Office de la Propriete Canadian CA 2369123 A1 2000/10/12

Intellectuell Intellectual P
du Canada Office o opery en 2 369 123
Fhdtiie Canads Indushy Ganada 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2000/04/04 (51) Cl.Int.”/Int.Cl." HO4Q 7/38

(87) Date publication PCT/PCT Publication Date: 2000/10/12| (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2001/10/02 ERICSSON, INC., US
(86) N° demande PCT/PCT Application No.: US 2000/009018 (72) ISnHVZrIIIt,eX[TIIIQr_],VSgorS:
(87) N° publication PCT/PCT Publication No.: 2000/060896 H'MIMY, HOSSAM. US

(30) Priorite/Priority: 1999/04/06 (09/287,140) US (74) Agent: MARKS & CLERK

54) Titre : SYSTEME ET PROCEDE DE REAFFECTATION VARIABLE DE CANAUX DE TRANSMISSION
54) Title: SYSTEM AND METHOD FOR VARIABLE REASSIGNMENT OF TRANSMISSION CHANNELS

110 START-UP 100

112 e

o >

NO
116 114
N8~ PReasSiGN
CQM MEASUREMENT 120

122
124

“'ES
NO

YES 134

YES 138

136 N CONTINUE

0
140~ ALGORITHN_IMPLEMENTATION
147 CALL ON_PROGRESS

(57) Abrége/Abstract:
A method of assigning a channel to a service in a wireless communications network based on interferences levels and channel

quality. Channels are preassigned and then reassigned using an algorithm that assigns a channel to a service based on uplink

EORUIORIOR . o
b gy

I*I ) . Pen, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 & 7%% 110

- SRR RO S 2 A\-‘
OPIC - CIPO 191 -




CA 2369123 A1 2000/10/12

(21) 2 369 123
(13) A1

(57) Abréege(suite)/Abstract(continued):
Interference and channel quality measurements. Reassignment can be achieved in one processing pass, rather than requiring
multiple iterations.



CA 02369123 2001-10-02

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
| International Burcau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 7 : (11) International Publication Number: WO 00/60896
H04Q 7/38 Al . -

(43) International Publication Date: 12 October 2000 (12.10.00)

(21) International Application Number: PCT/US00/09018 | (81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG,

BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI., GB,

(22) International Filing Date: 4 April 2000 (04.04.00) GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG,

KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK,
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI,
(30) Priority Data: SK, SL, TJ, T™M, TR, TT, UA, UG, UZ, VN, YU, ZA, ZW,
09/287,140 6 April 1999 (06.04.99) US ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, TZ,
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD,
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK,
(71) Applicant: ERICSSON, INC. [US/US]; 740 East Campbell ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI
Road, Richardson, TX 75081 (US). patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR,
NE, SN, TD, TGQG).
(72) Inventors: H’MIMY, Hossam; 2525 Preston Road, #2015,
Plano, TX 75093 (US). SHAH, Ali, R.: 9010 Markville
Drive, #1011, Dallas, TX (US). | Published
With international search report.
(74) Agent: NAVARRO, Arthur, 1.; Navarro IP Law Group, P.C.,

801 East Campbell Road, #655, Richardson, TX 75081
(US).

(34) Title: SYSTEM AND METHOD FOR VARIABLE REASSIGNMENT OF TRANSMISSION CHANNELS

(87) Abstract

1o
A method of assigning a channel to a service il ‘1/0 |

in a wireless communications network based on in- 112 vee
terferences levels and channel quality. Channels are 0
preassigned and then reassigned using an algorithm
that assigns a channel to a service based on uplink 116 NO
interference and channel quality measurements. Re- 114
assignment can be achieved in one processing pass, 118

rather than requiring multiple iterations.

| COM_MEASUREMENT N_490

122
124

YES
126

YES @ NO
SERVICE
DROP
Pk | .5
128 130 @ .

136

140~ ALGORITHM_IMPLEMENTATION
149 1___CALL ON PROGRESS

CONTINUE

P e PP b PP i —




- .20-04-2007

Hen et U4 dep RArthur 1. Navarro 872-238-7012

JS 000308018

CA 02369123 2001-10-02

WO 00/60896 - REPLACEMENT SHEET PCT/US00/09018

SYSTEM AND METHOD FOR VARIABLE REASSIGNMENT
OF TRANSMISSION CHANNELS

/

CROSS-REFEREN LATED APPLICATIONS
The application is commonly assigned and related to U.S. Patent
~ Application Serial No.:‘09/250,629 entitied "Channel Assignment Based on
- Uplink Interference Level and Channel Quality Measurements With a Forward
5 and Backward Reassignmenl Slep”, filed February 16, 1999.

