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PRIORITIZATION BETWEEN HANDOFF AND NEW CALL RBQUBSTS
IN A CELLULAR COMMUNICATIONS SYSTEM

FIELD OF THE _ ION

The present invention relates to cellular
mobile radiotelephone systems. More particularly, the
present invention is directed to a system for
prioritizing handoff and new call requests.

BACRKGROUND

Conventional cellular mobile radio telephone
systems are controlled by at least one mobile switching
center, or MSC (also known as a mobile telephone
switching office), at least one base station, and at
least one mobile station. The mobile switching center
constitutes an interface between the radio-based cellular
system and the public switching telephone network. The

‘base station acts essentially as a conduit for
‘information between the mobile stations and the mobile

switching center. Calls to and from mobile subscribers

are switched by the mobile switching center. The mobile
switching center also provides all signalling functions

needed to establish the calls.

In order to cbtain adequate radio coverage of a
geographical -area, plural base stations are normally
required. The area is divided into cells, and each cell
may either be serviced by its own base station or may
share a base station with a number of other cells. Each
cell has an associated control channel over which control
(non-voice) information is communicated between the
mobile stations in that cell and the base station.

‘Generally, the control channel includes a dedicated

channel at a known frequency over which certain



The pgesent invention relates to cel lul ar nobil e radiotelephone
systenms. More particularly, the pr esent |nvent|on I S

system for pr| oritizing handoff and new call rée QCBHaSBeenRe lace
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acts essenti al mpbdded statiivris f @ paging channel for un1d1rect10nal
| transmissions of information from the base station to the
mobile stations, and an access channel for bi-dirgctional
5 communications between the mobile stations and the base
station. These various channels may share the same
frequency, or they may operate at different respective

frequencies. |
In addition to a single control channel, each
10 cell is assigned a predetermined number of voice channels

for communicating the content of a communication between

two subscribers. That content may be analog or digitized
voice signals or digital data signals. Depending on the

access mode of the cellular system, each voice channel

i5 may correspond to a separate frequency in Frequency
Division Multiple Access (FDMA), a separate frequency and
time slot or slots in Time Division Multiple Access
(TDMA), or a separate code in Code Division Multiple
Access (CDMA). The present invention may be implemented

20 using any of these multiple access techniques.

Typically the cells are of relatively small
size, and there is a high probability that a mobile
station will move from one cell to another. The process
of transferring an ongoing mobile communication from one

25 cell base station to anotﬁer cell base station is called
"handoff". It is important that handoffs be accomplished
rapidly and reliably if communications are to continue
w1thout interruption as mobile statlons exlt one cell and
enter another.

30 The mobile switching center supervises the
handoff of mobile station call connections between
various base stations. Each base station continuously
measures a signal parameter, typically signal strength,
of ongoing calls of mocbile stations within its cell.

35 When the measured signal parameter associated with a
particular mobile station falls below a predetermined
threshold, indicating that the gquality or strength of
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In order to obtain adequate radio coverage of a area
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5 strongest signal from the mobile station to be handed off
and an associated voice channel to take over the handed-
off call connection. In other embodiments, handoff °
decisions may be based not only on signal strength but
also on other factors such as signal quality based on bit
10 error rate (BER), hysteresis, etc. or a combination of
factors. The original base station orders the mobile

statioh to tune to the selected voice channel of the

target base station.
Unfortunately, each cell is allocated only a
15 limited number of voice channels. During peak use
. periods or in congested, urban areas, many of the

available voice channels may be occupied. In those
situations where a target base station has no available
voice channels} a mobile station cannot be handed off,

20 and a new target base station must be selected.
Selection of a second target base station often is either
not possible or unacceptable. First, there may not be
any other target base stations receiving a signal of
sufficient strength from the mobile station to be handed

25 off. Second, by the time a base station having an
available voice channel is located, the call connection
may have deteriorated to an unacceptable level or been
lost altogether. Third, like the original target base
station, subsequent target base stations may not have

30 available voice channels. Handoff requests for ongoing
call connections are not the only requests for available
voice channels in a particular cell. 'New call connection
requests also compete for available voice channels.

One system which addresses the problem of

35 blocked handoff requests is disclosed in U.S. Patent No.

' 5,081,671 dated January 14, 1992, entitled "A Method of
Reducing Blockages in Handing Over Calls in a Mobile
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operate at .different respective frequencies ditionto a

single control channel, each cell is assignéa a prédeternined nunber of
voi ce channel s céllular Telephone System,"™ which is incorporated herein
by reference. '
U.S. Patent 4,670,899 to Brody et al. discloses
a dynamic load distribution system where ongoing calls
5 are selectively transferred to adjacent cells in
accordance with the traffic level in order to reserve
channels for handoffs and new calls. In one mode of
operation called "directed retry", voice channels are
reserved for incoming handoffs by directing a particular
10 cell to deny access to mobile transceivers initiating new
calls. Cells in a directed retry state refuse acceptance
of new calls in order to reserve channels for handoff
attempts. This directed retry state is based on the
voice channel occupancy level of a cell. If the number
15 of handoff requests exceeds the number of available
channels, reserved and unreserved, a new call or directed
retry request is not accepted.
While the Brody system makes some provision for
call handoffs, Brédy's foéus is at the multiple cell
20 level. Brody is primarily concerned with balancing the
call connection load among all of the cells. Thus,
handoff requests to a particular target cell are not
considered in the load balancing process.
It would be desirable to prioritize handoff
25 requests for individual target base stations. In
addition, it would be desirable to set up storage gqueues
of handoff requests for each target base station so that
when a voice channel becomes available at a particular,
target base station, a queued handoff request to that

30 target station is serviced before other handoff and call
requests. '
SUMMARY

To reduce the probability of losing call
connections when attempting to handoff a call connection
35 to a target base station having a full load, the present
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i nt errupts on asastw lwhethér oanyexoicenehanhelandf the target cell are
available for assignment to call requests. If none are
available, handoff requests to the target cell are stored
in a corresponding queue for a predetermined period of
time. If or when one or more voice channels become(s)

10 available in the target cell during the predetermined
time period, the queue is exar.ned for any handoff
requests. Those handoff requ:..ts stored in the queue may
be assigned to the available voice channels. If or when
the queue is empty, new call requests are assigned to the

15 available voice channels. _

According to another embodiment of the present
invention, in a cellular mobile radio telephone
communications system having plural geographically
separated radio base stations serving corresponding

20 plural geographical cells, a method is provided for

"prioritizing new-call and handoff requests for currently
engaged voice channels assigned to a target geographical
cell. A predetermined number- of voice channels are
reserved at the target cell for servicing only handoff

25 requests. Handoff requests are queued when no reserved
or unreserved channels are available within the target
cell. Queued handoff requests are assigned to voice
channels that become available in the target cell. New-
call requests are assigned to unreserved voice channels

30 that become available in the target cell when no handoff
requests are in the queue.

According to another embodiment of the present
invention, a cellular mobile radio telephone
communication system is provided for insuring that

35 ‘handoff requests take priority over new-call requests to
available voice channels assigned to a geographical
target cell. A mobile switching center prevents new-call

In Tlne
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requests from seizing an available voice channel in a
target cell if the number of available voice channels is
'less than a preset number. Only a handoff request is

. allowed to seize an available voice channel in the target

5 cell if the number of available voice channels is less
than the preset number. When a target cell has no
available voice channels, the mobile switching center
also maintains a queue for each target cell in which
handoff requests to a corresponding target cell are

10 stored. New-call requests are allowed to seize available

'~ voice channels in the target cell only if no handoff

requests are stored in the corresponding queue and if the
number of available voice channels exceeds the preset
number.

15 BRIEF DESCRIPTION OF THE DRAWINGS

' The features and advantages of the invention
will be understood from reading the following detailed
description in conjunction with the drawings, in which:

_ Fig. 1 is a schematic diagram illustrating an
20 example of a cellular mobile radio system, illustrating

the relationship of the system's cells, a mobile

switching center, base stations and mobile stations:

Fig. 2 is a block diagram illustrating a
digital mobile station in a cellular mobile radio system

25 according to Fig. 1;

Fig. 3 is a block diagram 111ustrat1ng a
digital base station in a cellular mobile radio system
according to Fig. 1:

Fig. 4 illustrates a locating process carried

30 out by a mobile switching center:;

Fig. 5 is a block diagram illustrating a mobile -
switching center;

Fig. 6 is a flow chart of a control procedure
for locating neighboring base stations for handoff that



-3- that call connection is or is becom ng unacceptable € statlon
requests a handoff of that call connection fromthe nobi] W eehRs
center. The nobile switching center selects a target e|V|ng
t he strongest signal fromthe nobile station to be h Bﬁﬂ Q
associ ated voi ce channel to take over the handed- off |on
ot her enbodi nents, handoff decisions may be7based not only on signal
strength but. al s on other factors such as signal quality based on bit
error rate (BE t t pa h
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original base St jon ers ron"to tune e sel ected
voi ce channel dnokiketavitchingecensersn. Unfortunately, each
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periods or in congested, n areas % he
_ _ procedures for new cal ups that may be performed by
5 the central processing unit in the mobile switching
center;

Fig. 8 is a flow chart of a handoff request
service routine that may be performed by the central
processing unit in the mobile switching center; and

10 Fig. 9 is a flow chart of a timing routine that
' may be performed by the central processing unit in the
mobile switching center.

DETAILED DESCRIPTION

Before describing the details of the present
15 invention, an example of the construction of a cellular
mobile radio system in which the present invention can be
used will be described. |
Fig. 1 is a schematic diagram illustrating ten
- cells, C1 to C10, in a cellular mobile radio telephone
20 system. Normally the method according to the present
invention would be implemented in a cellular mobile radio
system comprising many more cells than ten. For purposes
of this description, the system depicted herein is-
considered to be an isolated portion of a larger system
25 which has been fragmented.

) For each cell Cl1l to C10, there is a respective
base station Bl to B10. Fig. 1 illustrates base stations
situated in the vicinity of the respective cell centers
and having omni-directional -antennas. The base stations

30 of adjacent cells may however be located in the vicinity
of cell borders and have directional antennas.

Fig. 1 also illustrates ten mobile stations Ml
to M10, which are movable within a cell and from one cell
to another cell. The method according to the present

35 invention may be implemented in a cellular mobile radio



avai |l gbl e voice channels may be occupied. In those situations where a
target base station has no avail able voice channels, a nobile station

cannot be handed off, and a new target base station j&$h as Baen Replaged
Sel ection of a second target base station often is eit u l e or
unacceptable. First, there may not be any other target

receiving a signal of sufficient strength fromthe nobile station to be
handed of f. ,Second, by the tinme a base statT®n having an avail abl e voice
channel is located, the call connection nmay have deteriorated to an

unaccept abl e | evIstam [reBPrising napepeye mobile shtakiong hanited- ¢ et
base station, s Qi at AT edrd aske SAGIMAN Sy [Eihy Glotd oli/ie | std teioms ce

channel s. Handoff requests for ongoing call connections are not the only
requests for aviiabl -'%@%Fﬁﬁ‘#@l% At PSarticular cell. New call
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One syst €3 whi Chswaiq:cgl{aisrféa Scérrﬁ?elp rl%)é.e m'ﬂ{e mobile switching center is
connected to all ten illustrated base stations by cables.
The mobile switching center is also connected by cables
to a fixed public switching telephone network PSTN or
_ similar fixed network with ISDN facilities. All cables
io from the mobile switchihg center to base stations and
cables to the fixed network are not illustrated.
Further, other media may be used instead of cables for
base to mobile switching center communications, e.gq.,

fixed radio links.

15 The cellular mobile radio system illustrated in
Fig. 1 includes a plurality of radio channels for
communication. The system is designed both for analog
information, e.g., speech, digitized analog information,
e.g., digitized speech, and pure digital information,

20 e.g., pure digital data. In the context of the present
invention, the term connection is used for a
communication channel between a mobile station and
another mobile station in the same system or another
system, between two fixed telephones or terminals in a

25 fixed network connected through the cellular mobile radio
telephone system, or between a mobile station and a fixed
telephone. A connection may be a call where two people
talk to each other, but may also be a data communication
channel where computers exchaﬁge data.

30 'Each cellular system is assigned a particular

- frequency band over which it can operate. A set of
communication channels is allocated to each cell. For
example, between ten and thirty different voice channels
and one control channel may be allocated to any given

35 cell. Different sets of communication channels must
always be allocated to neighboring cells éince, in order
to maintain full radio coverage, cells overlap each
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~ other. Using the same channels in adjacent cells would

cause co~-channel interference in these overlapping areas.
| Referring now to Fig. 2, an embodiment of a
mobile station that can be utilized in a cellular
telephone system that opefates in accordance with the
present invention is illustrated. This particular
example pertains to a mobile station that can be used in
a digital communications system, i.e., one in which
digitized voice information is transmitted between base
and mobile stations. Furthermore, the operation of the

. system is explained in the context of full-rate

transmissions in a time division multiple access (TDMA)
system, in which each packet of digital information is
interleaved over two spaced time slots in a frame of
data. It will be readily appreciated, however, that the
invention is equally applicable to other types of
cellular radio systems, such as those in which
information is transmitted in an analog format,
transmitted digitally at a half rate, or transmitted in
other access modes such as frequency division multiple
access (FDMA) or code division multiple access (CDMA).
In the mobile station depicted in Fig. 2, a
Speech coder 101 converts the analog signal generated by
a microphone into a binary data stream. The data stream
is then divided into data packets, according to the TDMA
principle. A fast associated control channel (FACCH)
generator 102 generates control and supervision
signalling messages that are transmitted from the mobile
station to the land-based system. The FACCH message
replaces a user frame (speech/data) whenever it is to be
transmitted. A slow associated control channel (SACCH)
generator 103 provides signalling messages that are
transmitted over a continuous channel for the exchange of
information between the base station and the mcbile
station and vice~versa. A fixed number of bits, e.qg.,
twelve, is allocated to the SACCH for each time slot of a
message train. Channel coders 104 are respectively
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not 5 104 are preferably convolutional encoding, which protects
important data bits in the speech code, and cyclic
redundancy check (CRC), wherein the perceptually
significant bits in the speech coder frame, e.g., twelve
bits, are used for computing a seven-bit check.

