station comprising:
20 a receiver for receiving supervisory data messages on a
e current control channel and neighboring lists identifying other control
channels;
means for scanning said other control channels at a default
scanning rate; and
25 means for reducing said default scanning rate for at least one
of said other control channels if said current control channel has been
serving said remote station for greater than a predetermined time period.

(IS
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-9- 'base station to send a . nessage via the conitol channgl “to the caI I e‘daa
nobirl e station that instructs the called nobil eTis Stieét®as Bean & ¢hedt 0 t he

selected voice or traffic channel. A through- conrm'm ﬂl”("'mma call is

establ i shed once the
25.  The remote station of claim 24, wherein said default

scanning rate is received by said receiver in said supervisory data messages.

— . B

Rt

-26 -

26. A remote station comprising:
a receiver for receiving supervisory data messages on a
-5 current control channel and neighboring lists identifying other control
channels;
means for scanning said other control channels at a default
scanning rate; and
means for reducing said default scanning rate for at least one
10 of said other control channels if a change of an average received signal
strength on said current control channel is less than a first predetermined
threshold and if a change of an average received signal strength on said other
control channels is less than a second predetermined thresholq.

27.  The remote station of claim 26, wherein said default
15 scanning rate is received by said receiver in said supervisory data messages.
{
28. A remote station comprising:
a receiver for receiving supervisory data messages on 2
current control channel and neighboring lists identifying other control
‘channels;
20 _ means for scanning said other control channels at a default
scanning rate; and
ez means for reducing said default scanning rate for at least one
of said other control channels if a change of a difference between an average
received signal strength of said current control channel and one of said
25 plurality of control channels is less than a predetermined threshold.

29. The remote station of claim 27, wherein said default ,
- scanning rate is received by said receiver in said supemsory da:a messages.

Hllllll 0] HIII | IIII
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mobit e station has tuned to the sel ected AVC or DTC. As not ed ablb.\m

one of the goals of a digital cellular systemis to increase the user's
“talk tinme", i.e., the battery life of the nobile station. Tp this _end,—

U.'S. Pat ent Appl ication No. 07/956, 640 discloses a di: glt ol
chéannel (base station.to nobile station) that can carr mm I [‘
nessages specified for current analog fo rd control

in a format which allows an idle nobile" é%gtion to read overhead messages
when | ocking onto the FOCC and thereafter only when the information has
changed; the nobile sleeps at all other times. In such a system sone types

of .nessages are broadcasgpb I ot her
g Boby Tﬂeméﬂe&mwﬁ&éﬁﬁ&brgegmwm

types, and nobile statlons need not read every nessage cast
Wi | e the i nnofurther eompsisesnthelsmprafbed in the af orementioned patent

| [ [ f f,ef | e
Rt on Provi des MmNy, peeuladtinl Bidbind) 1% S SHE RIS
has been serving said remote station for greater than a predetermined time
S period and if a change of an average measured received signal strength on

said current control channel is less than a predetermined threshold.

31. A method for scanning a plurality of control channels
and a serving control channel by a remote station comprising the steps of:

providing a default scanning frequency for said control

10 channels; and '

if said serving control channel has been serving said remote
station for greater than a predetermined peﬁod of time, then modifying said
default scanning frequency for at least one of said serving control channel
and said plurality of control channels. .

15 32. The method of claim 31, wherein said at least one of
said serving control channel and said plurality of control channels is a
control channel provided to said remote station in a neighbor list.

33, The method of claim 31, wherein said at least one of
said serving control channel and said plurality of control channels includes
20 all of said plurality of control channels which are provided to said remote

'
LY

station on 2 neighbor list.

34. © The method of ¢claim 31, wherein said at least one of
said serving control channel and said plurality of control channels includes
all of said plurality of control channels which are provided to said remote

25 station on a neighbor list and said serving control channel. .
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with respect to pagi ng, additional features may bqh@dp{e@maggge ?l?gr 3z
orari I y

exanple, it would be advantageous to provide the c

reassign a nobile or rempte station to a different mgum,’ " H 0 provide
thé flexibility necessary for changing system condi specific
manner . SUMVARY Accor di ngI y to

exenpl ary enbodi ments of the present inv@8tion, nobile or other renpte
units are able to sleep for |onger periods of tine, arog battery life is

extended, by optinizing Be pek Mo fog seanning; & Blurdlity of seniaol ehanelsasur es
contr ol channel s 3L RsRE CHNRR e by BAELESAH Boiniiify AR SERILED!
exenpl ary errbodl ments of pt_—d;\gdmgqsaﬁuu Mgmqumcgamﬂﬁdfdoaﬁm cl ass
channels; and
5 if a change in an average received signal strength on said
serving control channel is less than a predetermined threshold for a
predetermined period of time, then modifying said default scanning
frequency for at least one of said serving control channel and said plurality

of control channels.

10 36. The method of claim 35, wherein said at least one of
- said serving control channel and said plurality of control channels is 2
. control channel provided to said remote station in a neighbor list.

37. The method of claim 35, wherein said at least one of
said serving control channel and said plurality of control channels includes
15 all of said plurality of control channels which are provided to said remote
station on a neighbor list.

38. The method of claim 35, wherein said at least one of
said serving control channel and said plurality of control channels includes
all of said plurality of control channels which are provided to said remote

20 station on a neighbor list and said serving control channel,

s 39. A method for scanning a plurality of control channels
and a serving control channel by a remote station comprising the steps of:
providing a default scanning frequency for said control
channels; and
25 if a difference between a change in an average received signal
stréngth on said serving control channel and a change in an average receivgd-
signal strength on one of said plurality of control channels is less than a

T
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whi ch has been assi gned to the renote unit can be ITDdIerd so. that the B "5-'_'33 s
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-29-
predetermined threshold for a predetermined period of time, then modifying
said default scanning frequency for at least one of said serving control
channel and said plurality of confrol channels.

40.  The method of claim 39, wherein said ar least one of
5 said serving control channel and said plurality of control channels is said one
of said plurality of control channels.” -

41.  The method of claim 39, wherein said at least one of
said serving control channel and said plurality of control channels includes
all of said plurality of control channels.

10 42. The method of claim 39, wherein said at least one of
said serving control channe! and said plurality of control channels includes
all of said plurality of control channels and said serving control channel.

43, A method for scanning a plurality of control channels
and a serving contro] channel by a remote station comprising the steps of:
15 providing a default scanning frequency for said control
channels; and | |
if a change in a difference between an average received signal
strength on said serving control channel and an average received signal
strength on one of said plurality of control channels is less than a
20 predetermined threshold for a predetermined period of time, then modifying -
s said default scanning frequency for at least one of said serving control
channel and said plurality of control channels.

44.  The method of claim 43, wherein said at least one of
said serving control channel and said plurality of control channels is said one
25 of said plurality of control channels.
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rermté unit nonitors the pagi ng channel at intervals whi ch are nore bat teray
conServative based on current communication co Z’, ons

BRLEF DESCRI PTI ON OF THE DRAW NGS The f W”’#MW Emﬁr obj ect s,
adily

features -and advant ages of the present inventio
under st ood upon reading the follow ng detail ed descri ‘pt i"on sl onj unction

with the drawi ngs in which: Figw30 4 depicts an exenplary forward
digital control channel; Figure 2 shows an exanple of a hierarchical
cel | structure; M3ur eThe methadfdf clatinad3, whiekais saidtat kepscome o6l channel

Froure 4 1s arsid IR SRR SHRnaRL P it VARG sohoL CrBe Jactuaed ™ °" 1 O

Figure 5 depi gisoegifyrmmlyof cohidéitiinager . and

46. The method of claim 43, wherein said at Jeast one of
5 said serving control channel and said plurality of control channels includes
all of said plurality of control channels and said serving control channel.

47. The method of claim 13, further comprising the step of:
" transmitting said paging frame modifier in every PCH

subchannel.

10 48.  The method of claim 13, wherein said paging frame
modifier is an unaddressed information element.

49. A method for controlling scanning of a plurality of
control channels by a remote station comprising the steps of:
providing a default scanning frequency for said control

15 . chananels; and
transmitting a parameter which indicates whether said default

scanning frequency is to be modified.

50.  The method of claim 1, further comprising the step of:
returning to said default scanning frequency after said
20 -... predetermined criteria is no longer satisfied,

51.  The method of claim 31, further comprising the step
of: '

returning to said default scanning ﬁequency if said serving
channel is changed.
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Fi gme..@-a%pﬁ@ ezr?t %RS&ck di agram of an exenpl ary cel lular nobile
‘radi ot'el ephone syst em - DETAI LE SCRI PTI ON
According to exenplary enbodi nents of the m‘a“mu‘ ﬁ t he
freasur enent periodicity for evaluating conﬂ‘ pot enti al

“resel ection of the serving control channel tan®be opt| mzed to increase
“sleep tinme" of the renote unit and tend battery life. Briefly, control
channel s are used for setting up cal‘ﬁg i nform ng the, bas&§ tions about
| ocat rons and paraneters assom&gﬁ f 35011uﬂmer inform ng the
mobi | e stati ons about53.ocafhom€ & par aneters associated with the base
stations. The base stations |isten for call access requests by nobile

stations angf:the nobile stations in turn |.ist ¥l ifagidnchang@ 88 ges.
returning to said defanlt scanning g fredubticy

Jonger satisfies sajd condition.

53. The method of claim 39, further comprising the step

| . if sai e no .
™ returning to said default scanning frequency if said chang

1ong& satisfies said condidon.
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Future systens will enploy additional cells. For exanple, new systens map.3s
I nchude any conbi nati on of nmacrocells, indoor mcrocells, outdoor -
m erocells, public mcrocells and restricted or private mcrocells. new

systenms therefore will likely be designated to incorporate an increasing
nunber of control channels. Currently; there are approxi mately twenty-one
-3 -
ABSTRACT

A method and system for providing an enhanced sleep mode for
remote units in a radiocommunication system are described. Measurement
periodicity for control channels of neighboring cells is optimized. Paging

S . frame classes can also be temporarily modified to extend sleep periods.
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anal og control channels available for a cluster in a typi cal system 'iié%".'

enplroyed in the United States. FIG 2 is an exenplary hierarchical
or~yrulti-layered, cellular system An unbrella nacrocell 10 represented by
a hexagonal shape nmakes up an overlying cellular structure. Each unbrella
cell may contain an underlying mcrocell structure. The unbrella cell 10
includes mcrocell 20 represented by thgjgrea encl osed within the dotted
line and m crocell 30 represented by th rea enclosed within the dashed

| ine corresponding to areas along city streets, and picocells 40, 50, and
60, which cover individual floors of a building. The intersection of the
two city streets covered by the

Time

SLOT 1|SLOT 2{SLOT 3SLOT 4|SLOT 5{SLOT 6{SLOT 7|{SLOT 8{. . .([SLOT #{. . .