TECHNICAL FIELD . ,
The invention relates generaily to wireless communication systems,
and, more particularly, to a system and method for preassigning and
10 reassigning a transmission channel based on channel characteristics. such as
the interference and quality of a transmission channel using variable
reassignment. | |

BACKGROUND OF THE INVENTION

15 The increased demand for wireless (or cellular) communications has
resulted in advanced communications systems capable of providing a high
quality of service to more users. The systems that have emerged include
analog systems such as AdVé_nced Mobile Phone System (AMPS), and digital
systems such as the Global System for Mobile Communications (GSM) and

20 Digital AMPS (D-AMPS). To implement these systems, cellular based
communication devices operate in interference-limited environments that rely
on frequency reuse plans to maximize capacity and quality. Protocols such
as the Frequency Division Multipie Access (FDMA) in analog systems, and
the Time Division Multiple Access ‘(T DMA) in digital systems are used for this

25  purpose. ' |

-
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Because bandwidth is a limited resource (both in a physical and
regulatory sense), schemes to divide the available network resources among
as many subscribers as possible are often employed. One such scheme
which seeks to maximize bandwidth allocation efficiency invoives a
combination TDMA and FDMA (TDMA/FDMA). For example, a 25 MHZ
bandwidth can be divided into 124 carrier frequencies spaced 200 kHz apart,
with one or more carrier frequencies assigned to each Base Station in the
network. Each of the carrier frequencies, in turn, can be divided in time using
a TDMA scheme to define logical channels. Channels, in turn, may be

divided into dedicated subchannels which are allocated to a mobi.le station.

A traffic channel, also commonly called a communication or
transmission channel, is used to carry speech and data (typically non-
command) signals over the network. Traffic channels are defined in GSM
using a multi-frame, or a group of 26 separate TDMA frames. With 26
frames, typically 24 will be used for speech or data, one as a control channel.
and one will be unused. In other systems, such as Code Division Multiple
Access (CDMA) or FDMA, other methods are used. [n addition to dividing
bandwidth among subscribers, traffic channels are assigned or allocated to
iIncoming calls. Often, to increase channel efficiency, connection quality, and
the number of potential channels available for subscribers within a base
station operating area, an Idle Channel Measurement (ICM) algorithm is used
to pre-select and assign channels for the transmission of speech and data

signhals.

Two methods of channel assignment are typically used in the industry:
fixed channel assignment and dynamic channel assignment. Fixed channel
assignment involves assigning a predetermined set of channels or
frequencies to the base station or base station controller (BSC). If all the
channels within the cell of the base station or BSC are occupied, and a call

attempt is made, either the call is bilocked, meaning the mobile handset does

2.
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not receive °se\wice. or borrowing strategies utilize channels from neighboring

cells to connect the call.

With dynamic channel assignment, channels are not aliocated to a

BSC permanently. The Mobile Switching Center (MSC) distributes and
- redistributes frequencies among BSCs and base stations. The asSignments

I

remain fixed only for a period of time. Then, periodically, some
measurements are made regarding channel utilization, and adjustments are
made to the channel assignments as necded. The channels may 59

10 reallocated by a BSC each time a call request is made to more efficiently
allocate channels among base stations. |

A problem with prior art channel aSsignment algorithms and devices is

that channel assignmehts are typlcally made based on the lowest interference
158 level available even though medium interference channels would suffice given |
the channel quality belween the mobile and the switching device. This resuits

in.an unbalanced use of traffic channels, and an increase in interference
- between channels. In addition, methods that assign channels solely on the
basis of interference measurements may refuse connections for calls even

20 when a lower quality channel is available to service a call, and could be
implemented with no noticeable quality difference hy the mobile station

subscriber.

Furthermore, present systems of channel reallocation typically iterate
25 to a best channel by searching adjacent channels one at a time. (terating
along adjacent channels tc a channel with less interference reqi._aires constant

processing. An assignment method that reduces overall system processing

requirements, and more evenly allocates channcls across the available

transmission channels would be advantageous. The present invention
30 provides such a system and method.

3.
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SUMMARY OF THE INVENTION

The present invention provides a method and system for decreasing
the high processing requirements that result from prior art transmission
channel allocation algorithms. Channels are preassigned and then
reassigned using an algorithm that assigns service variably to a channel
based on uplink interference and channel quality measurements.
Reassignment may be achieved in one processing pass, rather than requiring
multiple iterations. The present invention also solves the problem of channel
crowding by initially preassigning service to a channel having a relatively high,
but acceptable interference level, and then reassigning the service to a

second channel only when necessary to improve channel quality.

Disclosed in one embodiment, is a method of assigning transmission
channels to a service in a wireless communications network. The method
comprises the step of preassigning a first transmission channel to the service.
the transmission channel having an interference level less than a
predetermined blocking threshold. Next, the service is reassigned to a
second channel based on the channel quality and interference level. |f
reassignment is necessary, a second channel is selected so that the lower
the channel quality of the first channel the lower the interference level of the
second channel. A rule table defining bands of interference and categories of
channel quality may be used to select the second channel. With variable
reassignment the location of the interference band for the second channel
may be a variable distance away from the interference band of the

preassigned first channel.