10 : A two-burst interleaver 105 is connected to the
channel coders 104 associated with the speech coder 101
and the FACCH generator 102, respectivély. The two-burst
interleaver 105 is controlled by a microprocessor
controller 130 so that, at appropriate times, user

1s information over a particular speech channel is replaced

' with system supervision messages over the FACCH. Data to
be transmitted by the mobile station is interleaved over
two distinct time slots. A packet of 260 data bits,
which constitute one transmitting word, is divided into

20 two equal parts and is interleaved over two different
time slots. The effects of RAYLEIGH fading are reduced

'in this manner. The output of the two-burst interleaver
105 is provided to the input of a modulo-two adder 107 so
that the transmitted data is ciphered bit-by-bit by

25 logical modulo-two-addition of a pseudo-random bit
stream. _

The output of the channel coder 104 associated
with the SACCH generator 103 is connected to a 22-burst
interleaver 108. The 22-burst interleaver 108

30 interleaves data transmitted over the SACCH over twenty-
two time slots each consisting of twelve bits of
information.

The mobile station further includes a Sync
Word/DVCC generator 109 for providing the appropriate

35 synchronization word (Sync Word) and DvVcC (digital

' verification color code) to be associated with a
particular connection. The Sync Word is a twenty-eight-



considered in the | oad bal anci ng process. —kt_woul d be desirable
to prioritize handoff requests for individual targeﬁhb e stations. In

addition, it would be desirable to set up storage qUElRHRIRES ced .
requests for each target base station so that when a H becones
avai l able at a particular, target base station, a que gquest to
that target station is serviced before othe handoff and call requests.
SUMVARY . . To reduce the probab|I|5§ | osing call connections
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identlfication. The DVCC is an eight-bit code which is
sent by the base station to the mobile station and vice-
versa, for assuring that the proper channel is being

] decoded. ! |
A burst generator llolgenerates message bursts
for transmission by the mobile station. The burst
genefator 110 is connected to the outpﬁts of the modulo-
two~adder 107, the 22-burst interleaver 108, the Sync .
10 Word/DVCC generator 109, an equalizer 114, and a control
channel message generator 132 to integrate the various
pieces of information from these respective units into a
single message burst. For example, according to the
published U.S. standard EIA/TIA IS-54, a message burst
15 comprises data (260 bits), SACCH (12 bits), Sync Word (28
bits), coded DVCC (12 bits), and 12 delimiter bits,
combined for a total of 324 bits. Under the control of
the microprocessor 130, two different types of message
bursts are generated by the burst generator 110: control
20 channel message bursts from the control channel message
generator 132, and voice/traffic message bursts. The
control channel message replaces the SACCH as well as the
speech daté normally generated in a voice/traffic burst.
The transmission of a burst, which is
25 equivalent to one time slot, is synchronized with the
transmission of other time slots, which together make up
a frame of information. For example, under the U.S.
standard, a frame comprises three full-rate time slots.
The transmission of each burst is adjusted according to
30 timing control provided by the equalizer 114. Due to
time dispersion, an adaptive equalization method is
provided in order to improve signal quality. For further
information regarding adaptive edualization techniques,
reference is made to U.S. Patent Application Serial No.
35 315,561, filed February 27, 1989, and assigned to the
same assignee. Briefly, the base station functions as
the master and the mobile station is the slave with
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respect to frame'timing. The equalizer 114 detects the
timing of an incoming bit stream from the base station
and synchronizes the burst generator 110. The equalizer
114 is also operable for checklng the Sync Word and DVCC

for 1dent1f1catlon purposes.
A frame counter 111 is coupled to the burst

generator 110 and the equalizer 114. The frame counter

111 updates a ciphering code utilized by the mobile
station for each transmitted frame, e.g., once every 20
ms. A ciphering unit 112 is provided for generating the
ciphering code utilized by the mobile station. A pseudo-
random algorithm is preferably utilized. The ciphering
unit-112 is controlled by a key 113 which is unique for
each subscriber. The ciphering unit 112 consists of a

' sequencer which updates the ciphering code.

The burst produced by the burst generator 110,
is forwarded to an RF modulator 122. The RF modulator
122 is operable for modulating a carrier fregquency
according to the 7/4-DQPSK method (7/4 shifted,
Differentially encoded Quadrature Phase Shift Keying).
The use of this technique implies that the information is
differentially encoded, i.e., 2-bit symbols are
transmitted as four possible changes in phase: + 7/4 and
+ 3m/4. The transmitter carrier frequency supplied to
the RF modulator 122 is generated by a transmitting
frequency synthesizer 124 in accordance with the selected
transmitting channel. Before the modulated carrier is
transmitted by an antenna, the carrier is amplified by a
power amplifier 123. The RF power emission level of the
amplifier is selected on command by a microprocessor

controller 130.

A receiver carrier frequency signal is
generated in accordance with the selected receiving
channel by a receiving frequency synthesizer 125.

_Incoming radio frequency signals are received by a.

receiver 126, the strength of each signal being measured
by a signal level meter 129. The received signal



available in the target cell during the predetern1ned ti the
queue i s exam ned for any handoff requests. Those handoff egg%t bWf’ed

in,the queue may be assigned to the available voice ch
the queue is enpty, new call requests are assigned to t
channel s. According to anot her enbodi nent of

invention, in a cellular nobile radio tel ephgre Connunlcatlons systen1
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assi gned Bo voi som the receiver 126, demodulates the radio frequency
carrier signal, thus generating an intermediate
frequency. The intermediate frequency signal is then
demodulated by an IF demodulator 128, which restores the
original r/4-DQPSK-modulated digital information.
10 The restored digital information provided by
the IF demodulator 128 is supplied to the equalizer 114.
A symbol detector 115 converts the received two-bit
symbol format of the digital data from the equalizer 114
to a single-bit data stream. The symbol detector 115 in
15 turn produces three distinct output signals. Control
channel messages are sent to-a control messége detector
133 which supplies detected control channel information
to the microprocessor controller 130. A modulo-two adder
106 and a two-burst deinterleaver 116 reconstruct the
20 speech data/FACCH data by assembling and rearranging

. information from two time slots of the received data.

The symbol detector 115 supplies SACCH data to a 22-burst
deinterleaver 117. The 22~burst deinterleaver 117
reassembles and rearranges the SACCH data spread over

25 -twenty-twd consecutive frames.

' The two-burst deinterleaver 116 provides the
speech data/FACCH data to two channel decoders 118. The
convolutionally encoded data is decoded using the reverse

- of the above-described coding principle. The received

30 cyclic redundancy check (CRC) bits are checked to
determine if any error has occurred. The FACCH channel
coder furthermore detects the distinction between the
speech channel and any FACCH information, and directs the
channel decoders 118 accordingly. A speech decoder 119

35 processes the received speech data from the channel
decoder 118 in accordance with a speech decoder algorithm
(e.g., VSELP), -and generates the received speech signal.

I Cce



channel s that becone available in the target cell. New ctatt Tequests
assigned to unreserved voi ce channel s that becone avai Ttﬁ&ﬁh@etHHlsBehﬁR E@et
cell when no handoff requests are in the queue.

~anot her enbodi ment of the present invention, a cellular
t el ephone comuni cation systemis provided for insuring
requests take priority over newcall requestig~to aVallabIe v0|ce channels
assi gned to,a geographical target cell. A nobile switching center prevents
new- cal | _ The analog signal is finally enhanced by a filtering

technique. Messages on the fast associated control
channel are detected by a FACCH detector 120, and the
information is transferred to the microprocessor

5 controller 130.

The output of the 22-burst deinterleaver 117 is
provided to a separate channel decoder 118. A SACCH
detector 121 detects messages on the slow associated
control channel and transfers that information to the

10 microprocessor controller 130.
The microprocessor controller 130 controls the

mobile station activity and the base station
communication, and also handles the input and output from
a terminal keyboard and display unit 131. .Decisions by

15 the microprocessor controller 130 are made in accordance
with received messages and measurements that are made.
The keyboard and display unit 131 enables\information to
be exchanged between the user and the base station.

Fig. 3 illustrates an embodiment of a base.

20 station that can be utilized in a cellular telephone
system that operates in accordance with the present
invention. The base station incorporates numerous
component parts which are'substantially'identical in
construction and function to component parts of the

25 mobile station illustrated in Fig. 2 and described in
conjunction therewith. Such identical component parts
are designated in Fig. 3 with the same reference numerals
utilized hereinabove in the description of the mobile
station, but are differentiated therefrom by means of a

. 30 prime (') designation.

There are, however, some distinctions between
the mobile and base stations. For instance, the base
station has two receiving antennas. Associated with each
of these receiving antennas is a receiver 126', an RF

35 demodulator 127', and an IF demodulator 128°'.

' Furthermore, the base station does not include a user



-6- -requests from seizing an avail abl e voi ce channel in-a—target cell if

t he nunber of avail able voice channels is |less than_a HL& Sl B ed Only a
handoff request is allowed to seize an avail able vo? he
target cell if the nunber of available voice channelgm “mg“‘e\mt he
preset nunber. Wien a target cell has no avail abl e vadi s, the

nmobi | e switching center also maintains a-geeue for each target cell in
whi ch handeff requests to a corresponding target cell are stored. New- cal

requests are gebered ariEidisphay abite M e atElieled iin ttite tmelgtie cel |
only if no hanggft requests are stored in the correspondi ng queue and if
t he nunber of SX#%1Msl e voi ce channel s exceeds the preset nunber.

In conventional Frequency Division Multiple

Access (FDMA) systems, i.e., analog cellular, all base
5 stations have signal strength receivers that measure the
current signal strength of signals on all frequencies
used in adjacent cells. When a call connection between a
mobile and its home base station deteriorates in strength
and/or quality, the mobile's currently assigned or "home"
10 base station requests a handoff with the "home" Mobile
Switching Center MSC. Before an actual handoff, however,
the MSC executes a "locating" process. After the handoff
request, the MSC locates or identifies available
neighboring cells, if any, that could satisfactorily
15 handle the call handoff. A neighboring base station is a
base station that is physically located so that it may
measure the signal strength of a mobile assigned to
another base station. Typically, the neighboring base
stations correspond to the cells adjacent to the cell of
20 the home base station. However, neighboring base
stations may also correspond to adjacent cells. By way
of comparison, a target base station is a neighboring
base station receiving the optimal (e.g., the strongest)
signal from the mobile to be handed off. It should be
25 recognized that while a handoff is usually to another
voice channel assigned to a neighboring base station, a
handoff may also be made between voice channels assigned
to the home base station to improve voice quality.
The locating procedure is illustrated in a
30 simplified manner in Fig. 4. The dashed lines represent
requests from a home MSC (MSCl) for signal strength
measurements and replies from neighboring base stations.

<

The home MSCl1l may also request and receive signal
strength measurements from neighbor bases stations

35 assigned to neighboring MscC's, e.g., MSC2, for signal
strength measurements on the. particular call connection
frequency over which that mobile is currently



BRI EF DESCRI PTI ON OF THE DRAW NGS . The feat ur-es -and—advantages
of the invention will be understood fromreading the #QlshQWiNg.48.8. .59

description in conjunction with the drawi ngs, in which g. 1lis
a schematic diagramillustrating an exanple of a cell uuwl,im&mmu e}
system illustrating the relationship of the systens , e
switching center, base stations and nobile iggtionsj' Fig. 2 is a
bl ock diagramildustrating a digital nobilée*8Tation in a cellular nobile
radi o systemaccording to.Fig. L. .- Fig. 1§ 2.0l ock di agram
illustrating a a?ﬂ??ag°B§§8951a%P8H PﬁaéuEEPF&%Er%RH§F|Qgradio system
according to Figeqiested/receivedgwhén thesmobiide's curaentgcpldches a
carried neighboring cell controlled by another MSC. The signal
strength receivers may be equipped with a memory for
5 storing regular signal strength measurements, or the

signal strength measurements may be made at the time of

the request.
' When all of the signal strength measurements
are received from all of the neighboring cells, the MSC

10 evaluates the potential suitability of all neighboring
cells based on several criteria: signal strength,
hystéresis, offset, connection parameters, etc. Very
often a neighboring base station having satisfactory
signal strength measurements cannot be located. However,

15 if acceptable neighboring cells are available for
corisideration, the MSC then must determine if any of
these candidate cells have free voice channels to assume
the handoff call connection. For example, if two
suitable cells are identified and one cell is congested,

20 the other cell is selected for the handoff. On the other
hand, if more than one satisfactory base station is
located, the MSC selects a target base station having the
most optimal measurement value, e.g., greatest signal '
strength.

25 - In digital cellular systems using Time Division
Multiple Access (TDMA), each mobile station may assist in
collecting signal strength information. Because a mobile
station transmits information in one time slot and
receives information during another time slot, it has

30  time to monitor signal strength data assuming there are
more than two time slots per frequency. The mobile
station measures the strengths of control signals on
selected frequencies associated with neighboring cells.
These strength signals are then reported to the home base

35 station over the SACCH. The home base station evaluates
the signal strength information in much the same way as
the MSC does in analog, FDMA systems, and a handoff



out by a nobile sw tching center; Fi g. 5 | diragr am
illustrating a nmobile switching center; h&ﬁ{ﬁl&.ﬁdnﬁﬂhﬁrt of

a control procedure for |ocating nelghbor|ng base stat ff that
-7- may be performed by the central processing unit }“““H
switching center;

-17-

> <

request is issued to the MSC. While this assistance from
the mobile station has been termed Mobile-Assisted
Handoff (MAHO), it is more accurately termed mobile-
assisted locating.

5 " A more detailed déscription of the mobile
switching center (MSC) will now be provided in
conjunction with Fig. 5. A central processing unit 200
controls the input of various received information and
the'output of numerous signal commands. As described

10 above, the central processing unit 200 receives signal
parameters, such as signal strength, relating to call
connections between the base stations under the MSC's
control and various mobile stations. The MSC also
processes signal strengths from base stations associated

15 with other mobile switching centers to allow handoff
across the border between two MSC's. These signal
connection parameters may be stored in a signal strength
memory in the form of a look-up table. The central
processing unit 200 determines the optimal base station

20 corresponding to the greatest signal strength for
handling a particular handoff request.