BCCH | PCH | ARCH {. .

superframe

FIGURE 1

Ty
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——ﬁ*fTTEIE% Zémang %0 may be an area of dense traffic concentration

and
t hus m ght represent a hot spot. Each of the cells illustrated in
Sigure 2 will include a base station transmitting on at |east one control

Thannel . Consider the renmpte station, e.g., a portable unit, which is
*travelling down the city streets and up into the building including

pi cocel | s 40, 50, and 60. During varjdygus portions of this transit,
potentially all of the control channels associated with the unbrella cel

10, the mcrocells 20 and 30 and the picocells 40, 50, and 60 may be
transmtted on the neighbor |list of control channel candidates for

resel ection. Evaluating those control channels to determne if reselection
is desirable is perforned by having the renote station scan those channel s
(e.g., neasure the received signal strength (RSS) or decode portions of the
signal). The periodicity wwth which a nobile por renote station scans

the control channels in the .neighbor |ist during | dl e node can be
controlled

'FIGURE 2
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according to exenplary enbodi ments of the present invention as follows. WM@B "
i nf.ormati on el ements can be transmitted on the broadcast control channel
(Bgi}b for the nobile or renpte unit to receive that are related to this
scanni ng process. A SCANFREQ i nformation el enent can be sent in the control
channel sel ection message on the BCCH to informthe nobile or renote
station about a default m ninmum nunber gf5signal strength neasurenents to
be made per tine period, for exanple, per superfrane.

Modify
Basic
Procedure | C 610

Reduce Meas.
[ 600
< s CCHserv the |\ Yes | Freq. on all CCHNL

same for > 1 hr.? [ -~ by factor of 2

- No
L - 620
)
OI'I . - is Sheet Has Been Replaced
. . i [ IIIIII IIIHII
N Y 640
° "Les {8 Reduce Meas(
I:HAC%?JSNEH Yei Freq. on all 6CHNL
< 7dB/5min? [ by factor of 2
No
7 650 — %
Is A(RSS . RSS.., )\ Yes | Reduce Meas.
° A(RSSSEHV RSSNL) this contr&ach::nel
< 10dB/5min.? by factor of 2
No

" FIGURE 3
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- 12* Aternatively, sonme default value could be provided W|thout P. 43
trapsmtting this information el enment. For a conpl ete discussion of
superfranmes and hyperfranes, the interested reader is referred to U S.
Pat'ent Application Serial No. 08/ 147,254 incorporated above. Briefly, each
superfranme includes a conplete set of F-BCCH information (i.e., a set of
Layer 3 nmessages), using as many slots &% are necessary, and that each
superfrane begins with a F-BCCH sl ot. After the F-BCCH slot(s), the

remai ning slots in each superfranme include one or nore (or no) slots

S T HR, | o 1 2 | 8 4 5 6
SFpb{0|1/2|13|4(5(6|7|8]9 10111213
PF{|pls|p|s|p|s|/pP|s|p|s|pP|Ss|{p]|s
PFalp|s|-|-|pls|-|-|p|s|-|-|p]|s
PFglp|s|-|-|-]- pls|{-|-|-|-]|P}|S
PFgip|s|-|-|-|-|-{-|P|{s]|-|-f"-]|-

-— PF4 ”
HF = Hyperframe
SF = Superframe
PF = Paging frame
P = Primary PCHs
S = Secondary PCHs

FIGURE 4

BU |PCON]| BCN | PFM | SMSN
XXX | 2X | =X | =X | =X

————
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SPACH | ogi cal channels. A hyperfrane consists of two superfranes Thus, Uhai
nobile station will performa total of SCANFREQ signal strength

measur ement s_per superframe regardl ess of the size of the neighbor list.

Al ternatively, SCANFREQ can indicate neasurenents per tinme interval, e.g.
sgperfrane for each entry in the neighbor |ist. The nunber of
measurements made by the nobile stationggn each control channel in the

nei ghbor 1ist per H@H%raees an interesting tradeoff. On the one
hand, the norfg—me h e nmade, the nore accurate the

measur enent infornatlon will be. On the other hand, the greater the nunber
of measurenernts, the greater the drain on the nobile or renpte unit's
battery. Sinde it nay be desi r”ﬁeTo@llow the nobiTe hs—f—ke a dreater or
| esser nunber| of measurenents jon part1 | ar control cha gls in tHe

nei ghbor list| to finely bal ancie these{conpeting factors{ the defaqlt

SCANFREQ fredquency or rate can He nmodi fi ed byl a second par anet er},
VOICE
CHANNEL
1{40 TRANSCEIVER
CONTROL |
MSC AND 160
PROCESSING o\ o
UNIT ;
CONTROL Y
- CHANNEL !
TRANSCEIVER

BASE STATION

Z110

%

VOICE AND CONTROL | 170
CHANNEL TRANSCEIVER [~

PROCESSING UNIT | 180

This Sheet Has Been R

wwr | IIllIlII Illlll Illl Ill !lll

Print Time ﬁw23;Feb:l£:41



Qs t rjansrTRI:PbAICEED ERe NG gnugjﬂm

denot .H__EREQ as described bel ow. [THE HE; FREQHIf @r matron ‘eFerre%t
For eaCh e e - g1
there_n vmm:pas;sogha,ged REQ™I nf of mati on eliet
H GH}¥ I&"@ﬁrtl arzpontra‘r chaﬂ el isto: bq/ | A  hepdefiatdt
f r equENLYIvGRg(§)a f| ne ~G§CANFREQ par apeter. i1t , .on. 1 he: ot her Band,
t he ERE,QPg nf i 8I’é t----+-s setite LOW” thl's"partrcul ar contr ol i
chann_egly«s é.’sur o, 'O P8sedexangl e, at half the frequency..or ‘?‘eﬁ
requr*red%al e B At t -SCANEREQ..qar anet er . Of cour'se, those. ki H—rthe

art will recog ”i«:&ﬁANCED SLEEP MODE IN RADIOCOMMUNICATION SYSTEMS

.......

The disclosure of U.S. Patent Application No. 08/147,254 entitled "A
Method for Communicating in a Wireless Communication System", filed on

" REPLAGEMENT SHEET lNovember 1, 1993, is incorporated in this application by reference.

- 2 1 NOV 1996

ACKGROUND

Applicant’s invention relates generally to radiocommunication systems

and more particularly to radiocommunication systéms in which evaluations of
remote unit servers for potential control channel reselection are performed.

- The growth of commercial radiocommunications and, in particular,
the explosive growth of cellular raﬁioiélephone systems have compelled
system designers to search for ways to increase system capacity without
reducing communication quality beyond consumer tolerance thresholds. One
way to increase capacity is to use digital communication and multiple access
techniques such as TDMA, in which several users are assxgned respective
time slots on a single radm carrier frequency.

_ In North America, these features are currently provided by a digital
cellular radiotelephone system called the digital advanced mobile phone
service (D-AMPS), some of the characteristics of which are specified in the
interim standard IS-54B, "Dual-Mode Mobile Station-Base Station
Compatibility Standard”, published by the Electronic Industries Association
and Telecommunications Industry Association (EIA/TIA). Because of a
large existing consumer base of equipment c;perating only in the analog
domain with frequency-division multiple access (FDMA), IS-54B is a dual-
mode (analog and digital) standard, providing for analog compatibility in
tandem with digital communication capability. Fer example, the IS-54B
standard provides for both FDMA analog voice channels (AVC) and TDMA
digital traffic channels (DTC), and the system operator- can dynamically
replace one type with the other to accommodate fluctuating traffic patterns
among analog and digital ﬁ%sers The AVCs and DTCs are nnplemented by
frequency modulatmg radio carrier 31gnals, whxch have frequencles near 800

4
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megahertz (MHz) such that each radio channel has a spectral width of 30

kilohertz (KHz).
In a TDMA cellular radiotelephone system, each radio channel is

_ divided into a series of time slots, each of which contains a burst of

information from a data source, e.g., a digitally encoded portion of a voice
conversation. The time slots are grouped into successive TDMA frames
having a predetermined duration. The numper of time slots in each TDMA
frame is related to the number of different users that can simultaneously
share the radio channel. If each slot in a TDMA frame is assigned to a
different user, the duration of a TDMA frame is the minimum amount of
time between successive time slots assigned to the same user.

The successive time slots assigned to the same user, which are
usually not consecutive time slots on the radio carrier, constitute the user’s
digital traffic channel, which may be considered a logical channel assigned to
the user. As described in more detail bglow, digital c_ontrol channels
(DCCs) can also be provided for communicating control signals, and such a
DCC is a logical channel formed by a succession of usually non-consecutive
time slots on the radio carrier. -

According to IS-54B, each TDMA frame consists of six consecutive
time slots and has a duration of 40 milliseconds (msec). Thus, each radio
channel can carry from three to six DTCs (e.g., three to six telephone

_conversations), depending on the source rates of the speech coder/decoders

(codecs) used to digitally encode the conversations. Such speech codecs can
operate at either full-rate or half-rate, with full-rate codecs being expected to
be used until half-rate codecs that produce acceptable speech quality are
developed. A full-rate DTC requires twice as many time slots in a given
time period as a half-rate DTC, and in IS-54B, each radio channel can carry
up to three full-rate DTCs or up to six half-rate DTCs. Each full-rate DTC
uses two slots of each TDMA frame, i.e., the first and fourth, second and
fifth, or third and sixth of a TDMA frame’s six slots Each half-rate DTC
uses one time slot of each TDMA frame Dunng each DTC -fime slot, 324

qvév%g%



-marked as LON the nobile or renpte shall neasure these contfo
a mnimumrate of (12/16)/2 per superframe. Thus, the total ;
measurenents in this exanple per superframe would then be:
(12/16)*8 + ((12/16)/2) x 8 =9 To facilitate sleep

for the nobile or renpte stations, the basic procedure out™
be adjusted by the nobile or renpte station to reduce the freqteqg
of neasurenents required. The foll ow ng di scussion describes three ~
exenpl ary techni ques which may be used by the nobile or renote station ¥

reduce the neasy : ed}q?lh-, t 0 M 4 1% Y, dr ai n. ‘
The fl owchart ﬁ’t‘lﬁ |gl%%;n§ﬁ%dl us rg{]glg ﬁéﬁ@fg@é’n@p@a@%’ ?ggas'{egﬂ’of%g reduci ng
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overhead signalling for purposes such as synchronization.