The method may also be performed by assigning transmission
channels according to a set of predefined interference bands and categories
of channel quality. Variable reassignment segregates transmission channels
in the network into a number of interference bands, ranging from a best .

Interference band to a worst interference band as well as into categories of

=4 ~
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channel quality ranging from the lowest channel quality to highest channel
quality. Channel quality can be measured as a Bit Error Rate (BER) or
as a carrier to interference ratio (C/l) of the preassigned transmission
channel. To maximize the number of channeis utilized in the network, the
step of preassigning could select the first channel as an available channel
with the highest interference level less than a predetermined interference

blocking threshold.

Also disclosed is a method of assigning a channel in a wireless
communications network having a plurality of transmission channels. The
method comprises the steps of measuring an interference ievel for each of
the plurality of channels, assigning each of the plurality of channels to an
interference band, preassigning a first channel to a service, measuring the
channel quality of the first channel and reassigning the service from the first
channel to a second channel when the channel quality of the first channel
becomes unsatisfactory, such that the second channel is selected based on
the interference level and channel quality of the first channel using variable

reassignment.

Also disclosed is a device for use in a wireless communication network
have a plurality of transmission channels, the device containing an algorithm
for assigning transmission channels to a request for service. The algorithm
comprises a discrimination function adapted to the determine the interference
and channel quality of transmission channels in the network. A
preassignment function is adapted to preassign a first transmission channel
with an interference level less than a predetermined block and threshold to
the service. The algorithm also includes a monitoring function adapted to
continually monitor the channel quality of the preassigned transmission
channel and a variable reassignment function that reassigns the service to a
second transmiséion channel when the channel quality of the preasSigned

channel becomes unsatisfactory. The algorithm can include a segregation

-5-
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function configured to classify transmission channels according to bands of
interference and categories of channel quality. The segregation function can

be further adapted to create a rule table containing a configuration of the
categories of channel quality and bands and interference, the rule table used

5 by the variable reassignment function when reassigning a service to a second
transmission channel.
The technical advantages of the present invention are numerous and
include making the channeil quallty distribution in the system more uniform,
m reducing co-channel distance with increased transmission quality and

capacity, and reducing system processing requirements of the

communications nefwork.

BRIEF DESCRIPTION OF THE DRAWINGS
15 | The above features of the present invention will be more clearly
understood from consideralion of the following detailed description taken in

connection with accompanying drawings in which:

Figure 1 illustrates a tYpicaI cellular network in which the invention can
20 be practiced;

Figure 2 shows a GSM network in which the invention may be

practiced;

25 Figure 3 is a process flow diagram of variable reassignment according

to one embodiment: and

Figure 4 illustrates a GSM network utilizing variable assignment.

30 Corresponding numerals and symbols in the tigures refer to

‘corresponding parts in the detailed description uniess otherwise indicated.

8-
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
- With reference to Figure 1, therein is shown a diagram of a wireless

communications network 10. The network 10 is seen to include an originating
mobile station (MS) 12; which can be a wireless communications device such

14N

as a Personal Communications Service (PCS) or cellular phone, but may also
include a computer,.a Personal Digital Assistant (PDA), or other wireless
terminal. for example. A base station 19 provides celluiar coverage via a
radio frequency (RF) link to the MS 12 and other mobile stations within the |
cells 22 of network 10. The terms “cell” or “cclls” will be referred to
interchangeably. Typically, several base stations 19 service a single MSC 30

=

through base station controllers (BSC) 28 (shown in Figure 2) to provide
continuous geographical coverage. For illustrative purposes only, the
coverage area of a particular cell 22 is shown as hexagonal.

o

As the MS 12a moves between a first cell 22a to a second cell 22b,
service (a call or data transmission) is handed off from' a first base station 19a
servicing the MS 12a in the first cell 22a to a second base station 19b in the
second cell 22b. As the MS 12a crosses the region serviced by the base
station 19b in the second cell 22b, the MS 12a is arriving at the transfer of the
20 communication from the first base station 19a to the second base station 195

(called a -"handoﬁ").‘A' hand-off is typically mana.ged by control systems
~ contained in the Mobile Switching Center (MSC) 30. MSC 30 is typically’in |
communication with multiple BSCs 28, as well as to fixed networks, such as
the Public Switched Telephone Network (PSTN) 24 or an optical network, for
25 - example. '

Figure 2 shows the typical layout of a GSM network 11 having three
main parts: a MS 12, a Base Station Subsystem (BSS) 14, and network
subsystem 18. The MS 12 is typically a cellular telephone that is carried by

30 the subscriber. The network subsystem 16, includes a MSC 30, that

performs the call switching functions between network users, as well as

;-7“
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mobility management. The mobile station 12 and the BSS 14 communicate
with one another across an interface 18, known as the air interface (or radio
link, or Um interface). Furthermore, the BSS 14 communicates with the MSC
- 30 of network subsystem 16 across an A-interface 20. Likewise, MSC 30
S | communicates with fixed neMorks 32 which may be the PSTN or other
cellular networks; for example.