The central processing unit 200 is also
connected to a handoff request queue memory 204. The
_ central processing unit 200 maintains a plurality of

25 queues 210 for each target base station/cell. Each
target cell queue may be, for example, a first-in-first-
out (FIFO) stack memory for storing handoff requests to
that particular target cell. Of course, other queuing
techniques may be used such as last-in-first-out (LIFO).

30 As an example, cell No. 1 may not have any available

. radio channels for additional call connections whether
they be handoff requests or new call requests. In that
instance, each handoff request (HOR) would be stored in
queue No. 1 with the earliest or oldest handoff request

35 HOR No. 1 being stored at the top of the queue and the
most recent or youngest handoff request HOR M being
stored at the bottom of the queue. When a communications



Fig. 7is a flow chart of channel assignnent procedurges for new call setups

that may be performed by the central processing unit H 1| Replaced
swi.tching center; Fig. 8 is a flow chart of est
service routine that may be perforned by the central- p in the
mobi |l e switching center; and Fig. 9 is a flowchart of a.timng
routine that may be perforned by the centraljgarocessing unit in the nobile
swi tching center s : DETAI LED DESCRI PTI ON

Bef ore descri bi rharfie1deinitdrgdt tdeLPresent bavoids availakdeyptee of the
construction of o cellylar mpbi e radl o SySIFAL LD e 105 °5PYs
removed from the top of the queue 210 and assigned by the
central processing unit 200 to that available voice
5 channel. In a similar fashion, queue No. 2 corresponds
to target cell No. 2 and queue N corresponds to target
cell N, N corresponding to the number of cells controlled
by the mobile switching center.
In conﬁunction with the handoff request queues
10 204, the central processing unit 200 includes a software
timing routine for monitoring the length of time
particular handoff requests have been stored in their
respective handoff request queues 210. For each
individual queue 210, the timer routine records the
15 . 1ength of time each handoff request (HOR) has been stored
in that queue. In effect, each HOR has an associated
"time stamp" which ensures that the HOR does not become
stale because of changed system or parameter conditions.
Once the software time stamp expirés, the central

20 processing unit 200 removes the associated handoff
request HOR from the queue. This limited life of handoff
requests in their respective queues also ensures that if
no handoff is possible to a particular target cell, each
handoff request is directed to another target cell which

25 may be able to satisfy the handoff request. Without such

a time limit, the call connection associated with the
queued handoff request could deteriorate and eventually
be lost. In this way, some definitive action is taken
before such deterioration or leoss occurs.

30 The mobile switching center central processing
unit 200 also receives new call requests from subscribers
initiating a call connection to or from mobile stations
within one of the cells under the mobile switching
center's control. As described in greater detail below,

35 the central processing unit 200 assigns these new call
requests to available voice channels in a particular
target cell only if the queue 210 corresponding to that



used will be described. ' Fig. 1 is a schematic diagram—————
ilTustrating ten cells, C to Cl0, in a cellular nnblle ra B&ﬁh
system Normally the met hod according to the present T

inplemented in a cellular nobile radio systenlconprls eIIs
‘than ten. For purposes of this description, the syste inis
considered to be an isolated portion of a kagger systen1mh|ch has been
fragnented. . . For each cell O to Cl0, there is a respective base

station Bl to Etirgé%gcellihbuehpayeanﬁaié thatrieoaxes avadiallien vidice

R R T ot e T e D
vicinity of celprédetermined nambealp@bﬁN@ﬁéﬁbé#t&nngg .hannels lnFﬁQChl
STP e rom SRLERRRLRCRRR NS iy e Maniny chun i sareen o 10
reserved for handoff requests. In other words, once
number of available or unoccupied channels is less than
or equal to that predetermined number, those remaining
channels may not be assigned to new call requests. Only
handoff requests may be assigned. The predetermined
10 number may, of course, be varied depending on system
needs. _
In this fashion, the central processing unit
200 ensures that handoff requests take priority over new-
call requests. More specifically, the present invention
15 insures that handoff requests specific to a particular
target cell always have priority use of reserved and
unreserved voice channels in a particular target cell as
they become available.
A detailed flow chart description of a
20 procedure which may be followed by the central processing
unit 200 of the mobile switching center for implementing
the present invention is illustrated in Figs. 6~9. The
flow diagram in Fig. 6 shows a control procedure called
"locating request" for locating neighboring base stations -
25 for handoff. 1Initially at step 220, the mobile switching
center receives signal strength values from neighboring
base stations assigned to neighboring cells 1, 2, . . .,
N. |
In response to a locating request, the central
30 processing unit 200 determines in step 222 the optimal
- base station for receiving that handoff call connection.
The optimal base station is determined based on one or
more signal parameters, such as signal strength, of the
call connection. Using signal strength as an example,
35 “optimal“ means the signal having the greatest signal
strength. The optimally determined base station is
identified as the target base station or cell. Once one



invention may be inplenented in a cellular nobile radio system
conprising many nore nobile stations than ten. In partTlmﬂhentHastBtarIee REed

normal |y nmany nore nobile stations than there are base

~Also illustrated in Fig. 1 is a nobile swtching center 'm | e
switching center is connected to all ten illustrated base station
cabl es. : -20-

or more target base stations have been identified in step
222, program control proceeds to step 224 where the
central processing unit 200 polls all general channels
corresponding to a target base station or cell to

5 determine if there is an available channel.

| If a general channel is available in the target
base séation, that channel is assigned to the handoff for
new call requests. If no general channels are available,
‘the central processing unit 200 polls those channels

10 reserved for handoffs in the target base station in
decision step 228. If a reserved channel is available;
it is assigned to the handoff request in step 230. In
decision step 232, it is determined if there are any
other target base stations. If one or more target base

15 stations remain, steps 224-230 are re-executed.
Otherwise, program control proceeds to step 234 where the
handoff request is added to each target base station's
handoff request queue. In other words, if every térget
base station is so congested that no general or reserve

20 channel is available for a handoff request, that handoff
request is stored in each handoff request queue for each
target base station.

For purposes of comparing the locating request

channel assignment procedure outlined in Fig. 6, the

25 " channel assignment procedures for new call setups is
illustrated in Fig. 7. In step 240, a mobile access is
generated in response to a mobile station originating a
call or responding to a page. 'Typically, the mobile will
be assigned an available, unreserved voice channel

30 associated with its home base station. As depicted in
step 244, if no unreserved channels are available in the
home base station, control proceeds to the decision step
246 where the mobile switching center determines whether
the mobile should be directed to another cell. If so, a

35 directed retry message is sent to the mobile in step 248.
Otherwise, all available channels are occupied due to _
congestion on the network as depicted in step 250. If it



The nobile switching center is also connected by cabl es—to—-a+fixed—public

swi tching tel ephone network PSTN or simlar fixed netmn &th§ N\ elma1'
facilities. Al cables fromthe nobile swtching center ﬁb

and cables to the fixed network are not illustrated. Furt
may be used instead of cables for base to nobile smntcm
conmmuni cations, e.g., fixed radio |inks. -21= The cel |l ul ar nnblle

radio systenalllustrated in Fig. 1 includes a plurality of radio channels
for comunicati ds. dﬂm@m&s-tadﬂm siaq»gmm tdth tinks aimlarg ordgimating,

bure’ di i tal i nFRmh Pofe greomi Ararras e in AR ST TS BE

pr esent |nventlunblﬂhesnatmanunuﬂnn1nr1glnaﬂanq(nakiSXﬁrnn#Q%m matedaime
bet ween & DI | geapaied of AIANG TBPIA S bddh [fmaRELAYSHED O

anot her systen1 be ween two fi xe ones or termnals |In
The handoff request service routxne ls depicted

in Fig. 8. 1In decision step 260, the central processing
unit 200 of the mobile switéhing center determines
whether any previously used channéls have become
available in a target base station. If not, control

10 loops back to the'beginning of the handoff request
routine. If a channel is available, control proceeds to
step 262 where the central processing unit 200 scans the
handoff request (HOR) queue associated with the available
channel. 1In decision'step 264, if there are no handoff

15 *  requests in the scanned HOR queue, the channel is marked
available in step 266. If there are handoff requests in
the scanned HOR queue, the available channel is assigned
to the queued mobile in step 268. 1In other words, the
mobile's handoff request is granted, and the call

20 connection is transferred to the newly available voice
channel in that target base station. After the handoff
has been completed, control proceeds to step 270 where
parallel handoff request entries in other handoff request
queues corresponding to other target base stations are

25 deleted. |

As described earlier, each handoff request has

a limited life in the handoff request queues. A software
timing routine labelled "timer" in Fig. 9 is used to
monitor the time each handoff request has been stored in

30 each handoff request queue 210. In step 280, all of the
handoff request entries in all of the handoff request
queues 204 are scanned. In step 282, a handoff request
entry is selected for examination. In decision step 284,
the timer routine determines if the time stamp for this

35 particular handoff request entry has exceeded the maximum
time T,,, that the handoff request may be stored in a
handoff request queue. If the time stamp exceeds T,



fi xed.network connected through the cellular nobile radio tel ephone tem
or between a nobile station and a fixed telephone ATCGﬁﬁéETTB%—ﬁﬁyﬁﬁﬁsa
cal.l where two people talk to each other, but my alsnmhmaaﬂ Replaced
~conmruni cati on channel where conputers exchange dat a. ﬂ
cellular systemis assigned a particular frequency ban can
operate. A set of communication channels is_filocated to eac ceI

exanpl e, between.ten and thirty different voice channels and one control

channel may be 3ljAC 3Ll Pe SPYalbyLefiEl]. 1B dEpiedd $R!Stap sOETERLRALI ON
ocat

channel s nmust al wa to neig borlng cells since, in or der to
maintain full raklb handotfcreguests GYenesp cQERerwise, control proceeds

to decision block 288 to determine if any further handoff
request entries exist. 1If no entries are to be made, the

5 timer routine begins again. Otherwise, control returns
to step 282 where another handoff request entry is

selected.
Thus, the present invention provides a
structure and a procedure for rapidly and reliably

10 accomplishing call handoffs as mobile stations exit one
cell and enter another. Given the practical limitations
in the number of available voice channels during peak use
periods or in congested urban areas, the present
invention provides a means for prioritizing and

15 preserving ongoing call connections. In particular, the
present invention insures that handoff requests to a
particular target cell receive paramount consideration to
ensure that optimal conditions exist, if at all possible,
for handoff requests.

20 : While a particular embodiment of the present
invention has been described and illustrated, it should
be understood that the invention is not limited thereto
since modifications may be made by persons skilled in the
art. In particular it should be understood that the

25 invention may be implemented in analog systems or digital
systems or combined analog/digital systems. The
invention may be implemented in systems using FDMA, TDMA,
or CDMA. Thus, depending_on the type of sYstem, a
channel between a base station and a mobile station may

30 occupy/constitute a complete radio frequency, a time slot
of a radio frequency, a code or any part thereof
appropriate for the interstation radioc signalling in
question. The present disclosure contemplates any and
all modifications that fall within the sphere and scope

35 ~of the underlying invention disclosed and claimed herein.



-9- oether. Usimg—the—sare—ehannels in adjacent cells would cause

co-channel interference in these overl appi ng areas. Referring now
to-Fig. 2, an e Jmmlﬂ"mwe station that can be utilized in a

cel lul ar teleph t erates in accordance w thh the present
invention is illustrated. "This partlcular exanpl e perta|nsTmoﬂﬂamhbmkaqmmﬂi-

station that can be used in a digital commuaBeations system glg umﬁwmm
whi ch digiti-zed voice information is transmtted between ba
stations. FurtgRAIM8: the operation of the systemis explained in
context of full-rate transmssions in a tinme division nultiple access
(TQWN 1. A method for ensuring that handoff call
reqﬁests take priority over new call requests to engage
voice channels assigned to at least one gecgraphical
5 target cell in a cellular mobile radiotelephone
communications system, comprising:
determining whether any voice channels are
available for assignment to call requests for sald target
cell; '
.10 storing said handoff call requests to said
target cell in a queue for a predetermined period of time
if no voice channels are available;
examining said queue for queued handoff
requests when oné or more voice channels becomes
15 available in said target cell;
assigning queued handoff requests to voice.
channels that become available in said target cell during
said time period; and '
assigning new call requests to said available
20 voice  channels in said target cell when said queue is %
empty.

2. The method according to claim 1, wherein
for plural target cells, each target cell has a
correspondiné queue for storing handoff requests to that
25 target cell.

3. The method according to claim 1, further
comprising:

removing handoff requests that have been stored
in said queue loqger than said predetermined time.

30 4. The method according to claim 1, further
comprising:
reserving a specified number of voice channels
in said target cell solely for handoff requests;



system in which each packet of digital information is_interleaved over two -
spaced tine slots in a frane of data. It will be readll, appreC|ated
however, that mnwwmﬂwimequal |y applicable to ofl m]ﬁ Beep Replaced

cellular radio those in which informti l ted
in an analog fofmat, trdhsiitted digitally at a half rat mﬂMted
in other access nobdes such as frequency diugpgi-on nmul ti pl e access (FDVA) or

code division nuktiple access (CDWA). In the nobile station
depicted in Fig. 2, a Speqasl i &hm@é@édt@wlmimﬁmamed
by a m crophone in datg str data streamis then divided
i nto data packel®F eé@EHF@FN 158 ¢ iple. A fast associated

control channel (FACCH) gm1z§rmnglﬁﬂevge:ﬂrlatm;uasﬁsrdnlqn¢csmesmd
signal l'ing nessg%ﬁif%h r éreuwn1tted fromthe nobile station to the
shariel

| and- based syst nessage replaces a user frane (speech/data)
whenever it is to be

5 5. In a cellular mobile radiotelephone
communications system having plural geographically-
separated radio base stations serving corresponding
plural geographical cells, a method for prioritizing new
call and handoff requests to engage voice channels

10 assigned to at least one target geographical cell,
comprising:

(a) reserving at said target cell a
predetermined number of reserved voice channels for
servicing only handoff requests;

15 (b) queuing handéff requests to said target
cell when no reserved or unreserved voice channels are
available in said target cell;

(c) assigning said queued handbff requests to
voice channels that become available in said target cell:;

20 and

(d) assigning new call requests to unreserved
voice channels that become available in said target cell
when no handoff requests are queued in said queuing step.