It can be seen that the TDMA cellular system operates in a buffer-
and-burst, or discontinuous-transmission, mode: each mobile station
transmits (and receives) only during its assigned time slots. At full rate, for
example, a mobile station might transmit during slot 1, receive during slot 2,
idle during slot 3, transmit during slot 4, receive during slot 5, and idle
during slot 6, and then repeat the cycle during succeeding TDMA frames.
Therefore, the mobile sta‘t’ion, which may be battery-powered, can be
switched off, or sleep, to save power during the time slots when it is neither
transmitting nor receiving. In the IS-54B system in which the mobile does
not transmit and receive simultaneously, a mobile can sleep for periods of at
most about 27 msec (four slots) for a half-rate DTC and about 7 msec (one
slot) for a full-rate DTC.

In addition to voice or traffic channels, cellular radiocommunication
systems also provide paging/access, or control, channels for carrying call-
setup messages between base stations and mobile stations. According to
IS-54B, for example, there are twenty-one dedicated analog control channels
(ACCs), which have predetermined fixed frequencies located near 800 MHz.
Two frequency bands, each about 25-MHz wide .(the A- and B-bands), are
provided for transmission and reception. The AVCs and DTCs are also
located within the A- and B-bands. Since these ACCs are always found at
the same frequencies, they can be readily located and monitored by the
mobile stations.

It will be understood that a communication system that uses ACCs
has a number of deficiencies. For example, the format of the forward
analog control channel specified in IS-54B is largely inflexible and not
conducive to the objectives of modern cellular telephony, including the
extension of mobile station battery life. 'In particular, the time interval



cunul atively reduced by sone factor for each test that is validated.

- However, those skilled in the art will readily appreciate that these three
tests could be used on their own or in various conbinations rather than
bei ng cunul ative as set forth in this exenplary enbodi rent. At

deci sion block 600, the first test is inplenented by determning if the
current control channel has been serving the nobile or renote station for
nmore than a predetermi ned period of tine, for exanple, one hour. This test
can be used, for exanple, to reduce neasudenents when the renpte station is
not noving. If so, then the flow noves to block 610 where the neasurenent
frequency on coletwsen tlansmissien pfieartain broadeast messagesiiyyfines and; the orden ine

reduced by some yaf GAGLELIES UG n{fdTddqS a1sb Hgif X AT, Gnobile s ar@'refuifRa
to re-read messages that may not have changed, wasting battery power.
These deficiencies can be remedied by providing 2 DCC, one example of
which is described in U.S. Patent Application No. 07/956,640 entitled
"Digital Control Channel", which was filed on October 5, 1992, and which
is incorporated in this application by reference. Using such DCCs, each IS-
54B radio channel can carry DTCs only, DCCs only, or a mixture of both
DTCs and DCCs. Within the IS-54B framework, each radio carrier
frequency can have up to three full-rate DTCs/DCCs, or six half-rate
DTCs/DCCs, or any combination in-between, for example, one full-rate and
four half-rate DTCs/DCCs. As described in this application, a DCC in
accordance with Applicant’s invention provides a further increase in
functionality. _

In general, however, the transmission rate of the DCC need not
coincide with the half-rate and full-rate specified in IS-54B, and the length of
the DCC slots may not be uniform and may not coincide with the length of
the DTC slots. The DCC may be defined on an IS-54B radio channel and
may consist, for example, of every n-th slot in the stream of consecutive
“TDMA slots. In this case, the length of each DCC slot may or may not be
equal to 6.67 msec, which is the length of a DTC slot according to IS-54B.
Alternatively (and without limitation on other possible alternatives), these
DCC slots may be defined in other ways known to one skilled in the art.

Also, U.S. Patent Application Serial No. 07/956,640 also shows how
a DCC may be defined alongside the DTCs specified in 1S-54B. For
example, a half-rate DCC could occupy one slot and a full-rate DCC could
occupy two slots out of the six slots in each TDMA frame. For additional
DCC capacity, additional half-rate or full-rate DCCs could replace DTCs.
In general, the transmission rate of a DCC need not coincide with the half-
rate and full-rate specified in IS-54B, and the length of the DCC time slots

REPLACENENT s—;—
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by this test and the flow noves to 620. The secgn '
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channel and the control channels in the
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need not be uniform and need not coincide with the length of the DTC time*
slots. _

FIG. 1 shows a general example of a forward DCC configured as a
succession of time slots 1, 2, . . ., N, . . . belonging to a particular DCC.
These DCC slots may be defined on a radio channel such as that specified by
IS-54B, and may consist, for example, of every n-th slot in a series of N
consecutive slots. Each DCC slot has a duration that may or may not be
-6.67 msec, which is the length of a DTC slot according to the IS-54B
standard. The DCC slots shown in FIG. 1 are organized into superframes
(SF), and each superframe includes a number of logical channels that carry
different kinds of information. One or more DCC slots may be allocated to
each logical channel in the superframe. |

FIG. 1 also shows an exemplary downlink superframe, which
includes at least three logical channels: a broadcast control channel (BCCH)
including six successive slots for overhead messages; a paging channel
(PCH) including one slot for paging messages; and an access response
channel (ARCH) including one slot for channel assignment and other
messages. The rémaining time slots in the exemplary superframe of FIG. 1

_ may be dedicated to other logical channels, such as additional paging
channels PCH or other channels. Since the number of mobile stations is
usually much greater than the number of slots in the superframe, each paging

_ slot is used for paging several mobile stations that share some unique
characteristic, e.g., the last digit of the MIN. ’

For purposes of efficient sleep mode operation and fast cell selection,
the BCCH may be divided into a number of sub-channels. U.S. Patent
Application No. 07/956,640 discloses a BCCH structure that allows the
mobile station to read a minimum amount of information when it is switched
on (when it locks onto a DCC) before being able to access the system (place
or receive a call). After being switched on, an idle mobile station needs to
regulérly monitor only its assigned PCH slots (usually one in each
superframe); the mobile can sleep during other slots. The ratio of the



nei ghbor list. An average received signal strength can be used to provide a
"statistically accurate representation, as opposed to any one i nstantaneous
measur enent which coul d be skewed due to, for exanple, Rayleigh fading. For
t he purposes of this exanple, assune that the nobile or renpte station
keeps a running average of the last five signal strength neasurenents for
each neasured frequency. Then, the conpound test expressed by deci sion

bl ock 620 and 630 is as follows. If the rate of change of the average
received signal strength on the servingéghannel is not |ess than sone
predeterm ned threshold rate, for exanple, 7 dB over a previous five

mi nut es, then mobiledsitimei spentireadingepagingsmessegss and its dimensppnt a518£A1S ant ed and

the flow noves d to block 650. Ot.herLw I v, eci sion
bl ock 630 and ‘?Q"%P abje 2n mpﬁﬁams\ﬁé?ﬂ%&%@%ﬁéﬂgse&?“%% %\? rg'geg recei ved
si gnal strengtdpnQimptidn.0f the control channels in the neighbor list is |ess

t han sonme predetern ned threshold rate, for exan;pl (;h 7 dB o¥er a previous
five As such hybrid analog/digital systems mature, the number of analog

users should diminish and the number of digital users should increase until
all of the analog voice and control channels are replaced by digital traffic
and control channels. When that occurs, the current dual-mode mobile
terminals can be replaced by less expensive digital-only mobile units, which
would be unable to scan the ACCs currently provided in the IS-54B system.
One conventional radiocommunication system used in Europe, known as
GSM, is already an all-digital system, in which 200-KHz-wide radio
channels are located near 900 MHz. Each GSM radio channel has a gross
data rate of 270 kilobits per second and is divided into eight full-rate traffic
channels (each traffic time slot carrying 116 encrypted bits).

Digital control and traffic channels are also desirable for other
reasons described in U.S. Patent Application No. 08/147,254, entitled "A
Method for Communicating in a Wireless Communication System", which
was filed on November 1, 1993, and which is incorporated in this
application by reference. For example, they support longer sleep periods for
the mobile units, which résults in longer battery life. Although IS-54B
provides for digital traffic channels, more flexibility is desirable in using
digital control channels having expanded functionality to optimize system

‘dapacity and to support hierarchical cell structures, i.e., structures of
macrocells, microcells, picocells, etc. The term "macrocell" generally refers
to a cell having a size comparable to the sizes of cells in a conventional
cellular telephone system (e.g., a radius of at least about 1 kilometer), and
the terms "microcell” and "picocell” generally refer to progressively smaller
cells. For example, a microcell might cover a public indoor or outdoor
area, e.g., a convention center or a busy street, and a picocell might cover
an office corridor or a floor of a high-rise building. From a radio coverage

perspective, macrocells, microcells, and picoceﬂs may be distinct from one




mnutes. If so, then the neasurenent "frequency or rate of the control -
-channels in the neighbor list can be reduced by sone predeterm ned factor,
e.g., two. @herwise, no reduction in the rate of frequency is warranted.
In either case, the flow noves on to the third test at bl ock 650.

Therein, it is determ ned whether or not the rate of change of a difference
bet ween the average received signal strength of the serving control channel
and of some specific entry in the neighbor list is |ess than sone
predeterm ned threshold rate, e.g., 10-dB-over the last five mnutes. If

so, then the neasurenent frequency or rate of the control channels in the
nei ghbor |i st anathet bemayovedapioesiangshes to handle diffemnt trffigpagterns@ at bl ock
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transmits at least one control channel. Thus, a number of neighboring
control channels are present for a mobile or remote unit to evaluate as a
possible replacement for the current serving control channel to which it is
locked.

Accordingly, both ACCs and DCCs will be periodically evaluated by
the mobile station for possible control channel reselection. Conventionally,
for example, when in an idle state (i.e., switched on but not making or
receiving a call), a mobile station in an IS-54B system tunes to and then
regularly monitors the strongest control channel (generally, the control
channel of the cell in which the mobile station is located at that moment) and
may receive or initiate a call through the corresponding base station. When
moving between cells while in the idle state, the mobile station will
eventually "lose” radio connection on the control channel of the "old" cell
and tune to the control channel of the "new" cell. The initial tuning and
subsequent re-tuning to control channels are both accomplished automatically
by scanning all the available control channels at their known frequencies to
find the "best" control channel. The terms "scan" or "scanning” as used in
this document, can refer to, for example, signal strength measurement,
actual signal decoding, or any other method of evaluating a signal.

When a control channel with good reception quality is found, the
mobile station remains tuned to this channel until the quality deteriorates
again. In this way, mobile stations stay "in touch” with the system. The
analog (non-slotted) control chanhels specified in IS-54B require the mobile
stations to remain continuously (or at least 50% of the time) "awake” in the
idle state, at least to the extent that they must keep their receivers switched
on. Thus, these conventional systems typically evaluate candidate control
channels for reselection purposes at some predetermined, fixed intervals.