The mobile statloﬁ 12 usually includes a mobile transceiver and a
Subscriber Identity Module (SIM). The SIM may include an ldentuty lndlcator
10 - (a "secret” key for authentication), and other relevant network/user
information. The mobile transceiver itself is uniquely identified by the
International Mobile Equipmer{t Identity (IMEl-typically, a telephone number).

The identification features of the MS 12 are independent, thereby allowing
mobility of the user about the service area of the GSM netwark 11.

13
The BSS 14 typically comprises twd parts: the Base Transceiver
Station (BTS) 26 (commonly called a base station), and the Base Station
Controller (BSC) 28. BTS 26 communicates across a standardized Abis
* interface 38 with BSC 28, allowing operatio_n between components. BTS 26
20 " houses radio transceivers that communicate across a cell 22, and the BTS 26

handles the radio-link protocols that facilitate communication with the mobile
station 12. BSC 28 manages the radio resources for one or more BTSs 26,
-and, likewise, there may be several BSCs 2B within a singie BSS 14. BSC 28
provides a communications platform between the mobile station 12 and the .
25 MSC 30 of network subsystem 16 which acts as an interface to one or more
fixed networks 32. Among the other functions of the BSC 28 are radio-
channel setup, frequency hopping, and handovers.

The central component of the network subsystem 16 is the Mobile
30 Swntchmg Center (MSC) 30, which mirrors the performance of a normal
switching node of the PSTN, and provides all of the functionality needed to

-yl -
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handle mobile subscriber communications, such as registration,
authentication, location updating, handovers, and call routing to roaming
subscribers. These functions are provided in conjunction with several other

network entities.

The MSC 30 provides the connection mechanism to the fixed networks
32 which may include the PSTN or an Integrated Service Digital Network
(ISDN), for example. The Home Location Register (HLR) 34 and Visitor
Location Register (VLR) 36, together with the MSC 30, provide call routing
and roaming capabilities for the GSM network 11. In particular, the HLR 34
contains administrative information of the subscriber registered in the
corresponding GSM network 11, along with the current iocation of the mobile
handset 12. Likewise, the VLR 36 contains selected administrative
information from a MS’s HLR 34 necessary for call control and provisioning of
the subscriber services for each mobile currently located in the geographical
area controlled by the VLR 36. Other registers are used for authentication

and security functions within the network subsystem 16.

The related application involves forward and backwards reassignment,
where channels are reassigned to channels with lower interference levels or
higher interference levels based on the characteristics of the current
transmission channel. In forward channel reassignment, before service to the
MS 12 is assigned to a channel, the BSC 28 measures the interference level
of all channels available, and then selects some of the channeis and marks
them as preassigned. Thus, service to the MS 12 is preassigned to a specific

channel, then the quality of the preassigned channel is monitored.

A measure of the preassigned channel’s quality may be derived from
the Bit Error Rate (BER) for digital networks, or carrier/interference (C/I) for
analog networks, for example. If the channel quality satisfies certain

conditions, then the call is either continued on the current channel,

9.
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reassigned to another channel having a better or lower interference level,
handed-off, or dropped. This process of reassigning the call to a better
channel is referred to as a forward reassignment. Other channel assignment
algorithms also focus on searching for a channel with a better channel quality,
or a lower interference level. Likewise, reverse channel assignment
reassigns calls to channels having higher interference levels in an effort to
balance the system, which is particularly useful in high traffic networks. The
present invention can be applied in networks using either forward or reverse
channel reassignment as weil as other techniques of transmission channel

assignment.

Searching for suitable channels in the network can piace tremendous
processing burdens on the BSC 28, the MSC 30 as well as other network
components in order to find channels with suitable interference levels. Such
processing demands can consume considerable resources of the network
since multiple and continuous iterations are often required to arrive at the

best channel for a particular service.

The present invention, as described below, reduces system processing
requirements by reassigning a service from a preassigned channel to a
second channel based on the interference levei and/or the channel quality of
the preassigned channel. Transmission channels are segregated into bands
of interference and categories of channel quality. The bands and categories
can be stored In a rule table that is utilized during reassignment. Service is
reassigned such that a new channel is chosen, based on the characteristics
of the preassigned channel. The interference bands and categories of

channel quality can be stored.