6. The method according to claim 5, wherein
25 sald queulng step includes prioritizing said queued
handoff requests and said handoff request assigning step
includes assigning said queued handoff requests in order
from highest to lowest priority.

7. The method according to claim 5, wherein
30 said step of queuing handoff requests further includes:
monitoring a period of time said queued handoff
requests remain queued, and
removing queued handoff requests when said time
period exceeds a predetermined value.



transmtted. A slow associated—eontrol channel (SACCH™ gemerator—363——
provi des signalling nessages that are transmtted over ame&ﬂ&hnyg&ﬁﬁ gpel
|

for the exchan ' bet ween the base station
stati on and VIﬁm“L“mmmmm* nunber of bits, e.g., t mﬂuﬂ!ﬂ“m
to the SACCH for each ti"me’sl ot of a message train. Chan _
respectively - -25- -10-

-

ted
are

8. The method according to claim 5, further

comprising: _
repeating steps (a)=-(d) for plural target
cells. |
5 9. A cellular mobile radiotelephone

communications system for ensuring that handoff requests
take priority over new call requests to occupy voice
channels assigned to at least one geographical target
cell, comprising:
10 means for preventing a new call request from
seizing an available voice channel in said target cell if
the number of available voice channels is less than a
preset number:;
means for allowing only a handoff request to
15 seize an available voice channel in said target cell if
the number of available voice channels is less than said
preset number; '
means for queuing handoff requests for said
target cell if no voice channels in said target cell are
20 available:
means for assigning queued handoff requests to
the next available voice channel in said target cell; and
means for allowing new call requests to seize
available voice channels in said target cell if no
25 handoff requests are queued and if the number of
available voice channels exceeds said preset number.

10. The system according to claim 9, wherein‘
said queuing means includes a plurality of queues, each
queue corresponding to one of plurality of target cells

30 and storing handoff requests to said corresponding queue
and wherein said handoff requests are stored in said
corresponding queue in order of receipt.

11. The system according to claim 10, further
comprising:



conneécted to the speech coder—106%, FACCH generator 102, and SACCE generator -
103 for manipulating the incomng data in order to carry ThisShest HawBeen Replaced
detection and c mn“ﬁ“lﬂ“‘!ﬂh“ﬂchm ques used by the chann re
preferably conv$l| whi ch protects i rrportan

t he speech code, *and cyclc redundancy check (CRO), V\/nere

perceptually significant bits in the speeci2écoder frane, tvvel ve bits,
are used for conputing a seven-bit check. A two- burst i nterl eaver
105 is connected to the @eanfelfenddmingthe anguntedfiitime feadaipeech coder

101 and the FARGHdgeerdiiestTred RERPGH Wi cBI® Sy nteﬂ1 ddExFéJ eaver
105 is controlled by a mcroErocessor control gr 130 o) n§

appropriate times, user QT IFERRAT 1ng, Hhe m 9%

repl aced with e;shehandp@fwmmsmw&ei:&d@te&hﬂn%@ﬂmé?at@:do be

transmtged by the nobil al i i.s_int.erl eaved oyaer two distinct tine

slots. Agpacket of 260 dﬁﬁe%hm tfg:q': ren ov:.% From sai corresponding
queue handoff requests whose elapsed exceeds said

predetermined time.

12. The system according to claim 10, wherein
each target cell has a corresponding queue and handoff
10 requests to a target cell are stored in said
corresponding queue in order of greatest priority.



whi ch*constitute one transmtting word, is divided into two equal parts and
is interleaved over two different tinme slots. The effects of RAYLElI GH
fading are reduced in this manner. The output of the two-burst interleaver
105 is provided to the input of a nodul o-two adder 107 so that the
transmtted data is ciphered bit-by-bit by l.ogical nodul o-two-addition of a
pseudo-random bit stream The ouTBﬂr of the channel coder 104
associ ated with the SACCH generator 103 is connected to a 22-burst-

interl eaver 108. The 22-burst interleaver 108 interleaves data transmtted
over the SACCH over twenty- tmonnsgghetOOB cnghn:sosbsgggg of twelve bits

Ch e O o 100 1B REEOR.Ra bEEER, FEE PBEuraSk ERRR pRRR A, o
(Sync Word) andré&y@estdi takel priorityaviver newocetddrpquests &osengaged
wth a voice channels assigned to a particular target cell are
5 provided. A certain number of channels are reserved for
handoff requests. However, if no channels, reserved or
unreserved, are available, handoff requests to a
particular target cell are stored in a corresponding
queue for a predetermined period of time. - Thus, when
10 voice channels become available, they are seized in order
to satisfy the handoff requests stored in that queue. If -
the handoff queue is empty, new call requests to a target
cell may be assigned to available voice channels.

This Sheet Has Been Re;ilaced




‘particul ar connection. The Sync Wrd is a twenty-eight-

-11- bit word used for time slot synchronization and identification. The
DVCC is an eight-bit code which is sent by the base station to the nobile
station and vice- versa, for assuring that the proper channel is being .-
decoded. - A burst generator 110 generates nessage bursts
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S y the nobile st tiln The burst gerger 0 is
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-12- srespect to frame timng. The equalizer 114 detects the timng of an
incomng bit streamfromthe base station and synchroni zes the burst
genmerator 110. The equalizer 114 is al so operable for checking the Sync
Wrd and DVCC for identification purposes. A frame counter 111 is
coupled to the burst generator 110 and.the equalizer 114. The frame counter
111 updates a ciphering code utilized tn;gg station for each
transnitted frame, e.g. once every Z0 i*phering unit 112 is provided

for generati t Ci er ode tiIized by t he-nobrke Sstatiqn. A pseudo-
random al gord t hnk i s Apr effer ajl vy I 1Y zed. e ci pheri¥hg
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200 CPU MOBILE SWITCHING CENTER
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HOR # HOR # #
204 — 0 : 2 0. 2 HOR. 2
HOR M HOR M HOR M
i ) i
210 210 210
HANDOFF NEW CALL VOICE CHANNEL "REJECTION"
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unit-112 is controlled by a key 113 which is unique for each subscri ber.
The ci phering unit 112 consists of a sequencer which updates the ciphering
code. The burst produced by the burst generator 110, is forwarded
to an RF nodul ator 122. The RF nodul ator 122 is operable for nodul ating a
carrier frequency according to the r/4-DQPSK et hod (r/4 shifted,
Differentially encoded Quadrature Phase Shift Keying). The use of this
techni que i nplies that € | nfor ;flfferentlally encoded, i.e.,
2-bit synbols are tranth L%ﬂﬂﬂ%”%tss bl e changes in phase: J[err]/4
and 37/4. The transm tter—cart cy supplied to the RF nodul at or
122 is generated by a transmttiifg frequency synt hesi zer 124 in accordance
with the sel ected he nodul ated carrier is

transmtted by an|antREQRWE Sl'GﬂAEasmENGTH S[A@UE)S | fiied by a power anplifier
123. The RF p@egen ssifypM ﬂEfUHB@RING"BA@E‘p Ifigr is selected on command by

am Cr oprocessor STATIONS ' 2 3
1 [P
DETERMINE OPTIMAL BASE

222 STATION(S) AS TARGET BS
FOR CALL CONNECTION

5 A
GENERAL CHANNEL AVAILABLE N >
THIS TARGET BS 2 1

224
ASSIGN CHANNEL  [-226

S A ( RETURN )

RESERVED CHANNEL AVAILABLE
IN TARGET 8 2 '

228

ASSIGN CHANNEL 1230

{  RETURN )

! ANY OTHER TARGET BS'S 2 232
N
* ADD A HANDOFF REQUEST
(HOR) TO TARGET BS’S 234
HOR QUEUES

S




contrgller 130. A receiver carrier frequency signal is generated
in accordance with the sSelected receiving channel by a receiving frequency
synt hesi zer 125. Incoming radio frequency signals are received by a '
receiver 126, 'the strength of each signal being neasured by a signal |evel
‘meter 129. The received signal - 13-

'strength value is th opr ocessor
. - NEW CALL SET -Up )

AGCESS FROM A MOBILE

ORIGINATING A CALL OR  [—240 /:.z" -
RESPONDING TO A PAGE ~ 7

IS THERE
AN UNRESERVED AVAILABLE
CHANNEBLS A;f HOME

ASSIGN CHANNEL 244

( RETURN )

SEND DIRECTED |,y
RETRY TO MOBILE

( RETURN )

242

SHOULD THE _
MOBILE BE DIRECTED 10
ANOTHER CELL ?

246

250  CONGESTION: NO
AVAILABLE CHANNELS

IS THIS CALL AN

959 ' ORIGINATING CALL ? t
TERMINATE CALL 254
208 — SEND A CALL REORDER _ }

SEND A CALL RELEASE  |—256
RETURN ) ' _
| RETURN
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controller 130. An RF denodul ator 127, which receives the receiver carrier -
frequency signal fromthe receiving frequency synthesizer 125 and the radio
frequency signal fromthe receiver 126, denodul ates the radio frequency
carrier signal, thus generating an internmedi ate frequency. The internediate
frequency signal is then denodul ated by an | F denodul ator 128, which
restores the original r/4-DQPSK-nodul ated digital information.

The restored digktal information provided by the I'F denodul ator 128 is
supplied to the equalizer 114. 3y 115 converts the received
t wo- b|t symbol format of the did| taHORﬂ&OHTI‘NEom he equalizer 114 to a

d f ormation to
the m croprocessor controller 130." A nogul o-two adder 106 and ajtwo- bur st

dei nterl eaver 116 reconstruct the

ANY PREVIOUSLY USED CHANNELS
BECOME AVAILABLE IN A
TARGET 8S 7

SCAN THE HOR QUEUE
ASSOCIATED WITH THE 262
AVAILABLE CHANNEL
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-264 {

_|  MARK CHANNEL
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speegh dat a/ FACCH data by assenbling and rearranging information fromtwo
tirme slots .of the received data. The synbol detector 115 supplies SACCH
data to a 22-burst deinterleaver 117. The 22-burst deinterleaver 117
reassenbl es and rearranges t he SACCH data spread over twenty-two
_consecutive frames. The two-burst deinterleaver 116 provides the
speech dat a/ FACCH data to two channel decoders 118. The convol utionally
encoded data is .decoded using the reverse of the above-described coding
principle. The received cyclic redundancy check (CRC) bits are checked to
determine if any error has occurred. The FACCH channel coder furthernore
detects the distinction between the speech channel and any FACCH
information, and directs the channel decoders 118 accordingly. A speech
decoder 119 processes the received speech data fromthe channel decoder 118
in accordance with a speech decoder algorithm (e.g., VSELP), and generates

the received speech signal
TIMER
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E

!
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The analoq signal is finaIIy enhanced by a-filtering techni que.
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PRIORITIZATION BETWEEN HANDOFF AND NEW CALL REQUESTS
REPLACEMENT SHEET IN A CELLULAR COMMUNICATIONS SYSTEM
16 APR 1997 ELD OF I o

The present invention relates to cellular

mobile radiotelephone systems. More particularly, the
present invention is directed to a system for
prioritizing handoff and new call requests.

BACKGROUND

Conventional cellular mobile radioc telephone
systems are controlled by at least one mobile switching |
center, or MSC (also known as a mobile telephone
switching office), at least one base station, and at
least one mobile station. The mobile switching center
constitutes an interface between the radio-based cellular
system and the public switching telephone network. The
base station acts essentially as a conduit for
information between the mobile stations and the mobile
switching center. Calls to and from mobile subscribers
are switched by the mobile switching center. The mobile
switching center also provides all signalling functions
needed to establish the calls.

In order to obtain adequate radio coverage of a
geographical area, plural base stations are normally
required. The area is divided into cells, and each cell
may either be serviced by its own base station or may
share a base station with a number of other cells. Each
cell has an assoclated control channel over which. control
(non-voice) ‘information is communicated between the:
mobile stations in that cell and the base station.
Generally, the control channel includes a dedicated
channel at a known frequency-ovér which certain




detector 121 detects nessages on the sl ow asso¢RBPIEACEMENToSHERRhnel and
transfers that information to the m croprocess¢r fcontrotter—i3

The m croprocessor controller 130 controls the meiLgﬁi’ %4 gn
t he base station communi cation, and al so handl ¢sjt h&®i Eﬁ Und| o tput from
a term nal keyboard and display unit 131. Deci $i ¢ 1 C¥ Opr ocessor
controller 130 are made in accordance w2+ rece¢i ved nessages and
~nmeasurenents that are made. The keyboard and di ' bl es

i nf or mat i onihfobmatiohaigecommundcatede firxox thel hage reationtfon. _
Fig. 3ill S di f hasmet dd Sy tilized in
a cellular u@é#%%%oﬁggggg?%m gﬁﬁaggﬁl ._zf’t es |e'r?1!' Zé:dcl.(;[h airgiervm th&ﬁ% pr.esent

i nventi on. thansmissions of iinfomaticss finemthe RAFHFHAELINER Whech are

substant i al pypk §eNkikadli oy ,C AN '3Hf ld e gt Erdiidl Ofort b iadDpecionIt s of
the nobile station illustrated in Fig. 2 _agnd descrjbed in
communications between the mobile stations and the base

c ivity and

station. These various channels may share the same
frequency, or they may operate at different respective
frequencies.

| In addition to a single control channel, each
cell is assigned a predetermined number of voice channels
for communicating the content of a communication between
two subscribers. That content may be analog or digitized .
voice signals or digital data signals. Depending on the
access mode of the cellular system, each voice channel
may correspond to a separate frequency in Frequency
Division Multiple Access (FDMA), a separate frequency and
time slot or slots in Time Division Multiple Access '
(TDMA), or a separate code in Code Division Multiple
Access (CDMA). The present invention may be implemented
using any of these multiple access techniques.