According to a more recent innovation in cell reselection disclosed in




15- The aforedescri bed process illustrates exenplary ways in which -
‘nunber of neasurenents taken by the nobile or renote station on channels in
t he nei ghboring list nmay be reduced to conserve battery power. As the

condi tions which triggered the reduction in measurenment frequency change
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is configured to broadcast information about the presence, if any, of other
cells and the characteristics of those cells including minimum quality criteria,
power requirements, etc. Typically, information about the presence of other
cells is broadcast about neighboring cells. For instance, a neighboring cell
may be adjacent to, overlapping, or non-contiguous from the broadcasting
cell. A mobile periodically scans during idle mode the neighboring control
channels in the coverage area that the mobile is located in to determine
which cell it should be locked to. Each control channel includes a neighbor
list. The neighbor list identifies other control channels which mobiles locked
to that control channel should periodically evaluate. Thus, a mobile may
continuously select cells to be locked to based on the existing location of the
mobile and quality criteria (e.g., received signal strength) associated with the
cells. The cell to which the mobile may be locked is the cell in which the

- mobile satisfies the quality criteria associated with the cell.

While in the idle state, and in addition to evaluating control channels
as potential reselection candidates, a mobile station must monitor the control
channel for péging messages addressed to it. For example, when an
'ordinary telephone (land-line) subscriber calls a mobile subseriber, the call is
directed from the public switched telephone network (PSTN) to a mobile
switching center (MSC) that analyzes the dialed number. If the dialed
number is validated, the MSC requests some or all of 2 number of radio base
stations to page the called mobile station by transmitting over their respective
control channels paging messages that contain the mobile identification
number (MIN) of the called mobile station, Each idle mobile station
receiving a paging message compares the received MIN with its own stored
MIN. The mobile station with the matching stored MIN transmits a page
response over the particular control channel to the base statibn, which
forwards the page response to the MSC.

Upon receiving the page response, the MSC selects an AVC or a
DTC available to the base station that received the page response, switches
on a corresponding radio transceiver in that base station, and causes that

CoLACEMENT SHEET




so that those conditions no longer hold, then the correspqadi ng reduction
I n nmeasurenent frequency can be revoked. For exanple, the PR S _
éﬁ@ﬂug

illustrated in Figure 6 can be perforned periodically, e.f.
Thus, if a nobile had previously reduced its neasurenent ffrfequer
control channels on the neighbor list based on satisfactfo
I n block 600 and, in a subsequent iteration the nobile
serving control channel, the reduction of block 610 woulfd b&
In addition to being "awake" to nmeasure <®ntrol channel 5 J
renote station is al so awake periodically so that it can recei age.
b ] e} wohe eal Po
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cell in a differoph, LO6a! haAled w ARk AVEG!BYC. o the mobile will not
As noted above, one of the goals of a digital cellular system is to
increase the user’s "talk time", i.e., the battery Life of the mobile station.
To this end, U.S. Patent Application No. 07/956,640 discloses a digital
forward control channel (base station to mobile station) that can carry the

types of messages specified for current analog forward control channels
(FOCCs), but in a format which allows an idle mobile station to read
overhead messages when locking onto the FOCC and thereafter only when
the information has changed; the mobile sleeps at all other times. In éuch a
system, some types of messages are broadcast by the base stations more
frequently than other types, and mobile stations need not read every message
broadcast.

While the innovative system described in the aforementioned patent
application provides many benefits in terms of efficient sleep mode operation
with respect to paging, additional features may be advantageous. For
example, it would be advantageous to provide the capability to temporarily
reassign a mobile or remote station to a different paging class to provide the
flexibility necessary for changing system conditions in a cell specific
manner.

SUMMARY

Accordingly to exemplary embodiments of the present invention,
mobile or other remote units are able to sleep for longer periods of time, and
battery life is extended, by optimizing the periodicity at which the remote
unit measures control channels on a neighboring list to determine if a new
control channel should replace the serving control channel. According to
other exemplary embodiments of the present invention, a paging frame class
which has been assigned to the remote unit can be modified so that the
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and a fourth paging frane

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing, and other, objects, features and advantages of the
present invention will be more readily understood upon reading the following
detailed description in conjunction with the drawings in which:

Figure 1 depicts an exemplary forward digital control channel;

Figure 2 shows an example of a hierarchical cell structure;

Figure 3 is a flowchart illustrating control channel measurement
according to an exemplary embodiment of the present invention;

Figure 4 is an illustration of different paging frame classes;

Figure 5 depicts an exemplary SPACH header; and

Figure 6 represents a block diagram of an exemplary cellular mobile

radiotelephone system.

DETAILED DESCRIPTION

According to exemplary embodiments of the present invention, the
measurement periodicity for evaluating control channels for potential
reselection of the serving control channel can be optimized to increase "sleep
time* of the remote unit and extend battery life. Briefly, control channels
are used for setting up calls, informing the base stations about locations and

parameters associated with mobile stations, and informing the mobile stations

about locations and parameters associated with the base stations. The base
stations listen for call access requests by mobile stations and the mobile
stations in turn listen for paging messages.

. Future systems will employ additional cells. For exémple, new
systems may include any combination of macrocells, indoor microcells,
outdoor microcells, public microcells and restricted or private microcells.
new systems therefore will likely be designated to incorporate an increasing
number of control channels. Currently; there are approximately twenty-one
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analog control channels available for a cluster in a typical system employéd
in the United States.

FIG. 2 is an exemplary hierarchical, or multi-layered, cellular
system. An umbrella macrocell 10 represented by a hexagonal shape makes
up an overlying cellular structure. Each umbrella cell may contain an
underlying microcell structure. The umbrella cell 10 includes microcell 20
represented by the area enclosed within the dotted line and microcell 30
represented by the area enclosed within the dashed line corresponding to
areas along city streets, and picocells 40, 50, and 60, which cover individual
floors of a building. The intersection of the two city streets covered by the
microcells 20 and 30 may be an area of dense traffic concentration, and thus
might represent a hot spot. ' '

Each of the cells illustrated in Figure 2 will include a base station
transmitting on at least one control channel. Consider the remote station,
e.g., a portable unit, which is travelling down the city streets and up into the
building including picocells 40: 50, and 60. During various portions of this
transit, potentially all of the control channels associated with the umbrella
cell 10, the microcells 20 and 30 and the picocells 40, 50, and 60 may be
transmitted on the neighbor list of control channel candidates for reselection.
Evaluating those control channels to determine if reselection is desirable is
performed by having the remote station scan those channels (e.g., measure
the received signal strength (RSS) or decode portions of the signal).

The periodicity with which a mobile or remote station scans the
control channels in the neighbor list during the idle mode can be controlled
according to exemplary en.lbodiments of the present invention as follows.
Two information elements can be transmitted on the broadcast control
channel (BCCH) for the mobile or remote unit to receive that are related to
this scanning process. A SCANFREQ information element can be sent in
the control channel selection message on the BCCH to inform the mobile or
remote station about a default minimum number of signal strength
measurements to be made per time period, for example, per superframe.



frame class assignnent, then that shall be the assigned paging franme class
for the nobile. G herwise, the nobile can retain the default paging frane
class of PF[err]. Havi ng been assigned a paging frane class, either
by default or through the registration response, the nobile station shal
then awaken to determine if it is being paged nore or |ess frequently based
upon its paging frane class. According to exenplary enbodi nents of the
present invention, the system can adjust the frequency with which the
nobi |l e station amakens to nmonitor the padﬂng channel without - actually
changing the nmobile station's
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frequently a no e or renote unit is paged, the |ess caII-setup del ay

there will be. mgpnﬁamgs,tthemwcssecheedmenwfyrrgd o Hi-$.Patent Applisatioad t he nore
often a nobile st NGVHIEH7 23 incorporated above. Briefly, each superframe

includes a complete set of F-BCCH information (i.e., a set of Layer 3
messages), using as many siots as are necessary, and that each superframe
begins with a F-BCCH slot. After the F-BCCH slot(s), the remaining slots
in each superframe include one or more (or no) slots E-BCCH, S-BCCH and

SPACH logical channels. A hyperframe consists of two superframes. Thus,
the mobile station will perform a total of SCANFREQ signal strength
measurements per superframe regafdless of the size of the neighbor list.
Alternatively, SCANFREQ can indicate measurements per ti_me interval,
e.g., superframe, for each entry in the neighbor list.

The number of measurements made by the mobile station on each
control channel in the neighbor list per time interval raises an interesting
tradeoff. On the one hand, the more measurements which are made, the

* more accurate the measurement information will be. On the other hand, the
greater the number of measurements, the greater the drain on the mobile or
remote unit’s battery. Since it may be desirable to allow the mobile to take
a greater or lesser number of measurements on particular control channels in
the neighbor list to finely balance these competing factors, the default
SCANFREQ frequency or rate can be modified by a second parameter,
denoted HL_FREQ), as described below.

The HL_FREQ information element is transmitted in the neighbor
list. For each entry in the neighboring list there is an associated HL,_FREQ
information element. If the HL_FREQ is set to HIGH, this particular
control channel is to be measured using the default frequency or rate defined
by the SCANFREQ parameter. If, on the other hand, the HL_FREQ
information element is set to LOW, this particular control channel can be
measured, for example, at half the frequency or rate required by the default
SCANFREQ parameter. Of course those skilled in the art will recognize

Remomm & SHEED \

21 NOL‘,(J




potentially receive a page, resulting in greater batt:
-during periods such as nighttinme hours or other tinmesjw
with the nobile or renpte station is expected to be l{eg
exenpl ary enbodi nents of the present invention provi
allowing the nobile or renote station to sleep | onge
greater tolerance for call-setup delay. Thi s
exanpl e, by transmitting a paging frame ifier (P
;he HDFI|E statlon in aroutinely transmtted overhead ness .
igital control nnel e VHIHRE f ;ﬂgj1 e PFM
I's i.n a header gf tt W@aﬁéﬁ%@& .,wtﬂr‘eﬁl Clﬁpg%g'ghanng ﬂlgThe
SPACH channel , aftridgtes désoribed ibuvenearﬂataay land poulé de aenevsedi ncor porated U. S.