Interference Bands
The present invention contemplates the use of an algorithm to

implement variable reassignment in a wireless communication network. In

-10-
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one embodiment the algorithm includes a setup step in which interference
measurements are taken (initially on the uplink) and used to segregate
available channeils into interference bands based on the measured levels of
interference. After the uplink interference of channels in the system is
measured, the channels are categorized into “n+1” interference bands
separated by "n” thresholds. The actual value of “n” depends on the
requirements of the system and is selected by a system operator. A larger
value of "n” usually imposes a greater processing burden to implement the
algorithm. Accordingly, given “n” interference thresholds, |, |,,...l_, there are
‘n+1" interference bands I', 1°...I"". The correspondence between

iInterference thresholds and interference bands is shown in Table 1.

According to one embodiment, the algorithm takes an incoming
request for service (communications, calls or data transfers, for example) and
preassigns the service to a channel having an interference level which is
believed, based on experience and the requirements of the network, to
provide adequate quality for continued operation (meaning that no
reassignment should be necessary) of the service. Once a channel is
preassigned, further interference measurements may be taken and the
service may be reassigned to a transmission channel having a different

interference bands.

-11-
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TABLE 1

____Condition | Interference Band

" (blocked interference

With reference to Table 1, channels with interference level
measurements within the highest interference band are always blocked,
which implies that | is the blocking threshold. The blocking threshold

- depends on the system implementation and is typically predetermined by the
network system operator. Note that the bandwidth of the interference bands

need not be the same, and are in fact, typically non-uniform.

Channel Quality Categories

Once service is assigned to a channel, indicators of the channel
quality can be measured to determine the channel quality of the preassigned
channel. Initially, the channel quality of all channels in the network'can be
determined and the channels segregated into categories of channel quality.
Similar to the interference bands, channels can be classified according to
channel quality divided into categories Q', Q%, ...Q™" where “m” is the number
of channel quality thresholds. The thresholds could be chosen to evenly
divide the number of bands, or to segregate transmission channels into

channel quality categories that indicate similar levels of quality.

-12.
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The lowest quality category band, Q', indicates unacceptabile channel
quality, and the process 100 will either perfarm a hand-off, or. if a hand-off is

not possible, drop the service. Accordingly, the threshold Q, is designated as
the hand-off threshold. The Channel Quality Measurements (CQM) could be

5 based on any suitable quality indicator, such as carrier to interference ratios
(C/1) for analog systems, and Bit Emmor Rate (BER) measurements for digital
~ systems, among others. Categories of CQM according to one embodiment
are shown in Table 2. - ‘ |
TABLE 2 f
10 CQM Category/Band |  Analog ;

ci> ). BER < BER,
Cl),.,<CN<(CM). |BER,>BER>BER

BER. > BER > BER

C/D)mr < C/l < (CHl)_

[ ]

(C), < CN < (C),

=

-Jé I!!!!IIIIIIIIIIIIIIIIIIII|
.c21 |

C/l < (C/), ~ | BER>BER_

Variable Reassignment

25 - With variable reassignment, when-a request for service is received,

such as an incoming call to the network (which could be a voice call, or data
connection, for example), a channel is preassigned to a first transmission *
channs!, and tha service is raassigned (when needed) to a second channel
the location of the interference band associated with the second channél can

-13-
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be a variable distance away from the location of interference band associated
with the preassigned channel. More specifically, according to one
embodiment initially a channel is preassigned 1o service based on
interference level of the channel and reassignment if the quality of the

I

channel becomes unacceptable. If necessary, the service is reassigned to a
second channel using variable reassignment to select a second channel that

is a variable distance from the preassigned channel.

Initially, the interference level of all channels in the network is
10 determined. This is followed by segregation, wherein channels in the network
are classified into bands based on their interference level (as shown in Table

1). Then, to insure as many available channels are used as possible, an
incoming request for service is pre-assigned to a channel within a high

interference band which is believed to be adequate to provide service. Thén-.

15 after preassignment, the channel quality of the preassigned channel is
measured, and the channel is classified into a category of channel quality

based on, for exarhple, its C/l or BER measurements (as shown in Table 2).
- With vanable reassignment, an incoming request for service is reassigned to

a channel that is a variable distance away from the preassigned channel.
20 The fact that variable reassignment is utilized eliminates multiple channel
assignment iteration found with prior ant assignment aigorithms and systems.

Depending on the channel quality category, the call is either kept on

the same channel (continued), reassigned to a channel falling into a lower
25 interference band or the call may be dropped/handed-off. The call is dropped
if a hand-off candidate on another system is not available. Call reassignment

to a channel in a lower interference band ensures an interference level on the
reassigned channel that is below the one on the preassigned (or previously

assigned) channel by a predetermined value. In other words, tha channel

30 quality should increase by at least a predetermined value. However, it is

14-
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worthy to note that should the quality be more than adequate for continuing
operation, reassignment to a higher interference band may be desired to

evenly distribute calls within a network, as discussed in the related
applications.