Typically the cells are of relatively small
size, and there is a high probability that a mobile
station will move from one cell to another. The process
of transferring an ongoing mobile communication from one
cell base station to another cell base station is called
"handoff". It is important that handoffs be accomplished
rapidly and reliably if communications are to continue
without interruption as mobile stations exit one cell and
enter another.

The mobile switching center supervises the
handoff of mobile station call connections between
various base stations. Each base station continuously
measures a signal parameter, typically signal strength,
of ongoing calls of mobile stations within its cell.

When the measured signal parameter associated with a
particular mobile station falls below a predetermined
threshold, indicating that the quality or strength of
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conjunction therewith. Such identi cal conponenti}uﬁiiﬁﬁﬁyligégh%red I n
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a.
Fig. 3 with the sane reference nunerals utilized{herei nabove in
description of the nobile station, but are diffefeftihbdAPR BHef by
means of a prinme (') designation. Ther ¢ e. _however, ksone
-di stinctions between the nobile and base stationk. For instance, the base
‘station has two receiving antennas. Associ at ed w-h—eash-of—t-hese Jreceiving

L | BT R (oGm0 578 48! Becitlny SRdctRpRIN G Or
base station requests a handoff of that call connection
from the mobile switching center. The mobile switching
center selects a target base station receiving the
strongest signal from the mobile station to be handed off
and an associated voice channel to take over the handed-
off call connection. In other embodiments, handoff
decisions may be based not only on signal strength but
also on other factors such as signal quality based on bit
error rate (BER), hysteresis, etc. or a combination of
factors. The originai base station orders the mobile
station to tune to the selected voice channel of the
target base station.

Unfortunately, each cell is allocated only a
limited number of voice channels. During peak use
periods or in éongested, urban areas, many of the
available voice channels may be occupied. 1In those
situations where a target base station has no available
voice channels, a mobile station cannot be handed off,
and a new target base station must be selected.
Selection of a second target base station often is either
not possible or unacceptable. First, there may not be
any other target base stations receiving a signal of
sufficient strength from the mobile station to be handed
off. Second, by the time a base station having an '
available voice channel is located, the call connection
may have deteriorated to an unacceptabie level or been
lost altogether. Third, like the original target base
station, subsequent target base stations may not have
available voice channels. Handoff requests for ongoing
call connections are not the only requests for available
voice channels in a particular cell. New call connection
requests also compete for available voice channels.

One system which addresses the problem of
blocked handoff requests is disclosed in U.S. Patent No.
5,081,671 dated January 14, 1992, entitled "A Method of
Reducing Blockages in Handing Over Calls in a Mobile



_15- keyboard and display unit 131 as utiliz qﬁﬂmﬁﬁﬂ§Mﬁ§bSHEEﬁeuion.

I°’n conventional Frequency D vision Miltiple Access—{Divi) byst s, i.e
anal og cellular, all base stations have signal
measure the current signal strength of signals
adj acent cells. Wien a call connection between
station deteriorates in strength and/ or4qual it the nobile's currently
assi gned or "hone" base station requests a hant " Mobile
Swi t chi ng CGellalasTelerhene Systenal whiabris ApgevpPrratsd €dFecut es a
"l ocating" KESremtd eF the handoff request, the NBC Iocates or

handi e the call handdis ASRESBRbRr 570 BA2.EE, BrpaY e§ 41 Wecialesr! !y
a dynamic load dlstrlbutlon system where ong01ng calls
are selectively transferred to adjacent cells in
accordance with the traffic level in order to reserve
channels for handoffs and new calls. In one mode of
operation called "directed retry", voice channels are
reserved for incoming handoffs by directing a particular
cell to deny access to mobile transceivers initiating new
calls. Cells in a directed retry state refuse acceptance
of new calls in order to reserve channels for handoff
attempts. This directed retry state is based on the
voice channel occupancy level of a cell. If the number
of handoff requests exceeds the number of available
channels, reserved and unreserved, a new call or directed
retry request is not accepted.

While the Brody system makes some provision for
call handoffs, Brody's focus is at the multiple cell
level. Brody is primarily concerned with balancing the
call connection load among all of the cells. Thus,
handoff requests to a particular target cell are not
considered in the loed balancing process.

It would be desirable to prioritize handoff
requests for individual target base stations. 1In
addition, it would be desirable to set up storage gqueues
of handoff requests for each target base station so that
when a voice channel becomes available at a particular,
target base station, a queued handoff request to that
target station is serviced before other handoff and call
requests. |

t r engt ver|s that"
h Al APRé@@ ndi g§s used in
| pohil e and-itis thone base

QJOU)

SUMMARY

To reduce the probability of losing call
connections when attempting to handoff a call connection
to a target base station having a full load, the present



base;station that is physically located so that i REPMAQENE%”ESHEET I gnal

strength of a nobile assigned to anot her base statji gh—typteat+yit he
nei ghbori ng base stations correspond to the cells acjacentd% %P c=|| of
t he honme base station. However, neighboring base 4t 3t i ORAR 39

correspond to adjacent- cells. By way of conparison, latarget baselstation
I s a neighboring base station receiving th opti |l (e.g., the stropgest)

signal fromthe_no H—bg—sggggﬁgzggﬁbhat whi |l e
a handoff is &ﬂﬁﬂq %&d&hﬁ?ggga gé B #%%ﬁg§33|gn BPRS %2 nei ghbori ng
base station, enSurxhgfthmy bandoBE naquestsmbekevpraerahxhneeg 2e¥i gned to
t he hone base ti | I ng
procedure is | 3@?&%3&%F#%p%8 ﬁgéf#%evgfﬁgn%é?nnelﬁ ass}g ltﬁp%hed | i nes
represent req@Racifiotargetec (NGEiFlﬂblelgnéﬁt§FﬂéH§FH°Pb madent s
and replies fgnuyivldeiéRlakiSeostal cRAMnelBCoROERMER o140 arequest
A rg@y

and receive S”%Eylable for assignment to call requests. If none are
available, handoff requests to the target cell are stored
in a corresponding queue for a predetermined period of
time. If or when one or mnte voice channels become(s)
available in the target cell during the predetermined
time period, the queue is examined for any handoff
requests. Those handoff requests stored in the queue may
be assigned to the available voice channels. If or when
the queue is empty, new call requests are assigned to the
available voice channels.

According to another embodiment of the present
invention, in a cellular mobile radio telephone
communications system having plural geographically
separated radio base stations serVing corresponding
plural geographical cells, a method is provided for
prioritizing new-call and handoff requests for currently
engaged voice channels assigned to a target geographical
cell. A predetermined number- of voice channels are
reserved at the target cell for servicing only handoff
requests. Handoff requests are queued when no reserved
or unreserved channels are available within the target
cell. . Queued handoff requests are assigned to voice
channels that become available in the target cell. New-
call requests are assigned to unreserved voice channels
that become available in the target cell when no handoff
requests are in the queue.

According to another embodiment of the present
invention, a cellular mobile radio telephone
communication system is provided for insuring that
handoff requests take priority over new-call requests to
available voice channels assigned to a geographical
target cell. A mobile switching center prevents new-call

(7]
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strength neasurenents from nei ghbor bases statlﬂﬂﬂﬁﬁﬁmmﬁ&M_SHﬁﬁﬁ

MSC s, e.g., MBC2, for signal strength neasuremgnys—omthepart
connection frequency over which that nobile is ¢ufr
) Db PR e
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the nobile's current cell has a neighboréng cel l}. Lcontrgolled byl

MSC. The si gnal

\Y
a

ghbori ng
cul ar cal

cbd when
not her

requests from seizing an available voice channel in a
targét cell if the number of available voice channels is
less than a preset nuﬁber. Oonly a handoff request is
allowed to seize an available voice channel in the target
cell if the number of available voice channels is less
than the preset number. When a target cell has no
available voice .channels, the mobile switching center
also maintains a queue for each target cell in which
handoff requests to a corresponding target cell are
stored. New-call requests are allowed to seize available
voice channels in the target cell only if no handoff
requests are stored in the corresponding queue and if the
number.of available voice channels exceeds the preset
number. '

BRIEF DESCRIPTIOﬁ oF D (ef:]

The features and advantages of the invention
will be understood from reading the following detailed
description in conjunction with the drawings, in which:

Fig. 1 is a schematic diagram illustrating an
- example of a cellular mobile radio system, illustrating
the reiationship of the systen's celis, a mobile
switching_center, base stations and mobile stations:

Fig. 2 is a block diagram illustrating a
digital mobile station in a cellular mobile radio system
according to Fig. 1;

Fig. 3 is a block diagram illustrating a
digital base station in a cellular mobile radio system
according to Fig. 1;

Fig. 4 illustrates a locating process carried
out by a mobile switching center;

Fig. 5 is a block diagram illustrating a mobile -

switching center:;
Fig. 6 is a flow chart of a control procedure
for locating neighboring base stations for handoff that



strength receivers may be equi pped with a nenory |REPLACEMENT SHEET#r si gnal

strength neasurenents, or the signal strength negsyrements may " de at

the tine of the request. When all of thels gth

measurenents are received fromall of the neighbdrin992@+ﬁéﬁb§ﬁe C
dion

eval uates the potential suitability of allgpelghﬂor
several criteria: signal strength, hystere€si fset, connection

T Gnal St 7 engUIRF e PRFEAFLSaa AR LR, CROEARYGPE RARERIFY ik, oab s o

nei ghbori ng caidisike eswitchihfyeckoteronsi derati on, the MSC t hen nust

deternine if any of thesglﬁanqlggt Eibbscﬂgiﬁ B%e a%ﬁghﬁgggl ’ﬁ?s ar e

assune the handoff call nection.
i dentified ancxeeedaresi forongwscadl sn@upshaiha@emay besaee‘%ﬁ%n%rbyr he

handoff. on t hehotdehtPaldprobesRifg! BATLOAR tREl BBINE wWitchisi@tion is

center:;

Fig. 8 is a flow chart of a handoff request
service routine that may be performed by the central
processing unit in the mobile switching center; and

Fig. 9 is a flow chart of a timing routine that
may be performed by the central processing unit in the
mobile switching center.

DETAILED DESCRIPTION

Before describing the details of the present
invention, an example of the construction of a cellular
mobile radio system in which the present invention can be
used will be described.

Fig. 1 is a schematic diagram illustrating ten
cells, C1 to C10, in a cellular mobile radio telephone
system. Normally the method according to the present
invention would be implemented in a cellular mobile radio
system comprising many more cells than ten. For purposes
of this description, the system depicted herein is
considered to be an isolated portion of a larger system
which has been fragmented.

For each cell C1l to c10,'there is a respective
base station Bl to B10. Fig. 1 illustrates base stations
situated in the vicinity of the respective cell centers
and having omni-directional antennas. The base stations
of adjacent cells may however be located in the vicinity
of cell borders and ‘have directional antennas.

Fig. 1 also illustrates ten mobile stations Ml
to M10, which are movable within a cell and from one cell
to another cell. The method according to the present
invention may be implemented in a cellular mobile radio
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t hen reporte hore se station o honme base
station evahancthere §F§n§ﬁ5§tﬁ§ﬁ§ﬂﬁnﬁnfornat|on in rmuch the same way as

the MSC does in anal o3 sbD¥R18%erated 3ndrighandald a mobile
switching center MSC. The mobile switching center is
connected to all ten illustrated base stations by cables.
The mobile switching center is also connected by cables
to a fixed public switching telephone network PSTN or
similar fixed network with ISDN facilities. All cables
from the mobile switching center to base stations and
cables to the fixed network are not illustrated.

' Further, other media may be used instead of cables for
base to mobile switching center communications, e.g.,
fixed radio links.

The cellular mobile radio system illustrated in
Fig. 1 includes a plurality of radio channels for
communication. The systenm is designed both for analog
information, e.g., speech, digitized analog information,
e.g., digitized speech, and pure digital information,
e.g., pure digital data. In the context of the present
invention, the term connection is used for a
communication channel between a mobile station and
another mobile station in the  same system or another
system, between two fixed telephones or terminals in a
fixed network connected through the cellular mobile radio
telephone system, or between a mobile station and a fixed
telephone. A connection may be a call where two people
talk to each other, but may also be a data communication
channel where computers exchange data.