Pat ent Application Seri al . 08/147,.25 | e h
are used to carry pot Rfei“H“ Bi FRAR é bé‘ﬁ %é?riﬁﬁ%%ﬁﬁlﬁégg&%\m :
exenpl ary SPACHGFQAR&N have HL_FREQ set to HIGH and eight of which have HL_FREQ

set to LOW. If the SCANFREQ parameter is set to be 12 measurements per’
superframe, then the number of measurements for entries marked as HIGH

can be measured at a minimum rate of 12/16 per superframe. For entries

marked as LOW, the mobile or remote shall measure these control channels

at a minimum rate of (12/16)/2 per superframe. Thus, the total number of

measurements in this example per superframe would then be: |
(12/16)*8 + ((12/16)/2)x 8 =9

To facilitate sleep mode efficiency for the mobile or remote stations,
the basic procedure outlined above can be adjusted by the mobile or remote
station to reduce the. frequency or rate of measurements required. The
following discussion describes three exemplary techniques which may be
used by the mobile or remote station to reduce the measurement frequency
and thereby minimize battery drain.

The flowchart in Figure 3 illustrates three exemplary tests for
reducing the measurement frequency of control channels in the neighboring
list as a cumulative procedure such that the measurement frequency can be
cumulatively -reduced by some factor for each test that is validated.
However, those skilled in the art will readily. appreciate that these three tests
could be used on their own or in various combiriations rather than being -
cumulative as set forth in this exemplary embodiment.

At decision block 600, the first test is implemented by determining if
the current control channel has been serving the mobile or remote station for
more than a predetermined period of time, for example, one hour. This test
can be used, for example, to reduce measurements when the remote station
is not moving. If so, then the flow moves to block 610 where the
measurement frequency on control channels identified by the neighbor list
can be reduced by some predetermined factor, for example, a factor of two.



-17- including the PFMbit is illustrated as Figure 5. By adjusting the
‘paging frane class of a nobile or renpte unit in this way, a cell specific
adj ust nment '

-14 -
If not, then no reduction in the frequency measurement is indicated by this
test and the flow moves to 620. |

The second exemplary test is based on an average received signal
strength (RSS) for the serving control channel and the control channels in the
neighbor list. An average received signal strength can be used to provide a
statistically accurate representation, as opposed to any one instantaneous
measurement which could be skewed due to, for example, Rayleigh fading.
For the purposes of this example, assume that the mobile or remote station
keeps a running average of the last five signal strength measurements for
each measured frequency. Then, the compound test expressed by decision
block 620 and 630 is as follows. If the rate of change of the average
received signal strength on the Serving channel is not less than some
predetermined threshold rate, for example, 7 dB over a previous five
minutes, then no reduction in the measurement frequency is warranted and
the flow moves down to block 650. Otherwise, the flow moves to.decision
block 630 and it is determined whether the change in the average received
signal strength on all of the control channels in the neighbor list is less than
some predetermined threshold rate, for example, 7 dB over a previous five

“minutes. If 50, then the measurement frequency or rate of the control
channels in Ithe neighbor list can be reduced by some predetermined factor,
e.g., two. Otherwise, no reduction in the rate of frequency is wanar{ted. In
eithér case, the flow moves on to the third test at block 650.

Therein, it is detefmined whether or not the rate of change of a
difference between the average received signal strength of the serving control
channel and of some specific entry in the neighbor list is less than some
predetermined threshold rate, e.g., 10 dB over the last five minutes. If so,
then the measurement frequency or rate of the control channels in the
neighbor list can then be reduced by a factor, for example, two at block 660.
Otherwise, no reduction is warranted and in any event the procedure is then

completed.
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‘requires an entire registration area, i.e., potentially manyf C@g Yo
and synchroni zati on can be mai ntai ned. Thus, the PFM fiel d ifs jagtek!
in the sense that it is transmtted to every nobile or reno
opposed to a page which is directed to a particular renote jor
station. According to exenplary enbodi nents of the prd
i nventi on, the paging frame nodifier canjgamprise a single/bit
set to binary "0", indicates that the nobile unit should c0
its assigned pagi ng Theodforedbseaibed bfoceisaﬂmxmes dxhaplEﬁl\ﬂvhystmlwhleleth O

"1" then the nobile statlon vaI st its itng frane cl as for
exanpl e, to the? r‘Pg‘e*‘b‘l’X eE}(’Q@ %%W@ﬁdnég’éune that

a mobi I e statiog tﬂéﬁeg %et&dﬁﬁﬁ'taﬂoﬁ*%%aﬁéﬁsp%v%r(%szﬁxeSUCh t hat
It nmonitors its pagin r a page every other “hyperfrane. Then,

assume that t hecqndgnongwm:Mgwdd thecredu¢tiontin measurement foaqueney cbangsH channel
|'s subsequent| Ys tﬁ&t t&lgse conditions no longer hold, then the corresponding reduction in

measurement frequency can be revoked. For example, the process illtstrated
in Figure 6 can be performed periodically, e.g., every minute. Thus, ifa
mobile had previously reduced its measurement frequency of the control
channels on the neighbor list based on satisfaction of the criteria in block
600 and, in a subsequent iteration the mobile had changed its serving control
"channel, the reduction of block 610 would be revoked.

In addition to being "awake" to measure control channels, a mobﬂé
or remote station is also awake periodically so that-it can receive a page.
Specifically, the mobile may be paged at any time, therefore the mobile must
be locked to a particular cell in a location area so that the mobile may
receive the page. For example, if the mobile has moved out of the location
area of a first cell to which the mobile was locked to a second cell in a
different location area, a paging request for the mobile will not be heard or
received because the mobile switchiné center, or MSC, will page the mobile
over a paging channel available to the location area in which the mobile is
registered. Thus, a paging request would not be received by the mobile in
the distant location area if it is not registered.in that location area.
Therefore, the mobile should register with a new base station when entering
a new location area.

According to exemplary embodiments of the present invention, pages
are rep&ted periodically and the mobile station can be assigned to a paging
frame class at registration to take advantage of knowledge of this periodicity
to remain asleep longer. Exemplary paging frame classes are illustrated in
Figure 4. Therein note that a first paging frame class is defined as being
every hyperframe, a second paging frame class spans two hyperframes, a
third paging frame class spéns' three hyperframes, and a fourth paging frame



binary "1". At this point, the nobile will act as if its’ 2‘;“;‘2 G G
frame class is PF3 and will sleep longer until the PFM rejert A0 SHERY
Mobil es or renpte stations which are asl eep when the PFM| sTkFin“g‘é‘S"“Wi“T‘Tj '

nonet hel ess beconme quickly aware in their change of pagi

gifrg f
since, according to this exanple, the PFMis transmttedjag a lr)‘wayme[
SPACH header . The foregoi ng has descri bed nobil e né‘b‘as&s*&&:i:% 1

operation in terns of functional qualitiegg-Wile specific hardware ]
i npl ement ati ons of such stations per se are known to those ski !
art, a brief exactpisespans founbypepfraress cWhee the moliile Bations registerssitaal ock

exenp ary base. SEREPBADY SEenghi spaine et b PECBERTE, o, Top 70

i ncl udes a cont r RbistAGordfedpetss. Hthe Rédistiation \iipbhise conRREAdve gagdiflg t he MSC
140 which in turnis connected to the PSTN (not shown). ,Geggéa asgqects of
such cel | ul ar r affame elaspassigaments themthat shalk e e ‘Pﬁ‘g{‘%%%ﬁ“lg, eglassfrbed by

the above-cited ge mobile, Otherwise, the mobile can retain the default paging frame class
of PF,.

Having been assigned a paging frame class, either by default or
through the registration response, the mobile station shall then awaken to
determine if it is being paged more or less frequently based upon its paging
frame class. According to exemplary embodiments of the present invention,
the system can adjust the frequency with which the mobile station awakens
to monitor the paging channel without actually changing the mobile station’s
assigned. paging frame class. This provides a solution to another dilemma
facing system deeigners, i.e., the tension between paging frequency and call-
setup delay. Consider that the more frequently a mobile or remote unit is
paged, the less call-setup delay there will be. However, the more
frequently a mobile can be paged, the more often a mobile must "awaken" to
poientially receive a page, resulting in greater battery drain. Thus, during
periods such as nighttime hours or other times when communication with the
mobile or remote station is expected to be less frequent, exemplary
embodiments of the present invention provide a mechanism for allowing the

‘ mobile or remote station to sleep longer and_take advantage of greater

+ tolerance for call-setup delay. |

This is accomplished, for example, by transmitting a paging frame

modifier (PFM) from the system. to the mobile station in a routinely
transmitted overhead message via the digital control channel. One
exemplary mechanism for transmiitting the PFM is in a header of the SPACH
channel, e.g., in every PCH subchannel. The SPACH channel, as described
in more detail in the above-incorporated U.S. Patent Application Serial No.
08/147,254, carries layer 2 messages which are used to carry point-to-point
SMS, paging or ARCH information. An exemplary SPACH Header
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including the PFM bit is illustrated as Figure 5. By adjusting the paging
frame class of a mobile or remote unit in this way, a cell specific adjustment
can be made (rather than changing paging classes upon registration which
requires an entire registration area, i.e., potentially many cells, change) and
synchronization can be maintained. Thus, the PFM field is unaddressed in
the sense that it is transmitted to every mobile or remote in a cell as opposed
to a page which is directed to a particular remote or mobile station.

According to exemplary embodiments of the present invention, the
paging frame modifier can comprise a single bit which, if set to binary *0"
indicates that the mobile unit should continue to use its assigned paging
frame class. If, hoWever, the PFM bit is set to binary "1" then the mobile
station will adjust its paging frame clasé, for example, to the next higher
paging frame class. As an example, assume that a mobile station has been
assigned to paging frame class 2 (PF,) such that it monitors its paging
channel for a page every other hyperframe. Then, assume that the paging
frame modifier bit transmitted on the SPACH channel is subsequently set to
binary "1". At this point, the mobile will act as if its assigned paging frame
class is PF; and will sleep longer until the PFM reverts to "0". Mobiles or
remote stations which are asleep when the PFM is changes will nonetheless
become quickly aware in their change of liaging frame class since, according
to this example, the PFM is transmitted as a bit on the SPACH header.

The foregoing has described mobile and base station operation in
terms of functional qualities. While specific hardware implementations of
such stations per se are known to those skilled in the art, a brief example
will now be described. FIG. 6 represents a block diagram of an exemplary
cellular rhobile radiotelephone sysfem, including an exemplary base station
110 and mobile station 120. The base station includes a control and
processing unit 130 which is connected to the MSC 140 which in tum is
connected to the PSTN (not shown). General aspects of such cellular
radiotelephone systems are known in the art, as described by the above-cited
U.S. patent applications and by allowed_U.é. Patent Application No.