A

Figure 3 Is a process flow diagram, denoted generally as 100,
illustrating a method of vaﬁable qreassignment according to ocne embodiment
of the invention. It is contemplated that variable reassignment according to
the invention could be implemented within one or more components of a

10 wireless communications nét\h:ork 10 or GSM network 11, such as in a Base
Station controlier 28 or Basé Station Subsystem 14 or other similar device.

The algorithm can be embodied in software, hardware or other operable

combination. Thus, the terms process, method and/or variable reassignment
algorithm shall be used interchangeably throughout. Process 100 begins at

15 step 110, wherein the uplink interference level for each channel in the
‘network is measured. Then at step 112, the channel reassignment algorithm

tests to see whether the interference (1) for each channel is greater than a
oredetermined maximum aliowable interference threshold | . If the

interference level tor a particular channecl is greater than the maximum

20 - allowable interference threshold; then the channel is blocked at step 114, If
‘the channel interference level for a specific channel is not greater than the
maximum allowablé interference threshold, then brocess 100 is directed to
- channel segregation at step 116.

25 During channel segregation, step 116, channels in the network are

- organized into interference bands (as discussed in the above Interference
Band section) from a lowest interference band represented as I' to a highest
allowable interference band represented as I"*'. Process 100 is directed to

preassignment, stcp 118, where each call request i1s preassigned to an

30 | unblocked channel ha\(ing as high an interference level as possible. Next, the -

-15-
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process 100 proceeds to a CQM step 120, that computes channel quality
based on, for example, C/l ratios for analog systems or BER measuremaeants
for digital systems. Process 100 is then directed to step 122 wherein
channels are segregated dr classified into categories of channel quality based

3 -on the CQM measurements (as depicted in Table 2 and discussed in the
above Channel Quality Categories section).

Next, process 100 is directed to step 124, wherein the channel
reassignment algorithm determines if the preassigned channel lies within the
10 channel quality category band Q'. If so, the process 100 proceeds to a hand-
off test at step 126, to see if a hand-off to another base station, another base
station controller, or another serving system is possible. If sa, the process' -

100 proceeds to a hand-off service at step 128, where service is handed-off
(passed) according to well established methods known to those of ordinary

skill.

I

If hand-off pannot bg accomplished, then proceés 100 is directed to.a
drop step 130, where the service is discontinued. ‘If the quality of the
channel is not of an unacceptable quality, then process flow is directed to

20 - step 132 where it is determined if the channel quality is better. If, itis
determined at step 132 that the channel quality is within a high channel

quality category band, service is continued, step 134, to a call on progress,
step 142.

25 ' " If, it is determined at step 132 that channel quality is not within the high
quality band, the process 100 is directed to step 136, where it is determined if
the interference level of the preassigned channel is within the best

interference band available. If so, then process 100 is directed to step 139, *
where the call is continued to a call on progres's 142. In essence, gtep 138 .

16-
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allows service that has been assigned to a less than desirable categoi'y of

channel quality to continue when channel quality is acceptable and the

- amount of interference cannot be improved. If, however, it is determined at
step 136 that the preassigned channel, is not within the best available

Interference band, then process 100 is directed to the algorithm
implemeritation, step 140. |

TABLE 3
Band/ ‘
| || T [T T T
Q™ |Blocked | Continue | Continue || Continue | Continue | Gonfinue | Continue
Q" IBlocked [R>T JR>T1™ | 1R>P [R>F [R>1 | Contnue
Q™  |Blocked [R->I" JR->™ [.JR>F
Q™ _|Blocked |R>1" JR->T" | TR>F |R=>I _ |R->F | Continue |
o JBlocked | ] 17 I D P
Blocked | R—> R-> | o** R->| R->| R->| Continue
Blocked | R -> R -> | 91 R->{ R->1 R ->| Continue
Blocked | R -> R -> | ¢ R-> R->| R ~>} Continue
R sl i
Q' | Dlochked [Dop  |Drop | | Drop . Drop | Drop - |

Where x=n-m and d(y)=y is y>0, and O otherwise.

Table 3 demonstrates one. exemplary method of achieving algorithm
implementation, step 140, according to one embodiment. Table 3 is divided
along its horizontal axis into 1™ interference bands (the group of channels in a
band is called a "set"), and along its vertical axis into Q™" categones of
channel quality, correspovnd‘ing to the bands of Table 1 and Tﬁéble 2. The
interference band designations and categon"e's of channel quality |
classitications are the same as discussed above, i.e., |' represents the lowest

interference band and I"™' represents the highest interference band, while Q'
represents a lowest CQM and Q™" represents a highest CQM. The formuilas
in‘the blocks in Table 3 can be used to implement the algorithm

-17 -
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implementation, step 140.