Each cellular system is assigned a particular
frequency band over which it can operate. A set of
communication channels is allocated to each cell. For
example, between ten and thirty different voice channels
and one control channel may be allocated to any given
cell. Different sets of communication channels must
always be allocated to neighboring cells since, in order
to maintain full radio coverage, cells overlap each

g
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the MSC. Wihile this assistance fromthe nobil e statifon nhas been 1t ér fred

Mobi | e- Assi st ed Handoff (MAHO), it is nore accur atelly i??r%ﬁg,‘ i ¥e;
assi sted | ocati ng. A nore detail ed descripti t

switching center (MSC) will now be provided,in conj U
central processing unit 200 controls the input of {various received
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the central

cause co-channel interference in these overlapping areas.
Referring now to Fig. 2, an embodiment of a
mobile station that can be utilized in a cellular
telephone system that operates in accordance with the
present invention is illustrated. This particular
example pertains to a mobile station that can be used in
a digital communications system, i.e., one in which
digitized voice information is transmitted between base
and mobile stations. Furthermore, the operatioh of the
system is explained in the context of full-rate
transmissions in a time division multiple access (TDMA)
system, in which each packet of digital information is
interleaved over two spaced time slots in a frame of
data. It will be readily appreciated, however, that the
invention is equally applicable to other types of
cellular radio systems,'such as those in which
information is transmitted in an analog format,
transmitted digitally at a half rate, or transmitted in
other access modes such as frequency division multiple
access (FDMA) or cocde division multiple access (CDMA).
In the mobile station depicted in Fig. 2, a
speech coder 101 converts the-analog signal generated by

" a microphone into a binary data stream. The data stream

is then divided into data peckets, according to the TDMA
principle. A fast associated control channel (FACCH)
generator 102 generates control and supervision
signalling messages that are transmitted from the mobile
station to the land-based system. The FACCH message
replaces a user frame (speech/data) whenever it is to be
transmitted. A slow associated control channel (SACCH)
generator 103_provides signalling messages that are
transmitted over a continuous channel for the exchange of
information between the base station and the mobile
station and vice~versa. A fixed number of bits, e.qg.,
twelve, is allocated to the SACCH for each time slot of a
message train. Channel coders 104 are respectively
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the base stations under the MSC s control and varli dus nobile stafi ¢ns. The
M5C al so processes signal strengths from base stdtijong gagsReppgzed Wth

ot her nobile switching centers to allow handoff dcrjoss the bordenq between
two MSC s. These signal connection paraneters nay stored—TTa sijgnal
strength nenory in the formof a | ook-upOtable. The central procesging unit
200 determ nes the optinal base station corresponding to- the greatest

si gnal st r eyagtrredted handthegspegsht Fededr 10dndFACCH GRgrator 102, Tpe

central pr %i@cﬂpg{ané‘i‘gtbi- §b§0f%%ﬁﬁ&@ﬁlhhaxgham@findm:@t queue

menory 204 e cent processi ng unit I,ntai,ns a urality of queues
210 for eadtrbarietoFdSE §PaFRBKYCONE, eE&EFP @F&& 'ﬁ%eue may be, for
exanpl e, a ddéFfdctiohl rSt‘heotbchEh.EQasSh&@d byntthe fcnarm@r icadrmdof f
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important data bits in the speech code, and cyeclic
redundancy check (CRC), wherein the perceptually
significant bits in the speech coder frame, e.9g., twglve
bits, are used for computing a seven-bit check.
A two-burst interleaver 105 is connected to the
channel coders 104 associated with the speech coder 101
and the FACCH generator 102, respectively. The two-burst
interleaver 105 is controlled by a microprocessor

controller 130 so that, at appropriate times, user
information over a particular speech channel is replaced
with system supervision messages over the FACCH. Data to
be transmitted by the mobile station is interleaved over
two distinct time slots. A packet of 260 data bits,
which constitute one transmitting word, is divided into
two equal parts and is interleaved over two different
time slots. The effects of RAYLEIGH fading are reduced
in this manner. The output of the two-burst interleaver
105 is provided to the input of a modulo-two adder 107 so
that the transmitted data is ciphered bit-by-bit by
logical modulo-two-addition 6f a pseudo-random bit
stream.

The output of the channel coder 104 associated
with the SACCH generator 103 is connected to a 22-burst
interleaver 108. The 22-burst interleaver 108 |
interleaves data transmitted over the SACCH over twenty-
two time slots each consisting of twelve bits of
information. ,

The mobile station further includes a Sync
Word/DVCC generator 109 for providing the appropriate
synchronization word (Sync Word) and DVCC (digital
verification color code) to be associated with a
particular connection. The Sync Word is a twenty-eight-
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identification. The DVCC is an eight-bit code which is
sent by the base station to the mobile station and vice-
versa, for assuring that the proper channel is being
decoded. '

A burst generator 110 generates message bursts
for transmission by the mobile station. The burst
generator 110 is'connected to the outputs of the modulo-
two-adder 107, the 22-burst interleaver 108, the Sync
Word/DVCC generator 109, an equalizer 114, and a control
channel message generator 132 to integrate the various
pieces of information from these respective units into a
single message burst. For example, according to the
published U.S. standard EIA/TIA IS-54, a message burst
comprises data (260 bits), SACCH (12 bits), Sync Word (28
bits), coded DVCC (12 bits), and 12 delimiter bits,
combined for a total of 324 bits. Under the control of
the microprocessor 130, two different types of message
bursts are generated by the burst generator 110: control
channel message bursts from the control channel message
generator 132, and voice/traffic message bursts. The
control channel message replaces the SACCH as well as the

-speech data normally generated in a voice/traffic burst.

The transmission of a burst, which is
equivalent to one time slot, is synchronized with the
transmission of other time slots, which together make up
a frame of information. For example, under the U.S.
standard, a frame comprises three full-rate time slots.
The transmission of each burst is adjusted according to
timing control provided by the equalizer 114. Due to
time dispersion, an adaptive equalization method is
provided in order to improve signal quality. For further
information regarding adaptive equalization techniques,
reference is made to U.S. Patent Application Serial No.
315,561, filed February 27, 1989, and assigned to the
same assignee. Briefly, the base station functions as
the master and the mobile station is the slave with
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A frame counter 111 is coupled to the burst

geherator 110 and the equalizer 114.
111 updates a ciphering code utilized

station for each transmitted frame, e.

ms.
ciphering code utilized by the mobile

random algorithm is preferably utilized.

The frame counter
by the mobile
g., once every 20

station.
The ciphering

unit-112 is controlled by a key 113 which is unique for

each subscriber.
sequencer which updates the ciphering

The burst produced by the burst generator 110,

is forwarded to an RF modulator 122.

The ciphering unit 112 consists of a

code.

The RF modulator

122 is operable for modulating a carrier frequency
according to the 7/4-DQPSK method (r/4 shifted,
Differentially encoded Quadrature Phase Shift Keying).
The use of this technique implies that the information is
differentially encoded, i.e., 2~bit symbols are .
transmitted as four possible changes in phase: * /4 and

+ 37/4.

The transmitter carrier frequency supplied to

the RF modulator 122 is generated by a transmitting
frequency synthesizer 124 in accordance with the selected

transmitting channel.

Before the modulated carrier is

sEkehfd fi'Bmt Eﬁbr b&@%o%aﬁwandof f

210, the tiner
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A ciphering unit 112 is provided for generating the
A pseudo-

transmitted by an antenna, the carrier is amplified by a

power amplifier 123.
amplifier is selected on command by a
controller 130.

mlcroprocessor

A receiver carrier frequency signal is
generated in accordance with the selected receiving
channel by a receiving frequency synthesizer 125.
Incoming radio frequency signals are received by a
receiver 126, the strength of each signal being measured

by a signal level meter 129.

The received signal

The RF power emission level of the
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particular target cell, each handoff requegts- s directed to gnother—target

cell which may be able to satisfy the handoff request. Wthodyt such a t?ﬁé

limt, the cal stpengeat lv&llu@s%claiéiﬂ Sérith Hd ey ke dmrolddSeEqUEST coutrd
deterorate andocveniyabl 4t 1951 nd Ml Ve S, LN HiEe L O" 1 °
sSW t chi ng cent theceetedkenr @me:g fraqueiisy es:sgzxalecﬂ-umsthtevreaeiving
Ctations w tni RESROCHEY, hymiradidlt o hrd Y SARY Sfedhenct hIgAL ©
control. As defrembtle wegpedatesr Ikﬁﬁudennﬂuwﬂtesu;hEHIRQJOpf@%@%%ﬂﬂg uni t
200 assigns thggerf8¥W &3lgnal, thus generating an intermediate

frequency. The intermediate frequency signal is then

demodulated by an IF demodulator 128, which restores the

orig1na1 x/4-DQPSK-modulated digital information.

The restored digital information provided by
the IF demodulator 128 is supplied to the equalizer 114,
A symbol detector 115 converts the received two-bit
symbol format of the digital data from the equalizer 114
to a single-bit data stream. The symbol detector 115 in
turn produces three distinct output signals. Control
channel messages are sent to a control message detector
133 which supplies detected control channel information
to the microprocessor controller 130. A modulo-two adder
106 and a two~burst deinterleaver 116 reconstruct the
speech data/FACCH data by assembling and fearranging

' : information from two time slots of the received data.
The symbol detector 115 supplies SACCH data to a 22-burst
deinterleaver 117. The 22-~burst deinterleaver 117
reassembles and rearranges the SACCH data spread over
.twenty~-two consecutive frames.

The two-burst deinterleaver 116 provides the
speech data/FACCH data to two channel decoders 118. The
convolutionally encoded data is decoded using the reverse
of the above-described coding principle. The received
cyclic redundancy check (CRC) bits are checked to
determine if any error has occurred. The FACCH channel
coder furthermore detects the distinction between the
speech channel and any FACCH information, and directs the
channel decoders 118 accordingly. A speech decoder 119
processes the received speech data froﬁ the channel
decoder 118 in accordance with a speech decoder algorithm
(e.g., VSELP), and generates the received speech signal.
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each cell may be specified by the nobilg gwitcing center asg reservea ror

handof f requests. In other words, once the nunber of availghle or

unoccupi ed RS de E5%al NP8 finally enhanced by a filtering
technique. Messages on the fast associated control
channel are detected by a FACCH detector 120, and the
information is transferred to the microprocessor
controller 130. . .

The output of the 22-burst deinterleaver 117 is
provided to a separate channel decoder 118. A SACCH
detector 121 detects messages on the slow associated
control channel and transfers that information to the
microprocessor controller 130.

The microprocessor controller 130 controls the
mobile station activity and the base station
communication, and also handles the input and output from
a terminal keyboard and display unit 131. Decisions by
the microprocessor controller 130 are made in accordance
with received messages and measurements that are made.
The keyboard and display unit 131 enables information to

- be exchanged between the user and the base station.

Fig. 3 illustrates an embodiment of a base
station that can be utilized in a cellular telephone
systen that operates in accordance with the present'
invention. The base station incorporates numerous
component parts which are substantially identical in
construction and function to component parts of the
mobile station illustrated in Fig. 2 and described in
conjunction therewith. Such identical component parts
are designated in Fig. 3 with the same reference numerals
utilized hereinabove in the description of the mobile
station, but are differentiated therefrom by means of a
prime (') designation.

There are, however, some distinctions between
the mobile and base stations. For instance, the base
station has two receiving antennas. Associated with each
of these receiving antennas is a receiver 126', an RF
demodulator 127', and an IF demodulator 128°'. _
Furthermore, the base station does not include a user
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receivers that measuge the
current .signal strength of signals on all frequencies
used in adjacent cells. When a call connection between a
mobile and its home base station deteriorates in strength
and/or quality, the mobile's currently assigned or "home"
base station requests a handoff with the "home" Mobile
Switching Center MSC. Before an actual handoff, however,
the MSC executes a "locating" process. After the handoff
‘request, the MSC locates or identifies available '
neighboring cells, if any, that could satisfactorily
handle the call handoff. A neighboring base station is a
base station that is physically located so that it may
measure the signal strength of a mobile assigned to
another base station. Typically, the neighboring base
stations correspond to the cells adjacent to the cell of
the home base station. However, neighboring base
stations may also correspond to adjadent cells. By way

" of comparison, a target base station is a neighboring
base station receiving the optimal (e.g., the strongest)
signal from the mobile to be handed off. It should be
recognized that while a handoff is usually to another
voice channel assigned to a neighboring base station, a
handoff may also be made between voice channels assigned
to the home base station to improve voice quality.

The locating procedure is illustrated in a
simplified manner in Fig. 4. The dashed lines represent
requests'from a home MSC (MSCl) for signal strength
measurements and replies from neighboring base stations.
The home MSC1l may also request and receive signal
strength measurements from neighbor bases stations
assigned to neighboring MSC's, e.g., MSC2, for signal
strength measurements on the particular call connection
frequency over which that mobile is currently
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nei ghboring cells 1, 2, . . N In response to a |ofating reques
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station or %%&bhﬁﬂ¥§iéngéll.controlled by another MsSC. The signal

| strength receivers may be equipped with a memory for
storing regular signal strength measurements, or the
signal strength measurements may be made at the time of
the request.

When all of the signal strength measurements
are received from all of the neighboring cells, the MSC
evaluates the potential suitability of all neighboring
cells based on several criteria: signal strength,
hysteresis, offset, connection parameters, etc. Very
often a neighboring base station having satisfactory
signal strength measurements cannot be located. However,
if acceptable neighboring cells are available for
consideration, the MSC then must determine if any of
these candidate cells have free voice channels to assume
the handoff call connection. For example, if two
suitable cells are identified and one cell is congested,
the other cell is selected for the handoff. On the other
hand, if more than one satisfactory base station is
located, the MSC selects a target base station having the
most optimal measurement value, e.g., greatest signal
strength.

- In digital cellular systems using Time Division
Multiple Access (TDMA), each mobile station may assist in
collecting signal strength information. Because a mobile
station transmits information in one time slot and
receives information during another time slot, it has
time to monitor signal strength data assuming there are
more than two time slots per frequency. The mobile
station measures the strengths'of'control signals on
selected frequencies associated with neighboring cells.
These strength signals are then reported to the home base
station over the SACCH. The home base station evaluates
the signal strength information in much the same way as
the MSC does in analog, FDMA systems, and a handoff
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-20- or nore target base stations have been identified i tep—222;
pr ogram control proceeds to step 224 where the central prpcessing unit 2
polls all general channels corresponding to a target base} st t‘ﬁ@% 8rﬂ%l1
to determine if there is an avail abl e channel. fl.a_genera

channel is available in the target base st¥+on, that chahnel is a55|gned
to the handoff for new call requests. If no general chann
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available, it I's assig ando request 1 n step 230.
Handoff (MAHO), it is more accurately termed moblle-
assisted locating.

A more detailed description of the mobile
switching center (MSC) will now be provided in
conjunction with.Fig; 5. A central processing unit 200
controls the input of various received information and
the output of numerous signal'commands. As described
above, the central processing unit 200 receives signal -
parameters, such as signal strength, relating to call
connections between the base stations under the MSC's
control and various mobile stations. The MSC also
processes signal strengths from base stations associated

. with other mobile switching centers to allow handoff
across the border between two MSC's. These signal
connection parameters may be stored in a signal strength
memory in the form of a look-ﬁp table. The central
processing unit 200 determines the optimal base station
corresponding to the greatest signal strength for

' handling a particular handoff request.