Commruni cati on Systen1 by Wejke et al., and U. S. Patent Application No.
07/ 967,027 entitled "Ml ti-Mde Signal Processing", both of
|ncorporated in this application by reference. The baf
handl es a plurality of voice channels through a voice channgl ﬂ@iﬁgﬁrﬁﬁh

150, which is controlled by the control and processing unltqléo '¢T36$hg§@ﬂ?
base station includes a control channel transceiver 160, whlch N&& }
capabl e of handling nore than one control channel. The con&rol cha !
transceiver 160 is controlled by the comilBol and processing unit-430, The f
control channel transceiver 160 broadcasts_control informat4 over tha~

control channel0TH70,2% entisled SNeighber-Assisted Handpffisha Gellulascied 10 .
control channel sw&leﬁ iﬁﬂa@f@: t r 0 and 16
can be inpl enen qo'%ﬁlas %&%'}l)% e de)a {'tr% #E??o?ggﬁgn %%Rg’rﬁo
transcei ver 17Qo.fOW967% 02 MeititleDCOultModaTSignal Procesking®, bdike of svhichradi o
carrier frequencel. . . . . .
: incorporated in this application by reference.
The base station 110 handles a plurality of voice channels through a
voice channel transceiver 150, which is controlled by the control and

110

processing unit 130. Also, each base station includes a control channel
transceiver 160, which may be capable of handling more than one control
channel. The control channel transceiver 160 is controlled by the control
and processing unit 130. The control channel transceiver 160 broadcasts
control information over the control channel of the base station or cell to

~ mobiles locked to that control channel. It will be understood that the
transceivers 150 and 160 can be implemented as a sing_le device, like the
voice and control transceiver 170, for use with DCCs and DTCs that share
the same radio carrier frequency.

The mobile station 120 receives the information broadcast on a
control channel at its voice and control channel transceiver 170. Then, the
processing unit 180 evaluates the received control channel information,
which includes the characteristics of cells that are candidates for the mobile
station to lock: on to, and determines on which cell the mobile should lock.
A&vantageously, the received control channel information not only includes

~ absolute information concerning the cell with which it is associated, but also
contains relative information concerning other célls proximate to the cell
with which the control channel is associated, as described in U.S. Patent
No. 5,353,332, which is incorporated in this application by reference.

~ The above-described exemplary embodiments are intended to be

illustrative in all respects, rather than restrictive, of the present invention.
Thus the present invention is capable of many variations in detailed
implementation that can be derived from the description contained herein by
a person skilled in the art. All such variations and modifications are



The nobile station 120 receives the infornmati on broadcast on a control

- channel at its voice and control channel transceiver 170. Then, the
processing unit 180 evaluates the received control channel information,
whi ch includes the characteristics of cells that are candidates for the
nmobile station to lock on to, and determ nes on which cell the nobile
shoul d | ock. Advant ageously, the received control channel information not
only includes absolute information concerning the cell with which it is
associ ated, but also contains relative-il®formation concerning other cells
proximate to the cell with which the contgol %Rannel-Ls associ ated, as

- described in comidered tmbe withinsthg scopgand SpERLQf EPF%E%‘B}S?@P din this
application b ef er epc : .The above-descri bed exenpl ary enbodi nents
are intended %‘Sﬁ%ﬂlf ﬁﬁgfp}lgmn\geclﬁxﬁﬁél | respects, rather than restrictive,
of the present invention. Thus the present invention is capable of many
variations in detailed inplenentation that can be derived fromthe
description contained herein by
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WHAT IS CL IS:

1. A method for scanning a plurality of neighboring control

channels in a radidcommunicgtion system comprising the steps of:

transmitting, on a control channel which is currently serving a
remote station, a default scanning frequency at which said remote station is
to scan at least one of said neighboring control channels;

modifying said default scarining frequency based on some
predetermined criteria; and

scanning, at said remote station, at least one of said plurality
of neighboring control channels at said modified default scanning frequency.

2. The method of claim 1, further comprising the step of:

transmitting, on said current control channel, a parameter as said
predetermined criteria associated with each of said plurality of neighboring
control channels which can be used to modify said default scanning
frequency or to leave said default scanning frequency unchanged.

" 3. The method of claim 2, wherein said parameter is an HL
FREQ variable which has a high value when said default scanning frequency
is to remain unchanged and a low value when said default scanning
- frequency is to be reduced. |

4.  The method of claim 1, wherein said modifying step further
comprises the step of:
~ reducing said default scanning frequency if smd current control
channel has been serving said remote station for greater than a predetermined
time period. '

S. The method of claim 1, wherein said modifying step further

comprises the step of: ; T
This Sheet Hag Bee

Hllllll T



- 19 - considered to be within the scope and spirit of the present
I nvention as defined by the follow ng cl ains.
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reducing said default scanning frequency if a change of an average
received signal strength on said current control channel is less than a first
predetermined threshold and a change of an average received signal strength
on said neighboring control channels is less than a second predetermined
threshold.

6. The method of claim 5, wherein both said first and second
predetermined thresholds are 7 dB over five minutes.

7. The method of claim 1, wherein said modifying step further
comprises the step of:

reducing said default scanning frequency if a change of a difference
between an average received signal strength of the current control channel
and an average received signal strength of one of said neighboring control
channels is less than a predetermined threshold.

8. The method of claim 7, wherein said predetermined threshold
is 10 dB over five minutes.

9. A base station comprising:

a transmitter for transmitting supervisory data messages on a
control channel and for providing neighboring lists to remote units;

said supervisory data messages mcludmg an instruction for
remote stations to scan at least one control channel identified in said .
neighboring lists a number of times per some predetermined time period; and

wherein said néighbon’ng lists include a parameter associated
with at Ieast one of said control channels identified therein specifying
whether said number of times is to remain the same or be reduced for said at
least one of said control channels.

“t
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VWHAT IS CLAI MED | S: - 1. A method for evaluating a
‘plurality of control channels in a radi ocomruni cati on system
conprising the steps of: providing a d |t frequency of

signal strength neasurenent for at |east one
control channels to be nade by a renote statlon V\/mch |/§! w
served by a current control channel; redu ’"HH ﬂﬂ’é
frequency of signal strength measur ement for at | east bnen
plurality of control channels if said current control channel has been

serving said renote station for greater +132R a predeterm ned tine period;

and 10 scanning, at said renpte station, said at |east one of
said plurality of cod@.r ol The base station of claim 9, wherein said parameter is an HL

FREQ variable which has a high value when said number of time is to
remain the same and a low value when said number of times is to be
reduced.

11. A mobile station comprising:

a receiver for receiving supervisory data messages on a
control channel and neighboring lists identifying other control channels;

means for scanning channels;’

said supervisory data messages including an instruction for
said mobile station to scan, at a first rate, at least one of said other control
channels identified in said neighboring lists; and

wherein said neighboring lists include a parameter associated
with at least one of said control channels identified therein specifying
whether to scan said at least one of said other control channels at said first |
rate or to scan said at least one of said other channels at said first rate
divided by a predetermined number.

12.  The mobile station of claim 11, wherein said parameter is an
HL FREQ variable which has a high value when said number of time is to
remain the same and a low value when said number of times is to be
reduced. '

13. A method for commanding a remote station to listen for pages
in a radiocommunication system comprising the steps of:
providing a plurality of paging frame classes, each class
having a different repeat period for listening for paging messages;
assigning one of said plurality of paging frame classes to said

remote station when said remote station registers with said system; and

REPLACEMENT SHEET .. This Sheet Has Been Replaced
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commands said mobile to either use said assigned paging frame class or to

use a different paging frame class.

14.  The method of claim 13, wherein said different paging frame
class is a class having a next highest repeat period relative to said assigned
paging class. |

15.  The method of claim 13, wherein one of said plurality of
paging frame classes has a listening i'epeat period of every two superfra.mes
and another of said plurality of paging frame classes has a listening repeat
period of every four superfra'zmes.

16. A method for evaluating a plurality of control channels in a

- radiccommunication system comprising the steps of:

providing a default frequency of signal strength measurement

. for at least one of said plurality of control channels to be made by a remote

station;
reducing said default frequency for at least one of said
plurality of control channels if a current control channel has been serving

“said remote station for greater than a predetermined time period; and

scanning, at said remote station, said at least one of said
plurality of control channels at said reduced frequency.

17.  The method of claim 16, wherein said step of providing
further comprises the step of: _
transmitting, on said current control channel, said default
frequency for scanning by said remote station.

18. A method for evaluating a plurality of control channels in a

radiocommunication system comprising the steps of:
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one of said plur: ol channels if a first change of an average
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channelf at said reduced frequency of

providing a default frequency of signal strength measurement
for at least one of said plurality of control channels to be made by a remote
station; '

reducing said default frequency for at least one of said
plurality of control channels if a of change of an average received signal
strength on a current serving control channel is less than a first
predetermined threshold and if a change of an average received signal
strength on said plurality of contrg] chanfiels is less than a second
predetermined threshold; and
measuring, at said remote station, said plurality of control

channels at said reduced frequency.

19.  The method of claim 18, wherein said step of providing
further comprises the step of:
transmitting, on said current control channel, said default
frequency of signal strength measurement to be made by said remote station.

20. A method for evaluating a plurality of control channels in a

radiccommunication system comprising the steps of:

providing a default frequency of signal strength measurement
for at least one of said plurality of control channels to be made by a remote

- Station;

reducing said default frequency for at least one of said
plurality of control channels if a change of a difference between an average
received signal strength of a current serving control channel and one of said
plurality of control channels is less than a predetermined threshold; and

' measuring, at said remote station, said at least one of said

plurality of control channels at said reduced frequency.

21.  The method of claim 20, wherein said step of providing

further comprises the step of: o _—_—
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uansn;iiﬁng, on said current control channel, said default

frequency of signal strength measurement to be made by said remote station.

22. A base station comprising:
a transmitter for transmitting supervisory data messages on a
control channel and for providing nexghbormg lists to remote units;
| said supervisory data messages including an instruction for
remote stations to modify a default frequency rate at which at least one
control channel identified in said neighboring lists is to be scanned.

23. A remote station comprising:
_ a receiver for receiving supervisory data messages on a
control channel and neighboring lists identifying other control channels;
means for scanning said other control channels at a default
scanning rate; and
wherein said neighborixig lists include a parameter associated
with at least one of said other control channels identified therein specifying
whether to scan said at least one of said other control channels at said default
scanning rate or to scan at least one of said other channels at said defauit

scanning rate divided by a predetermined number.

24. A remote station comprising:

a receiver for receiving supervisory data messages on a
current control channel and neighboring lists identifying other control
channels; _

means for scanning said other control channels at a default
scanning rate; and . |

means for reducing said default scanning rate for at least one
of said other control channels if said current control channel has been
serving said remote station for greater than a predetermined time period.