As illustrated in Table 3, if a call lies in the CQM cétegory band Q™.
the algorithm directs reassignment of the service to 'an Interterence band

which is adjacent the current interference band. Likewise, if the preassigned

|

transmission channel lies in the CQM category band Q™2, the algorithm
- directs reassignment of the service to a second channel that is several bands
better than the current channel. Thus, the interference band to which the

service Is reassigned can vary based on the current uplink interference and
10 channel quality of the praassigned channel. |

Generally, as the CQAM category of the preassigned channel is lower
(indicating lower quality channels), larger "jumps” to bands of less
interference are made as indicated by the formulas in the blocks along the
5 row corresponding to Q2. The transmission channel to which service is
reassigned from the set of channels having interference level [(n-m)+(j~2)-
p]+1, has an interference band represented as "™ 02" "where the
preassigned channel s characterized as having a cha,nnequuality band Q' and
an interference band 1 in a system having a plurality of n+1 inteﬁerence
20 bands whereby the I interference band is also known as the |™? itllerfeferlce
band (k=n-p), and n>m. Thus, the algorithm impiementation, step 140,
reassigns-a channel variably, but predictably, based upon the channel quality
-category of the preassigned channel, and the channel’s interference band.

r

25 Turning now to Figure 4, a wireless communications network 200

adapted to implement variable reassignment according to the invention is
- shown. The network 200 includes the MS 12 in communication with other
network elements including the BTS 26, the BSC 42, the MSC 30 as well as

the fixed network 32. The BSS 14 now includes BSC 42 with an integrated
-18-
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variable reassignment algorithm 210. It should be understood that the

variable for the reassignment algorithm 210 can be adapted and configured
within other network elements of the BSS 14 according to various
embodiments of the invention. For example, the variable assignment |

algorithm 210 ’can be implemented within another control element of the BSS
14 or at the BTS 26 to provide similar operation according to the invention.

i

Other variations and adaptations of the variable reassignment aligonthm 210
will become apparent to those of ordinary skKill in the art.

10 The particular implementation of tha variable reassignment algorithm

210 depends on the network vendor and system operator. For example, the
variable reassignment aigorithm 210 can be Implemented as a software

application that controls a hardware platform to assign transmission channels
 to service according to the invention. The variable reassignment algorithm
15 210 works in connection with a device or system capable of monitoring
" channel quality and interference levels across all transmission channels of
the network 200. In addition, the variable reaséignment algorithh 210 can
include a data base or other similar structure or configuration that is capabie
of storing categories of channel quality and interterence bands for all
20 ~ transmission channels in the network 200. This aspect of the variable
reassignment algorithm 210 can be embodied in a discrimination function

adapted to determine the interference and channel quality of transmission
channels in the network 200.

b

The variable reassignment algorithm also includes a preassignment‘ |
function adapted to preassign a first transmission channel to an incoming
request for service to the network 200. The preassignment function can be
configured to assign the first available transmission channel to the service
that is less than a predetermined blocking threshold of interference. Other
30 channel characteristics may be used by the preassignment function in

_19_
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selecting a first channel to preassign.

Next, the variable reassignr_nent algorithm 210 is conﬂgured to assign a
second ch_annel to the service when monitored levels of channel quality '

become unsatisfactory for the network 200. In essehce, selection of a

i

second channel is based on the intérfefehce bands and categories of channel
quality outlined in Table 3 above. Other aspects of the vanable reassignment
algorithm 210 include the ability to perform hand-offs, disconnects, and\ call-
on progress.

While the invention has been described with reference to illustrative
embodiments, this description is not intended to be construed in a limiting
‘sense. Various moedifications in combinations of the illustrative embod iments,
~ as well as other embodiments of the invention, will be apparent to persons
15 | skilled in the art upon reference to the description. | | |

-20 -~
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What is claimed is:

1 1. A method for preassigning and reassigning a transmission channel
2 based on channel characteristics to a service in a wireless communicatiohs
3 network (200) having a plurality of channels for assignment to service
4 comprising the steps of:-
5 classifying all channels in the network (200) into bands of interference
6 according to measured interference levels: |
7 classifying all channels in the network into categories of channel
8 quality according to measured levels of channel quality;
-9 storing the bands of interference and categories of channel guality into
10 a configuration defining a rule table:
11 ~preassigning a first channel to the service by selecting the first
12 available channel with the highest interference level less than the
13 predetermined blocking threshold: |
14 monitoring channel quality and interference level of the first channel;
15 and | |
16 reassigning the service to a second channel based on the interference
17 level and channel quality of the first channel using variable reassignment,
18 said second channel located a vanable distance from said first channel.
1 5.  The method of Claim 4 wherein the step of reassigning the service to 3
2 second channel is performed using said rule table.
1 8. The method of Claim 1 wherein the step of reaséigning the service to a
2 second channel is performed so that the lower the quality measurement of
3 the first channel the lower the interference level of the second channel.

iy L g
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1 7.-  The method of Claim 1 further comprising the steps of:

v

y segregating channels in the network (200) into some nhumber,

3 represented as n+1, of interference bands, in order from a best interference

4 band, represented as I', fo a worst interference band, represented as 1™,

5 based on measured mterference levels for channels in the network; and

6 segregating channels in the network into some number, represented

7 as m+1, of categories of channel quality in order from a lowest quality

8 category, represented as Q’, to a highest quality category, represented as

0 Q™. f '

1 8.  The method of Claim 1 wherein the step of reassigning the service is
2 performed so that service is handed-off if the channel quality measurement of

3 the first channel is in a category of channel quality represented as Q.