The central processing unit 200 is also
connected to a handoff request queue memory 204. The
central processing unit 200 maintains a plurality of
queues 210 for each target base station/cell. Each
target cell queue may be, for example, a first-in-first-
out (FIFO) stack memory for storing handoff requests to
that particular target cell. Of course, other queuing
techniques may be used such as last-in-first-out (LIFO).
As an example, cell No. 1 may not have any available

- radio channels for additional call connections whether
tnéy be handoff requests or new call requests. In that
instance, each handoff request (HOR) would be stored in
queue No. 1 with the earliest -or oldest handoff request
HOR No. 1 being stored at the top of the queue and the
most recent or youngest handoff request HOR M being
stored at the bottom of the queue. When a communications
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decision step 232, it is determned if there are any other target—base
stations. If one or nore target base stations remain, steps 2424-2 ar
re-executed. Otherw se, program control proceeds to step 234 mheréf!ABR'W97
handof f request is -added to each target base station's handof{f lreguest

queue. In other words, if every target jgse station is so coqgested t hat no
general or reserve channel is available for a handoff requestb—that—hanrdoff—-I»
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In to target cell No. 2 and queue N corresponds to target

cell N, N corresponding to the number of cells controlled
by the mobile switching center. '

In conjunction with the handoff request queues
204, the central processing unit 200 includes a software
timing routine for monitoring the length of time
particular handoff requests have been stored in their
respective handoff request queues 210. For each
individual queue 210, the timer routine records the
length of time each handoff request (HOR) has been stored
in that queue. In effect, each HOR has an associated
"time stamp" which ensures that the HOR does not become
stale because of changed sysﬁem or parameter conditions..
Once the software time stamp expires, the central
processing unit 200 removes the associated handoff
request HOR from the queue. This limited life of handoff
requests in their respective queues also ensures that if
no handoff is possible to a particular target cell, each
handoff request is directed to another target cell which

K ‘may be able to satisfy the handoff request. Without such
a time limit, the call connection associated with the
queued handoff request could deteriorate and eventually
be lost. 1In this way, some definitive action is taken
before such deterioration or loss occurs.

The mobile switching center central processing
unit 200 also receives new call requests from subscribers
initiating a call connection to or from mobile stations
within one of the cells under the mobile switching
center’s control. As described in greater detail below,
the central processing unit 200 assigns these new call
requests to available voice channels in a particular
target cell only if the queue 210 corresponding to that
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step 244, if no unreserved channels are available in the h Udbe Station,
control proceeds to the decision step 246 where the nobil e} s gAﬁ%‘@@?te
determ nes whet her the nobile should be directed to anothe cel

directed retry nessage is sent to the nobile in.step 248. bherwi-se—all 1
avai |l abl e channel s are occupi ed due to cony@sti on on the npetwork as
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depicted in step 250. If_ it =2t TS
det ermi ned i n targeb el ist epptysand Afi §hexe age available voice

channels not reserved for handoff requests. - A
predetermined number of available voice thannels in each
cell may be specified by the mobile swit iing center as
reserved for handoff requests. In other words, once the
number of available or unoccupied channels is less than
or equal to that predetermined number, those remaining

- channels may not be assigned to new call requests. Only
handoff requests may be assigned. The predetermined
number may, of course, be varied depending on system
needs. '

In this fashion, the central processing unit
200 ensures that handoff requests take priority over new-
call requests. More specifically, the present invention
insures that handoff requests specific to a particular
target cell always have priority use of reserved and
unreserved voice channels in a particular target cell as
they become available.

A detailed flow chart description of a
procedure which may be followed by the central processing

. ' unit 200 of the mobile switching center for implementing
the present invention is illustrated in Figs. 6-9. The
flow diagram in Fig. 6 shows a control procedure called
"locating request®" for locating neighboring base stations
for handoff. Initially at step 220, the mobile switching
center receives signal strength values from neighboring
base stations assigned to neighboring cells 1, 2, . . .,
N. . .

In response to a locating request, the central
processing unit 200 determines in step 222 the optimal
base station for receiving that handoff call connection.
The optimal base station is determined based on one or

' more signal parameters, such as signal strength, of the
call connection. Using signal strength as an example,
“optimal" means the signal having the greatest signal
strength. The optimally determined base station is
identified as the target base station or cell. Once one
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Non- orlglnatrng calls are termnated in step 254 and foll owed py a cal

rel ease command in 256. The handoff request servic - ot ABRi 1997
depicted in Fig. 8. 1n decision step 260, the central procesjsijng unit 200
of the nobile switching center determ pgg_whether any previdusly used
channel s have beconme available in a target base station. If kRet——contral

| oops back g0 JFT% nsasé E’ESt'ﬂéﬂQOixEv&e%%ﬁt 1&&&'1&@.@.& firp gahgnel is
avai |l abl e, control proCee to_step 262 where the central efﬁgxeSSIHQ uni t
200 scans t3% chaﬁﬁRﬂ‘Faq’eﬁ%EF"{-I—Eﬁgcﬁﬁéﬁet85§889alzé’d’ wher Svail abl e
channel}I Hlogzeiﬂmsl @rsée@siﬁé uhitt pooepalasnallagenkeiralephasinels t he
scanneé ueue

are handof f© YRS H\gtﬁgnglcsﬁﬁgggl—&gﬁﬁ\églgkﬁﬁeo ngtl plté’GShalnLe} hle;e

assi gned t dlettermimeiciif nthete ia anepvailablle chhmnelords, the nobile's

handoff request is grpptgdyaglfal NEnGAhkl is available in the target
base station, that channel is assigned to the handoff for
new call requests. If no general channels are available,
the central processing'unit 200 polls those channels
reserved for handoffs in the target base station in
decision step 228. If a reserved channel is available,
it is assigned to the handoff request in step 230. 1In
decision'step 232, it is determined if there are any
other target base stations. If one or more target base
stations remain, steps 224-230 are re-executed.
Otherwise, program control proceeds to step 234 where the.
handoff request is added to each target base station's
handoff request queue. In other words, if every target
base station is so congested that no general or reserve
channel is available for a handoff request, that handoff
request is stored in each handoff request queue for each
target base station. |

, For purposes of comparing the locating request

channel assignment procedure outlined in Fig. 6, the
channel assignment procedures for new call setups is
illustrated in Fig. 7. In step 240, a mobile access is
generated in response to a mobile station originating a
call or responding to a page. Typically, the mobile will
be assigned an available, unreserved voice channel
associated with its home base station. As depicted in
step 244, if no unreserved channels are available in the
home base station, control proceeds to the decision step
246 where the mobile switching center determines whether
the mobile should be directed to another cell. If so, a
directed retry message is sent to the mobile in step 248.
Otherwise, all available channels are occupied due to
congestion on the network as depicted in step 250. If it
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connection is transferred to the newWy avail abl e voi ce channgl +rR-t+hat

target base station. After the handoff has been conpl eted, cpnjrol proceeds
to step 270 where paral l el handoff request entries in other hahddFé AP 1
gueues corresponding to other target base stations are del etgd
As described earlier, each handoff request2ias a linmited lifp in the

handof f request queues. A software tining routine |abelled At~

9 is used to rimideterninedninestephasdothate fhdst isaamh@uigAnatng n each
handof f requeséagyeu? 3&91 torhep ﬁ&%sa%lé isf set Handadidp rz:‘sweécs emeries

in all of the handof

uest queues ATe scanned. In St e
handof f requeSioRIte ys?EtéﬁPectgﬂnFGFls}%W Gl %%&ﬁ?ﬁ%ﬁ%ﬁf?m
the timer routstep Chaserahaefouotzba byma sz*aatm rellease Todnd ulmr2gendof f

may be stored in a handobher BapESE £y aguesy Fetics uii, . SRRAC ]

in Fig. 8. In decision step 260, the central processing
unit 200 of the mobile switching center determines
whether any previously used channels have become
available in a target base station. If not, control
loops back to the beginning of the handoff request
routine. If a channel is available, control proceeds to
step 262 where the central processing unit 200 scans the
handoff request (HOR) queue associated with the available
channel. In decision step 264, if there are no handoff
requests in the scanned HOR queue, the channel is marked
available in step 266. If there are handoff requests in
the scanned HOR queue, the available channel is assigned
to the queued mobile in step 268. In other words, the
mobile's handoff request is granted, and the call
connection is transferred to the newly available voice

' channel in that target base station. After the handoff
has been completed, control proceeds to step 270 where
parallel handoff request entries in other handoff request
queues corresponding to other target base stations are
deleted.

As described earlier, each handoff request has

a limited life in the handoff request queues. A software
‘timing routine labelled "timer" in Fig. 9 is used to
monitor the time each handoff request has been stored in
each handoff request queue 210. In step 280, all of the
handoff request entries in all of the handoff request
queues 204 are scanned. In step 282, a handoff request
entry is selected for examination. In decision step 284,
the timer routine determines if the time stamp for this
particular handoff request entry has exceeded the maximum
time T,,, that the handoff request may be stored in a
handoff request queue. If the time stamp exceeds Toax,



-22- that handof f request entry is deleted in step 286 frcw§PP AG§N§@H}SHEET
request queues. Ot herw se, control proceeds to decision blogk] 288 to

determne if any further handoff request entries exist. If ho ertté APR 1962
to be nade, the tinmer routine begins again. G herw se, contfrol returns to
step 282 where anot her handoff request_gpLry is sel ected. Thus,
the present invention provides a

that handoff request entry is deleted in step 286 from
all handoff request queues. Otherwise, control proceeds
to decision block 288 to determine if any further handoff
 request entries exist. If no entries are to be made, the
timer routine begins again. Otherwise, control returns
to step 282 where another handoff request entry is
- selected. |

Thus, the present invention provides a
structure and a procedure for rapidly and reliably
accomplishing call handoffs as mobile stations exit one
cell and enter another. Given the practical limitations -
in the number of available voice channels during peak use
periods or in congested urban areas, the present
invention provides a means for pribritizing and
preserving ongoing call connections. In particular, the
present invention insures that handoff requests to a
particular target cell receive paramount consideration to
ensure that optimal conditions exist, if at all possible,
for handoff requests.

While a particular embodiment of the present
invention has been described and illustrated, it should
be understood that the invention is not limited thereto
since modifications may be made by persons skilled in the
art. In particular it should be understood that the
invention may be implemented 'in analog systems or digital
systems or combined analog/digital systems. The
invention may be implemented in systems using FDMA, TDMA,
or CDMA. Thus, depending on the type of system, a
channel between a base station and a mobile station may
occupy/constitute a complete radio frequency, a time slot
of a radio frequency, a code or any part thereof
appropriate for the interstation radio signalling in
question. The present disclosure contemplates any and
all modifications that fall within the sphere and scope
of the underlying invention disclosed and claimed herein.
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structure and a procedure for rapidly and reliably acconplishing call-:
handof f s as “H\ R ‘tlt one cell and enter anoth ) QTR
practi cal W\“\mm ‘ “! l! unber of avail abl e voice chght EEMQSE“L
use perlods or*in cbngested urban areas, the present invemtjon provides a
means for prioritizing and preserving ongn?%g call connecti ¢nst 6IAPR 1997
particul ar, the present invention insures that handoff regugsts to a

particul ar taC3NIMES | receive paranount consideration tofensure that
optimal conditions exist, if at all possible, for handofflrequests

Whil e a particul ar enbodlnent of th resent ipven as b cribed
and ill ugt rated, it shoutd H TebERed: 59H ERSEFERT Hﬁﬁg FFBH"%?ES?EI i mited

thereto Slnceﬁ@qﬂéaﬁEHtax6 pEjobityndeebynger sabl séqhésﬂ5|ncthaqmga I n
anal 0g syst end i grime oy Feneonbd ot LoHRR bER TR RReRE
target cell in a cellular mocbile radiotelephone

communications system, comprising:

determining whether any voice channels are
ava;lable for assignment to call requests for said target
cell;

storing said handoff call requests to said
target cell in a queue for a predetermined period of time
if no voice channels are available:; :

examining said queue for queued handoff
requests when one or more voice channels becomes
available in said target cell;

assigning queued handoff requests to voice
channels that become available in said target cell durlng
said time period; and

assigning new call requests to said available

' ) voice channels in said target cell when said queue is

empty.

2. The method according to claim 1, wherein
for plural target cells, each target cell has a
corresponding queue for storing handoff requests to that
target cell. |

3. The method according to claim 1, further
comprising:

removing handoff requests that have been stored
in said queue longer than said predetermined tinme.

4. The method according to claim 1, further
comprlsing.
_ reserving a specified number of voice channels
'in said target cell solely for handoff requests:;

This Sheet Has Been Replaced
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i nvention may be—+nplenented in systens using FDVA, TDVA, REEEA@ENE%UESHEET

dependi ng on,the type of system a channel between a base $t&fron and a
nobi | e stat"iﬂ ij stitute a conplete radio frequency 7
mm,m,’code or any part thereof apprgp |a%ga%orrw?1

slot of ara
Interstation radio S|5naPI|NQ in questigp. The present dis
contenpl ates any and all nodifications that fall within th sphere and

scope of the underlyiggsigneny AAndoee eegiiedts Torbdtth t¥sifved and
unreserved voice channels; and
assigning new call requests only to unreserved
voice channels. |

5. In a cellular mobile radiotelephone
communications system having plural geographically-
separated radio base stations serving corresponding
plural geographical cells, a method for prioritizing new
call and handoff requests to engage voice channels
assigned to at least one target geographical cell,
comprising:

(a) reserving at said target cell a
predetermined number of reserved voice channels for .
servicing only handoff requests;

(b) gqueuing handoff requests to said target
cell when no reserved or unreserved voice channels are
available in said target cell;

(c) assigning said queued handoff requests to
voice channels that become available in said target cell;
and

(d) assigning new call requests to unreserved
voice channels that become available in said target cell
when no handoff requests are queued in said queuing step.

6. The method according to claim 5, wherein
said queuing step includes prioritizing said queued
handoff requests and said handoff request assigning step
includes assigning said queued handoff requests in order
from highest to lowest priority.