This Sheet Has Been Replaced




providing a defa signal strength neasurenent for at |east
) ' ntrol channels to a renpo

station; gfsaid defaul t frequeﬁiﬁm Illﬂﬁ@mutmlengt h
measur enent ffori_at oeof said plurality o sif a
' e\b\ aver age received si gnal strength of
and one of said plurality of
control channels is L.he predet er26nred threshol d; and
measuring, at said renote station, a signal strength of said at | east one
of said plurality @6. coﬂmeabmoteestntmhmfa:lmmd@ wheuiein saidf defaplency of
signal strength 15, rreasurerre net hod of claim
5, wherein sai 3403 Bf m‘#@’ $aid resgiver in saldéwlp%rg &&@eﬁa
transmtting, on said current control channel, said default frequency of
si gnal

a current ser

26. A remote station comprising:

a receiver for receiving supervisory data messages on a
current control channel and neighboring lists identifying other control
channels; )

means for scanning said other control channels at a default
scanning rate; and

means for reducing said default scanning rate for at least one
of said other control channels if a change of an average received signal
strength on said current control channél is less than a first predetermined
threshold and if a change of an average received signal strength on said other
control channels is less than a second predetermined thresltold_.

27. The remote station of claim 26, wherein said default
scanning rate is received by said receiver in said supervisory data messages.

28. A remote station comprising:
a receiver for receiving supervisory data messages on a
current control channel and neighboring lists identifying other control
* channels;
) means for scanning said other control channels at a default
scanning rate; and
means for reducing said default scanning rate for at least one

of said other control channels if a change of a difference between an average
received signal strength of said current control channel and one of said

plurality of control channels is less than a predetermined threshold.

29.  The remote station of claim 27, wherein sald default

scanning rate is received by said receiver in said supervisory data messages.
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strength nmeasurenent to be nade by said renpte station. 20 7.

- A renpte station conprising: a receiver for receiving, on a.
current control channel which is serving said renote stations,
nei ghboring lists identifying other control channels; means
for scanning said other control channels at a defaul t tﬂumuﬂglnﬁ
means for reducing said default scanning rate for at "ﬂl"ﬂ"j
ot her 25 control channels if said curreggt control channe *
serving said renote station for gréat'er than a predetern1ned tlne
peri od. : 8. The renpote station of claim7, wherein said

default scanning rate is
30. The methiod of claim 1, wherein said step of modifying

further comprises the step of:

reducihg said default frequency if said current control channel
has been serving said remote station for greater than a predetermined time
period and if a change of an average measured received signal strength on
said current control channel is less than a predetermined threshold.

31. A method for scanning a plurality of control channels
and a serving control channel By a remote station comprising the steps of:

providing a default'scanning frequency for said control
channels; and '

if said serving control channel has been serving said remote
station for greater than a predetenﬁined period of time, then modifying said
default scanning frequency for at least one of said serving control channel
and said plurality of control channels.

32. The method of claim 31, wherein said at least one of
said serving control channel and said plurality of control channels is a
control channel provided to said remote station in a neighbor list.

33. The method of claim 31, wherein said at least one of
said serving control channel and said plurality of control channels includes
all of said plurality of control channels which are provided to said remote
station on a neighbor list.

34, The method of claim 31, wherein said at least one of
said serving control channel and said plurality of control channels includes
all of said plurality of control channels which are provided to said remote
station on a neighbor list and said serving control channel.
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35. A method for scanning a plurality of control channels
and a serving control channel by a remote station comprising the steps of:

providing a default scanning frequency for said control
channels; and

if a change in an average received signal strength on said
serving control channel is less than a predetermined threshold for a
predetermined period of time, then modifying said default scanning
frequency for at least one of said serving control channel and said plﬁrality

of control channels.

36. The method of claim 35, wherein said at least one of
said serving control channel and said plurality of control channels is a
control channel provided to said remote station in a neighbor list.

37. The method of claim 35, wherein said at least one of
said serving control channel and said plurality of control channels includes
all of said plurality of control channels which are provided to said remote
station on a neighbor list.

38.  The method of claim 35, wherein said at least one of
said serving control channel and said plurality of control channels includes
all of said plurality of control channels which are provided to said remote

“station on a neighbor list and said serving control channel.

39. A method for scanning a plurality of control channels
-and a serving control channel by a remote station comprising the steps of:

providing a default scanning frequency for said control
channels; and _

if a difference between a change in an average received signal
strength on said serving control channel and a change in an average received

signal strength on one of said plurality of control channels is less than a

I —
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ent control channel, neighboring lists

i denti fying othgr copt rol ciia 5 nmeans

ot her -control cliagn Noy fqulft scanni ng rate; an MU{"'EJWH Eﬂﬁ

for reducing safd i rate for at |east

control channeljs if a \f aver age received signal strength on said
current cor hannel 1s/less than a first predeterm ned threshold

and if a change of an \@Lﬁége recei ¥ed signal strength on said other

control channels is | ess than a second 10 predeterm ned threshold. .

10. The r enot predetatmioed tireshold forQ, pmdﬁtcmmed;aembdief tmke; then amodifying ate i s

received by said.fecel l\{%éannmgsfqu%x\{cl:ys 3t 18Poresr G4 Serving control

channel and said plurality of control channels.

40.  The method of claim 39, whereixi said at least one of
said serving control channel and said plurality of control channels is said one
of said plurality of control channels.

41.  The method of claim 39, wherein said at least one of -
said serving control channel and said plurality of control channels includes
all of said plurality of control channels.

42, The method of claim 39, wherein said at least one of
said serving control channel and said plurality of control channels includes
all of said plurality of control channels and said serving control channel.

43, A method for scanning a plurality of control channels
and a serving control channel by a remote station comprising the steps of:

providing a default scanning frequency for said control
channels; and _

if a change in a difference between an average received signal
strength on said serving control channel and an average received signal
strength on one of said plurality of control channels is less than a
predetermined threshold for a predetermined period of time, then modifying
said default scanning frequency for at least one of said serving control
channel and said plurality of control channels.

44. The method of claim 43, wherein said at least one of
said serving control channel and said plurality of control channels is said one
of said plurality of control channels.
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11. A renote station conprising: a receiver for receiving,
on a current control channel, neighboring lists 15 | denti fyi ng other
control channels; means for scanning said 0

i d of her—ctontrel—0-
channel s at a default scanning rate; and Nﬁ n [
said default scanning rate for at |east one of said otM'c"mumm "”"F
channels if a change of a difference between an average recei Ved" signal

strength of said current control channel_gand one of said plurality of
control channels 20 is less than a predeterm ned threshol d.

12. ~ The renote station g§ clehdinbihod¥redidin43AbKkréinfsaidl dt 1640604 B9 rate is
recei ved by said receiver In supervisory data nessages. . :
said serving control channel and said plurality of control channels includes

all of said plurality of control channels.

46. The method of claim 43, wherein said at least one of
said serving control channel and said plurality of control channels includes
all of said plurality of control channels and said serving control channel.

47. The method of claim 13, further comprising the step of:
transmitting said paging frame modifier in every PCH

subchannel.

48.  The method of claim 13, wherein said paging frame

modifier is an unaddressed information element.

49. A method for controlling scanning of a plurality of
" control channels by a remote station comprising the steps o.f:
providing a default séamiing frequency for said control
channels; and
transmitting a parameter which indicates whether said default
scanning frequency is to be modified. |

50.  The method of claim 1, further comprising the step of:
returning to said default scanning frequency after said
predetermined criteria is no longer satisfied.

S1.  The method of claim 31, further comprising the step
of:

returning to said default scanning fi'equency if said serving
channel is changed.

P imang . 3 -
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13. A nmethod for scanning a plurality of control channels by a renote
station which is listening to a serving control cha : S

steps of: 25 providing a default scanning fr | ﬂm
plurality of control channels for use by said re‘m‘mm! ﬂmls
* c L “ *

- 23 -

-31-
52. The method of claim 35 , further comprising the step
of: _
returning to said default scanning frequency if said change no

longer satisfies said condition.

53.  The method of claim 39, further comprising the step
of:
returning to said default scanning frequency if said change no

longer satisfies said condition.
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I f said serving control channel has been serving said renote station for
‘greater than a predeterm ned period of tine, then nodifying said default
scanni ng frequency for at |east one of said plurality of control
channel s. 14. The method of claim 13, wherein said at

| east one of said plurality 5 of control channels is provided to said
renote station in a neighbor |ist. 15. The net hod of claim
13, wherein said at | east one of said plurality of control channels
includes all control channels which aresprovided to said renote

station on a nei ghbor |ist.

ENHANCED SLEEP MODE IN RADIOCOMMUNICATION SYSTEMS
ABSTRACT .

A method aﬁd system for providing an enhanced sleep mode for
remote units in a radiocommunication system are described. Measurement
periodicity for control channels of neighboring cells is optimized. Paging
frame classes can also be temporarily modified to extend sleep periods.

Figure 3
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16. The nethod of claim 13, wherein said at |east one of said plurality
10 of control channels includes all control channels which are provided

tao said renote station on a neighbor list and said serving control

channel . 17. The met hod of claim 13, further conprising
the step of: returning to said default scanning frequency if
sai d serving channel is changed. 15 18. The net hod of
claim 13, wherein said plurality of control channels to be scanned

i ncl ude said serving control channel. 1/5

Time

SLOT 1|SLOT 2|SLOT 3|SLOT 4(SLOT &{SLOT 6|SLOT 7|SLOT 8|. . .|[SLOT #(. . .

BCGCH | PCH | ARCH

superframe

FIGURE 1
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19. The nethod of claim 13, wherein said step of nodifying further

~includes the step of: reduci ng said default scanning
frequency. 20 20. A nmethod for scanning a plurality of
control channels by a renote station which is listening to a serving
control channel conprising the steps of: provi ding a default
scanni ng frequency for said plurality of control channels; and

if a change in an average received.siﬁﬁal strength on said serving contro

FIGURE 2
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- 24 - channel is less than a predeterm ned threshold for a

- predeterm ned period of tine, then nodi fying said default scanning
frequency for at |east one of said plurality of

21. The met hod of claim 20, wherein said at |east one of said plurality

control channel s.

5 of control .channels is a control channel provided to said renote

station in a neighbor

3/s

Modify
Basic |
Procedure

Yes

" 600
Is CCHserv the \
same for > 1 hr.? /

" No

et

» by factor of 2

( 610
Reduce Meas.
Freq. on all CCH NL

" 620

Is ARSS |
onCCHSERV
< 7dB/5min.?