1 9. The method of Claim 1 wherein the step of reassigning the service is

2 performed so that service is dropped if the channel quality of the first channel

3 is in a category of channel quality represented as Q™.

1 10. The method of Claim 7 wherein the step of reassigning the service is

2 performed so that the second channel is within interference band |'.

1 11.  The method of Claim 1 wherein the step of reassigning the service is

2 performed so that for a first channel having a channel quality category Q' and

3 an interference band I*, where j+k=n+2 and n>m, the second channel is within

4 interterence band I'™™'. |
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1 12. The method of Claim 1, wherein the step of reassigning the service is

2 parformed so that for a first channel having a channel quality category Q and

3 an interference band |"® and n>m, the second channel is within interference

4 band j{(n-m)eG-2)ropr T

1 13. The method of Claim 1 wherein the step of monitoring channel qu‘aliiy‘

2 is performed so the Bit Error Rate (BER) of the first channel Is determined.

1 14. The method of Claim 1 wherein the step of monitoring channel quality

2 is performed so that the carrier-to-interference (C/l) ratio of the first channel is

3 determined.
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1 16. A method of assigning a channel to service in a wireless
2 communications network (200) where an incoming roquost for service can be
3 assigned to any one of a plurality of transmission channels, the interference
4  levels of said plurality of transmission channeis being less than a |
. predetermined interference threshold comprising the steps of:
6 determining the interference of all of said plurality of transmission
i channels in the network (200);
8 measuring the channel quaiity of all of said plurality of transmission
9 channels in the network (200);
10 segregating the plurality of transmission channels into interference
11 bands according to interference levels;
12 segregating the plurality of transmission channels into categories of
13 channel quality according to levels of channel quality;
14 preassigning a first channel to an incoming request for service;
15 measuring the channel quality'of the first channel; and
16 reassigning the service from the first channel to a second channel
17 when the channel guality of the first channel falls below acceptable levels for
- 18 - the network (200), the interference band of the second channel selected
19 using variable reassignment, wherein the interference band of the second
20 - channel is a variable distance from the interference band of the preassigned
21 first channel. '
1 17. The method of Claim 16 further comprising the step of storing the
2 interference bands and categories of channel quality into a conﬁgufation
3 defining a rule table.
1 18. The method of Claim 17 wherein said rule table is used in performing
2 the step of,reassign;:ng the service frdm the first channel to a second chann.el,
-24-
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3 19. The method of claim 16 further comprising the step of dropping the
4 service when the category of channel quality of the first channel falls within
5 Q. N '
1 20. The method of claim 16 further comprising the step of handing off the
2 . service when the Category of channel quality of the firat channal falls within
3 Q'. '
1 21. A device containing an algorithm (210) for preassigning and then
2 reassigning service variably to transmission channels in a wireless
3 communications network (2UU) having a plurality of transmission channels
4 based on channel characteristics, said algorithm comprising:
5 a discrimination function adapted to determine interference levels and
6 channel quality of transmission channels In the network (200);
7 a segregation function for classifying said plurality of transmission
8 channels according to channel quality;
9 a preassignment function adapted to preassign a first transmission
10 channel with an interference level less than a predetermined blocking
11 threshold of interference to the service:
12 a monitoring function adapited to oohtinually monitor the channel
13 quality of the preassigned transmission channe!; and
14 a variable reassignment function adapted to reassign a second
15 transmission channel to the sarvice, said srcond channel selected based on
16 the interference level and channel quality of the first transmission channel
17 using variable reassignment,
1 22. The device of Claim 21 wherein said algorithm (210) resides in a base
2 station controlier (42) of said wireless communications network (200).

adRa
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1 " 24.  The device of Claim 21 wherein said algorithm (210) further comprises
z' a segregation function configured to classify said plurality of transmission
3 channels according to interference bands and categornes of channel quality.
1 " 28 The device of Claim 24 wherein said segregation function is further
2 adapted to create a rule table containing a configuration of said categories of
3 channel quality and interference bands, said rule table used by the vanable
4 reassignment when reassigning a service to a sacond transmission channel.
1 29. The device aécording_‘to Claim 28 wherein the interference band for
2 the sccond channol ie a variable distance from the interf'erence band of the-
3 - preassigned first channel for variable reassignment.
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