. 7. The method according to claim 5, wherein
T said step of queuing handoff requests further includes:
monitoring a period of time said queued handoff
requests remain queued, and
removing queued handoff requests when said time
period exceeds a predetermined value.
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CLAI MS: A-ret hod for ensuring that ha
requests take orit ver new call requests to engage vp
assigned to a ﬁlﬂﬁﬂu“ Hﬂ; ElEphlcal target cell in a ce
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det er mi ni ng whet her any voi ce channel s are%vail able for a
requests for said target cell; storing sald
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in response tgofp@dkang¥ nation that no voice channels are

o

repeating steps (a)-(d) for plural
cells. '
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handof f caIL

target

9. A cellular mcbile radiotelephone
communications system for ensuring that handoff requests
take priority over new call requests to occupy voice
channels assigned to at least one geographical target

cell, comprising:

means for preventing a new call request from
seizing an available voice channel in said target cell if
the number of available voice channels is less than a

preset number:;

means for allowihg only a handoff request to
seize an available voice channel in said target cell if
the number of available voice channels is less than said

preset number:;
means for queuing handoff requests

for said

target cell if no voice channels in said target cell are

. available;
means for assigning queued handoff

requests to

the next available voice channel in said target cell; and
means for allowing new call requests to seize

available voice channels in said target cell

if no

handoff requests are queued and if the number of

available voice channels exceeds said preset

10. The system according to claim

number.

9, wherein

said queuing means includes a plurality of queues, each
‘queue corresponding to one of plurality of target cells
and storing handoff requests to said corresponding queue

and wherein said handoff requests are stored
corresponding queue in order of receipt.

in said_

11. The system according to claim 10, further

comprising:
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avaiiable;,;__ﬂ—- exam ni ng sai d queue for queued handoff requests
when one or nore voicEﬂmjﬁE“nels becones available in said target cell

assigning q Hm“ ‘“ uests to voice channels that becone avail abl e
in saidta

said time period; and assi gni ng
new cal | requests fo said avail abl e voFéé=channels i n said target cel
only when said queue is enpty 2. .The net hod according

to claim1. wherein fBeapsufRr timdsg the gmount of time each
handoff request resides in said_co:responding queue;

means for comparing the elapsed time amount of
each handoff request to a predetermined time; and

means for removing from'said_corresponding
queue handoff requests whose elapsed exceeds said
predetermined time.

12. The system according to claim 10, wherein
each target cell has a corresponding queue and handoff’
requests to a target cell are stored in said '
corresponding queue in order of greatest priority.
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each.target cell has a correspondi ng queue for storing.handoff requests to

t.hat target cell. - . 3. The net hod #REPLRCEMEM‘ SHEE']T 1,

further conprising:

16 APR 1997
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PRIORIZATION BETWEEN HANDOFF AND NEW CALL REQUESTS

IN A CELLULAR COMMUNICATIONS SYSTEM

ABSTRACT

A method and system for ensuring that handoff
requests take priority over new cell requests toc engage
voice channels assigned to a particular target cell are
provided. A certain number of channels are reserved for
handoff reqﬁests. However, if no channels, reserved or
unreserved, are available, handoff requests to a
particular target cell are stored in a corresponding
queue for a predetermined period of time. Thus, when
voice channels become available, they are seized in order
to satisfy the handoff requests stored in that queue. If
the handoff queue is empty, new call requests to a target

' cell may be assigned to available voice channels.

(No suitable figure)
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renDV|ng handof f requests that have been stored in said queue |onger than

sai d predeterm ned tine. 4. The met hod according to
claim1, further conprising; reserving a specified nunmber

of voice channels in said target cell solely for handoff g

assi gni ng handoff requests to both reserved and unreserve é@lﬂH’nSHEET
and assigning new call regpgsts only to u rekserved VOl C

channel s. : 16 APR 1997
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6.  The method according to claimb5, vherein said queuing step includes

prioritizing said queued handoff
assigning step includes assigning said queued handoff re

from highest to | owest priority. 7.

according to claim5 wherein said step of queuing
I ncl udes: nonitoring a perlgp of time said

requests renmai n queued, and

i, 4

handof f

requests and sai d handof f

request
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renovi ng queued handof f
predet er mi ned val ue. 8-
"5, further conprising: :
target cells. 9.

requests when said tinme period exceeds é
The nmet hod according to claim
repeating steps (a)-(d) for plural

A cel lul ar ﬁDbI|6Il¥M4%€$€§£?ﬁe——-—
communi cati ons system for ensuring that handoff tequestJREEkACEi i SPEET
over new call requests to occupy voice channel's-assigned} tromat—T&ast ong
geogr aphi cal -target cell, conprising: 16 APR 1997

(" LocATING REQUEST )
] _
RECEIVE SIGNAL STRENGTH VALUES
220 FROM NEIGHBORING BASE
STATIONS 1,2,3...N
1 }:Efzz;u v
DETERMINE OPTIMAL BASE
222 STATION(S) AS TARGET BS
FOR CALL CONNECTION
IS A Y
GENERAL CHANNEL AVAILABLE IN
- _THIS TARGET B5 7 {
. ASSIGN CHANNEL  [—226
SA RETURN
RESERVED CHANNEL AVAILABLE
- IN TARGETBS 2
ASSIGN CHANNEL  |~230
RETURN )
232

ANY OTHER TARGET 8S'S ?

ADD A HANDOFF REQUEST
(HOR) TO TARGET BS'S
HOR QUEUES

—234

' !
( RETURN )



i nput neans for receiving a signal representing the nunber of available

voi ce channel s;
preventing a new call request from

6/8

(" NEW CALL SET-UP )

i

ACCESS FROM A MOBILE
ORIGINATING A CALL OR
RESPONDING TO A PAGE

-—240

IS THERE
AN UNRESERVED AVAILABLE
CHANNEL, AT HOME

242

SHOULD THE
MOBILE BE DIRECTED TO

246 ANOTHER CELL ?

250— GONGESTION . NO
AVAILABLE CHANNELS

IS THIS CALL AN

means, coupled to said input neans, for

REPLACEMENT SHEET
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ASSIGN CHANNEL 204

\F
- RETURN

SEND DIRECTED | o4q
RETRY TO MOBILE

25 ORIGINATING CALL ?

258 —

\

TERMINATE CALL  [—254

SEND A CALL REORDER

SEND A CALL RELEASE  |—236




sei zing an avail abl e voice channel in said target cell in response to a

determ nation that the nunber of avail abl e voice channel s ys—ess—than_a. . _
preset nunber; means, coupled to said input REREECENH%TTSHEET
allowing only a handoff request to seize an avail able voick T

said target cell in response to the nunber of available

neans,“’c;%%??@' 7

t arget jce—n-—respons

being | ess than said preset nunber;

i nput means, for queui ng handoff requests for said
to a determination that no voi ce channdl8 in said target cgll are

avai | abl e; meanss sai d queui ng nEans,—fot
assi gni ng queued handof f HOR ROUTINE

HAVE

BECOME AVAILABLE IN A
TARGET BS 7

ANY PREVIOUSLY USED CHANNELS

SCAN THE HOR QUEUE
. ASSOCIATED WITH THE
AVAILABLE GHANNEL

—262

ANY HOR'S IN THE
SCANNED QUEUE ?

1

264
266 —

ASSIGN CHANNEL TO THE

968 — MOBILE WAITING IN THE
QUEUE, 1.E. HANDOFF

THAT MOBILE TO CHANNEL

MARK CHANNEL
"AVAILABLE

]

DELETE POSSIBLE ENTRIES
270 — IN OTHER HOR QUEUES
~ ASSOCIATED WITH THIS
SAME CALL

FF=. &



requests to the next avail able voice channel in said target cell; and
reans, coupled to said input neans and to said queui ng neans, for allow ng
new call requests to seize avail able voice channels in said target cel
only in response to a determ nation that no handoff re R. 5 tretred
and that the nunber of avail able voice channels exceedd EELECQ% *HiSHEET
nunber . 10. - The system according t¢ ¢laim9, WiErel|n
sai d queui ng nmeans i ncludes a plurali tgy 8of gueues, eagh QUEHEAPR 1997
corresponding to one of a plurality of target cells

SCAN ALL HOR  |__ogp
ENTRIES, HOR QUEUES

o

SELECT A HOR ENTRY {282

HAS
THE TIME STAMP FOR
THIS ENTRY EXCEEDED

Tyax ¢
‘ . N - DELETE HOR ENTRY
FROM HOR QUEUES
\zas
_—




and storing handof f sai d corresponﬁlngngggygg
handoff requests are stored in said correspon

receipt.
conpri si ng:

| ODEA W
R O lﬂll\‘: fre oyt em ety ¢ ] a3,

a wing(s) : paged ..... fo paged

Abstract  : paged % to paged.....
CLAIMS: DATE OF RECEIPT 99}8/73

1. A method for ensuring that handoff caﬂ.mqucgts take priority over
mew call requests to engage voice chanmels assigned to at Jeast one geographical target cefl
in a cellular mobile radiotcléphone commupications system, comprising: |

determining whether ény voice channels are a\failable for assignment to call
requests for said target cell;

. storing said handoff call requests to said target cell in a queue for a
predetcnninéd period of time in mponéc toa dctcrmiﬁation that no voice channels are
avaﬂable; |

examining said queue for queved handoff requests whexn one or more voice
channels becomes available in said target cell;

assigning quened handoff requsts to voice channels that become available in

said target cell during said time period; and

assigning new call requests to said available voice channels in said target cell

only when said queue is empty.

2. The method according to claim 1. wherein for plural target cells,

each target cell has a corresponding queue for storing handoff requests to that target cell.

3.  The method according to claim 1, further domprising:

REPLACEMENT SHEET
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means, coupled to the queuing neans, for timng the amount of tinme each
handof f request re§|’o£a_s,_l_n_saj_d_correspond| ng queue; means,
coupled to the timng neans, for conparing the el apsed tinme amount O each

handof f reques m“tngd time and means, coupled
to the queuing g g\lﬁlﬂ“w‘ mg from gaid corresponding queue handof f
request s whose apsed ttnes eXceeds said predetermned tine.

12. The system according to claim10, wherein each target cell has a

correspondi ng queue and handoff requests to a target cell are stored in
said corresponding removing handoff requests that have been stored in said queue longer than

said predetermined time.

4. - The method according to claim 1, further comprising: |

reserving a specified number of voice chanuels in said target cell solely for |
handoff requcsts;

'a_ssigning bandoff requests 1o both reserved and unreserved vbipe channels;
and |

assigning new call requests only to unreserved voice chamnels.

| 5. In a oellular mobile radxotelcphonc commumcanons system having
plural geogmpmcally-separated radio base stauons serving correspondmg plural
geographical cells, method for prioritizing new call and handoff requests to engage voice
chanoels assigneci to at least one targét geographical cell, comprising:
| @ | reserving at ¢aid target cell a-predé,tcrmined number of reserved voice
channels for servicing only handoff requests;
(b) queuing handoff requests 1 said target cell in response o a
determination that no reserved or unreserved Qoice channels are available in said target cell;
(c) assigning said queued handoff requests to voice channels that become

available in said target cell; and

-
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(d) assigning new call requests to unreserved voice channcls that become

availablc in said target cell only when no handoff requests are quened in said queuing step.

6. The method according to claim S, wherein ;aid queuing step includes
prioritizing said queued handoff requests and said handoff request assigning step includes

assigning said queued handoff requests in.order fromlnghest to lowest priority.

7. The method according to claim S wherein said step of queuning
bhandoff requests further ir.xcludcs:.

monitoring a bcriod of _time said quened handoff requests remain queued,
and |

rcmovmg 'quex-led handoff réqu_sts when said time period exceeds a

predetermined value..

8 The method according to claim 5, further comprising:

repeating steps (a)-(d) for plural target cells.

9. A cellular mobile radiotelephone communjcations system for ensuring
that handoff requests take priority over new call requests to occupy voice channels assigned

to at least one geographical target cell, cormprising:

-
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input means for receiving a signal rcprcsénting the numbcr of available voice
channels;

meags,' coupled to said input means, for preventing a new callrequest from
seizing an available voice chanel in said target cell in response to a determination that the
nMr of-available voice channels is less than a'presét--x_m‘mber: _

| mcans coupled to said input-mwxs. foﬁ allowing only a handoff request 1o

scize an available voice channel in said target cell in rcspoﬁse to the number of availaﬁlc;
voice channels béing less than said preset n@u;

means, coupled to said input means, for queuing handoff requests for said
target cell in r'e;sponsc to 2 determination that-ﬁo voice channels in said target cell are
available; |

| weaus, coupled to said queﬁing mears, for assigning quéﬁed handoff

requests to the next availabl_é voice channel in said target cell; and

means, coupled to said input means and to said quening means, for allowing
new call requests to seizc available voice channels in said tatgct cell only in response to a
determination that no handoff requests are queued and that thc number of available voice

channels exceeds saii preset number.

10.  The system according to claim 9, wherein said queuing means

includes a plurality of queues, each queue corresponding to one of a plurality of target cells
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and storing handoff requests to said corresponding queue and whercin said handoff requests

are stored in said corresponding queué in order of receipt.

11.  The system according to claim 10, further comprising:
| means, coupled to the quening mbanS, for timing the amount of time cach
handoff rcquest resides in said corresponding queue;
means, coupled to the tiﬁ:ing means, for comparing the elapsed time amount
of each handoff request to a pre&etermined timc; and |
means, coupled to the queuing means, for removing from said corresponding

queue handoff requests whose elapsed time exceeds said predetermined time.

12. The systein according 1o claim 10, wherein each target cell has a
corresponding queuc and handoff requests to a target cell are stored in said corresponding

queue in order of greatest priority. -
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PRIORIZATION BETWEEN HANDOFF AND NEW CALL REQUESTS

IN A CELLULAR COMMUNICATIONS SYSTEM

ABSTRACT

A method and system for ensuring that handoff
requests take priority over new cell requests to engage
voice channels assigned to a particular target cell are
provided. A certain number of channels are reserved for
handoff requests. However, if no channels, reserved or
unreserved, are available, handoff requests to a
particular target cell are stored in a corresponding
queue for a predetermined period of time. Thus, when
voice channels become available, they are seized in order
to satisfy the handoff requests stored in that queue. If
the handoff queue is empty, new call requests to a target
cell may be assigned to available voice channels.

(No suitable figure)
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