N

o Yes

[~ 630
Is A RSS on \
all CCHNL -

Yes

< 7dB15m|n ? /

"\ by factor of 2

640
C

Reduce Meas. |
Freg. on all CCHy

F 650

Is A RSS | RSS Yes | Reduce Meas. on
( SERV NL) this control channel.
< 10dBISm|n‘7

660
C 660

by factor of 2
|
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list. 22. The nmet hod of claim?20, wherein said at | east

one of said plurality of control channels includes all control
channel s which are provided to said renote station on a nei ghbor
l'ist-. 10 23. The met hod of claim 20, wherein said at |east
one of said plurality of control channels includes all control
channel s which are provided to said renote station on a neighbor |ist
and said serving control channel. 24. The net hod of claim

20, further conprising the step of: ./

HF, 0 1 2 3 4 5 6
SFhb|0|1|2|3|4|5|6|7|8|9|10|11|12]13
PFiip|s|p|s|p|s|pP|s|p{s|p|ls|p]|s
PF2|p|s|-|-|p|s|-|-|pP|s|-|-|p]|s
PFg|p|s|-|-{-|-|plLs|-|-|-|-|p|s
PFgip|s|-|-|[-|--|-tp|s!|-|-|-]1-
<—PF1—>
<—-———PF3——>|
- PF4 '{
HF = Hyperframe
SF = Superframe
PF = Paging frame
P = Primary PCHs
S = Secondary PCHs
FIGURE 4 -
BU (PCON| BCN | PFM | SMSN
=XXX| =X =X =X =X
3 1 1 1 1
FIGURE 5 :
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returning to said default scanning frequency if said change is no | onger

"less 15 than sai d predeterm ned threshol d. 25. The
nmet hod, of claim 20, wherein said at | east one of said plurality of
control channels includes said serving control channel. 26.

A method for scanning a plurality of control channels by a renote
station which is listening to a serving control channel conprising the

steps of: 20 provi ding a default scanning frequency for said
plurality of control channels; g@d : I hif a differenge
bet h [ [ signal strength on sai
s§r$?ﬁ3 2oﬁtﬁgggckgﬁﬂ2Ef€jtiigpL S;!%n—angave+agmr+é;ﬁﬁﬁﬁﬁ+ﬁﬁfﬁﬁ1 strength
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sop127-F 0 F B ey
one of said plﬂr—ah_ty_oj_cpntr\olchannel s is less than a predetermnined -

t hr eshol d: f or ¢ period of ti e, t hen nodi fying said
def auI t scanni ng’ ""mmmﬂ Mﬂﬂﬁ TR 95
25 o R 14 .

at *| eastr orwe d pl uralzbty of L

WHAT IS CLAIMED IS:

1. A method for evaluating a plurallty of control channels in aw
radiocommunication system comprising the steps of:
providing a default frequency of signal strength measurement for at least one _
5  of said plurality of control channels to be made by a remote station which is being
served by a current control channel;
reducing said default frequency of si%nal strength measurement for at least
one of said plurality of control channels if said current control channel has been
serving said remote station for greater than a predetermined time period; and
10 scanning, at said remote station, said at least one of said plurality of control
channels at said reduced default frequency signal strength measurement.

2. The method of claim 1, wherein said step of providing further
comprises the step of:
transmitting, on said current control channel, said default frequency for
15  scanning by said remote station.

3. A method for evaluating a plurality of control channels in a
radiocommunication system comprising the steps of:

providing a default frequency of signal strength measurement for at least one
of said plurality of control channels to be made by a remote station;

20 reduéing said default frequency of signal strength measurement for at least
one of said plurality of control channels if a first change of an average received
signal strength on a current serving control channel is less than a first predetermined
threshold and if a second change of an average received signal strength on said
plurality of control channels is less than a second predetermined threshold; and

25 measuring, at said remote station, a signal strength of said at least one of

_ said plurality of control channels at said reduced frequency of signal strength

measurement.
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27.

The nethod of claim 26, wherein said at | east one of said plurality
of control

control
The method of claim 26, further conptising the §
returning to said default scanning frequency if said change is no | onger

29.

| ess

T S+ 1S ST o
te ; ¥

10

15

20

25

channels is said serving control chanmet . 28.
5 of

than said predeterm ned threshol d.
4. The method of claim 3, wherein said step of providing further

comprises the step of:
transmitting, on said current control channel, said default frequency of signal

strength measurement to be made by said remote station.

5. A method for evaluating a plurality of control channels in a
radiocommunication system comprising the steps of:

providing a default frequency of sign§1 strength measurement for at least one
of said plurality of control channels to be made by a remote station;

reducing said default frequency of signal strength measurement for at least
one of said plurality of control channels if a change of a difference between an
average received signal strength of a current serving control channel and one of said
plurality of control channels is less than a predetermined threshold; and

measuring, at said remote station, a signal strength of said at least one of
said plurality of control channels at said reduced frequency of signal strength

measurement.

6. The method of claim 5, wherein said step of providing further
comprises the step of: '

transmitting, on said current control channel, said default frequency of signal
strength measurement to be made by said remote station.

7. A remote station comprising:

a receiver for receiving, on a current control channel which is serving said
remote stations, neighboring lists identifying other control channels;

means for scanning said other control channels at a default scanning rate; and

means for reducing said default scanning rate for at least one of said other
control channels if said current control channel has been serving said remote station

for greater than a predetermined time period.

8. The remote station of claim 7, wherein said default SW
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30. "~ A nethod for scanning a plurality of control channels by a renote 10
station which is listening to a serving control —Thanmet——conprising-t he

;It EPZI ?Iy of control Chg:l(l’)l\e/: gi;'ng : de;ﬁglt seann TmmmﬂNIMfumwlFa' :

di fference between an average received S'i%al strengtﬁ oh * Said
serving control channel and an average received signal strength on one of
said 15 plurality of control channels is | ess than a predetermnm ned

t hreshol d for réteived by sai@t&aéﬁéfﬁma@eﬁ&sdr{bdanfmégs@s_ t hen nodi fying said
default scanning frequency for east one of said plurality of
control channels. 31. The net hod of claim 30, wherein said

at | east one of sabd pl %?éﬂl&tgstaﬁoncoﬂlfprigﬁﬂum channel s is said serving
control channel. )

a receiver for receiving, on a current control channel, neighboring lists

identifying other control channels;
5 means for scanning said other control channels at a default scanning rate; and
means for reducing said default scanning rate for at least one of said other
control channels if a change of an average lféceived signal strength on said current
control channel is less than a first predetermined threshold and if a change of an
average received signal strength on said other control channels is less than a second

10  predetermined threshold.

10.  The remote station of claim 9, wherein said default scanning rate is

received by said receiver in supervisory data messages.

11. A remote station comprising:
a receiver for receiving, on a current control channel, neighboring lists
15  identifying other control channels;
means for scanning said other control channels at a default scanning rate; and
means for reducing said default scanning rate for at least one of said other
control channels if a change of a difference between an average received signal
strength of said current control channel and one of said plurality of control channels
20  is less than a predetermined threshold.

12.  The remote station of claim 11, wherein said default scanning rate is

received by said receiver in supervisory data messages.

13. A method for scanning a plurality of control channels by a remote
station which is listening to a serving control channel comprising the steps of:
25 providing a default scanning frequency for said plurality of control channels

for use by said remote station; and
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if said serving control channel has been serving said remote station for
greater than a predetermined period of time, then modifying said default scanning
frequency for at least one of said plurality of control channels.

14.  The method of claim 13, wherein said at least one of said plurality
of control channels is provided to said remote station in a neighbor list.

&
15.  The method of claim 13, wherein said at least one of said plurality
of control channels includes all control channels which are provided to said remote

station on a neighbor list.

16.  The method of claim 13, wherein said at least one of said plurality
of control channels includes all control channels which are provided to said remote
station on a neighbor list and said serving control channel.

17.  The method of claim 13, further comprising the step of:
returning to said default scanning frequency if said serving channel is
changed. '

18.  The method of claim 13, wherein said plurality of control channels
to be scanned include said serving control channel.

19.  The method of claim 13, wherein said step of modifying further
includes the step of:
reducing said default scanning frequency.

20. A method for scanning a plurality of control channels by a remote
station which is listening to a serving control channel comprising the steps of:

providing a default scanning frequency for said plurality of control channels;
and |

if a change in an average received signal strength on said serving control
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cl Lis less than a predeterniined threshold for a predetermined period of time,
then modifying said default scanning frequency for at least one of said plurality of
control channels.

21.  The method of claim 20, wherein said at least one of said plurality
of control channels is a control channel provided to said remote station in a neighbor
list.

22.  The method of claim 20, wherein said at least one of said plurality
of control channels includes all control channels which are provided to said remote

station on a neighbor list.

23.  The method of claim 20, wherein said at least one of said plurality
of control channels includes all control channels which are provided to said remote
station on a neighbor list and said serving control channel.

24.  The method of claim 20, further comprising the step of:
returning to said default scanning frequency if said change is no longer less
than said predetermined threshold.

25.  The method of claim 20, wherein said at least one of said plurality
of control channels includes said serving control channel.

26. A method for scanning a plurality of control channels by a remote
station which is listening to a serving control channel comprising the steps of:

providing a default scanning frequency for said plurality of control channels;
and

if a difference between a change in an average received signal strength on
said serving control channel and a change in an average received signal strength on
one of said plurality of control channels is less than a predetermined threshold for
a predetermined period of time, then modifying said default scanning frequency for
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at least one of said plurality of control channels.

27.  The method of claim 26, wherein said at least one of said plurality
of control channels is said serving control channel.

28.  The method of claim 26, wherein said at least one of said plurality
of control channels is all of said plurality of control channels.
"-

29.  The method of claim 26, further comprising the step of:
returning to said default scanning frequency if said change is no longer less
than said predetermined threshold.

30. A method for scanning a plurality of control channels by a remote
station which is listening to a serving control channel comprising the steps of:

providing a default scanning frequency for said plurality of control channels;
and

if a change in a difference between an average received signal strength on
said serving control channel and an average received signal strength on one of said
plurality of control channels is less than a predetermined threshold for a
predetermined period of time, then modifying said default scanning frequency for

at least one of said plurality of control channels.

31. The method of claim 30, wherein said at least one of said plurality
of control channels is said serving control channel.

32. The method of claim 30, wherein said at least one of said serving
control channel and said plurality of control channels is all of said plurality of
control channels.
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ENHANCED SLEEP MODE IN RADIOCOMMUNICATION SYSTEMS
ABSTRACT
A method and system for providing an enhanced sleep mode for
remote units in a radiocommunication system are described. Measurement
periodicity for control channels of neighbbring cells is optimized. Paging
frame classes can also be temporarily modified to extend sleep periods.

Figure 3

o AGEMENT SHEET

i 08 MAY 1998




