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(54) Title: METHOD AND APPARATUS FOR ADAPTIVE CHANNEL ALLOCATION WITH POWER CONTROL IN A MOBILE
COMMUNICATIONS SYSTEM

(57) Abstract

In a cellular communication system, a method and apparatus are provided for allocating a channel for use on a connection between
a base station and a mobile station in a cell, without making measurements of downlink interference. Throughout the system, uplink and
downlink power levels are regulated so that, within each cell, their sum changes by an amount whose magnitude is substantially equal
to the magnitude of change in path gain between the mobile station and the base station in that cell, and which sum is opposite in sign
to the amount of change in path gain, This power regulation scheme assures that there will be a strong comrelation between system-wide
measurements of uplink and downlink interferen ce. Therefore, with the power regulation scheme in place, each cell determines uplink
carrier to interference (C/I) ratios for the free channels available for use in the cell and selects an acceptable free channel having a C/1
value that is within a predetermined acceptable range. If uplink C/1 on the acceptable free channel is greater than the uplink C/1 value
of a channel currently sssigned to a connection, then an intra-cell handover is performed so that the connection will be reassigned to the
acceptable free channel. Thxnecbniqueisusefulforpwowdinganadapﬂvechannelaﬂocauonschmetosysmm.suchasanalogcellular
communications systems, in which downlink intesference measurements cannot be made.-




that, the one channel is allocated to cells that are geographical ly

|l ocated-far enough apart (referred to as 35 ___the "reuse distance") so as

not to severely interfere ~ with one another. The appropriate distance
for -limting WD 96/29837 . ,

PCT7SE96/00349 _ .

i nt er f er ence¥ P8, epend upon factors that affect the PCT/SEXSI4? ¢ o
interference ratio (C/ 1) on that particul ar channel in each cell.
A nunber of techniques have been devised for 5 sel ecting- and assigni ng
traftfic channels in a way that reduces the likelihood of co-channel
interference in a cel lul ar communi cation systemusing a fixed
channel reuse plan, that is, a plan that does not change over

time. The publication V.H MacDonal d, "Advancerl Mobile 10  Phone
Service: The Cellular Concept", Bell System Technol ogy Jour nal ,

pp. 15-41, Januar wnmmmmm FOR ADAPTIVEGHANMELOALLOCATION WITH POWER EONEROL

channel reuse pl ady AMEBHESCAMMUNEGATIONS SYSTEMssunpti ons about propagati on
conditions in order to 15 guarantee minimum C | in the system

However, such pl ans are very diffi t edi ous to make, and

t hese d?fficulties I ncrease as théﬁ%éFF§B§Bcone smal | er.
Furthernore, the nunber e @uesenthinvensipantelates tmellular tglephone| |
may increase or decépsténs)) dnd mdRe BaEtisflarlylto tie %Mﬁ t‘ivel vi ng

toel o ballular sySterdiah oF ' chdfneys, ko, &Y Fs ot halos SALIEIAE  ans may
suffer a telephone systems as well as in digital systems having
10 limited downlink interference measurement resources.

In cellular telephone communications systems
(henceforth referred to as "cellular systems", or simply
“systems"), it is important to maximize traffic-handling
capacity, because the demand for such capacity continues

15 to increase. One factor that affects capacity is the
way the totality of available communication channels are
allocated for use by particular cells within the system.
The use of the same channel by two or more cells that
are in relatively close proximity to one another can

20 cause each cell to experience too much co-channel
interference, and should therefore be avoided.

One solution for avoiding_co—channeluinterference
is to have each cell operate on a dedicated group of
channels that are not used by any other cell in the

25 system. Although this strategy successfully avoids the
occurrence of co-channel interference, it limits the
systen’s traffic-handling capacity to the number of
channels that the system is permitted to use.

In order to increase the system’s traffic-handling

30 capacity, it is possible to devise a reuse plan whereby
any one channel may be concurrently used by two or more
cells. Co-channel interference is limited by ensuring |
that the one channel is allocated to cells that are
geographically located far enough apért (referred to as

35 the "reuse distance") so as not to severely interfere
with one another. The appropriate distance for limiting



degLadation in traffic-handling capacity over tine. . To avoi d
such degradation, an_adaptive channel 25 all ocation (ACA) plan is
preferable to a fixed channel reuse plan. In an ACA plan, as the
nanmg i nplies, the utilization of radio resources in the system
adapts over time in order to accommpdate changes in_the current
traffic and WPEHE¥ATi on situation. The adaptation is 30 P@%@"g{?‘?he
basis of system neasurenents that are at | east periodically made.
The goal, in such a schene, is to allocate channels so that al

| i nks have satisfactory quality. A common feature of ACA systens is
t hat: t hey all ocate a channel out of a set of channels which 35
fulfills some predeterm ned quality criteria. However, WO

96/ 29837 £CT/ SE96/ 00349

3 di fferent ACA schenes utilize different criteria for

sel ecting channel s fimerifereneé. will depend upon flactors thatcayfifedtdehleyi Nng

ACA systens is well - no RTeL N is ' I re.
For y5 exanpl e, ﬁarééfﬁsggn%%%mty P%\S'lr"ggé%ﬂ rﬁ/%p#a\#éﬂchﬁ%ra
Channel Allocation" chappelaippedrch®®ldorm. conf., pp. 1355- 1359, NOV.

28-Dec. 1, 1988, illustrat atmbée of techrigmeist Kagai néemmadectdﬂ th a
cellular radio st e f n urce
Chared 10 by o1 BRdecting 8RA adylofing Kazald Enandble AR A

the nobile neasur es Raducesghhe HikeliRoed of,conshannek interferancecimgel s
are assigned on the dellulaef comhenicatgidhaysten ushagne! £isdd chamnelghest

carrier to i nterfer%(heéer QELR, that is, a plan that does not change over
time. The publication V.H. MacDonald, *"Advanced Mobile
10 Phone Service: The Cellular Concept", ste
Technoloqgy Journal, pp. 15-41, January 1979, describes
such a plan.
Fixed channel reuse plans are based upon
assumptions about propagation conditions in order to
15 guarantee minimum C/I in the system. However, such
plans are very difficult and tedious to make, and these
difficulties increase as the cells become smaller.
Furthermore, the number of calls that are handled by any
given cell may increase or decrease over time. Because
20' of such evolving traffic patterns, not to mention the
evolution of the system itself, cellular systems that
utilize fixed channel reuse plans may suffer a
degradation in traffic-handling capacity over time.
To avoid such degradation, an adaptive channel
25 allocation (ACA) plan is preferable to a fixed channel
reuse plan. In an ACA plan, as the name implies, the
utilization of radio resources in the system adapts over
time in order to accommodate changes in the current
traffic and propagation situation. The adaptation is
30 made on the basis of system measurements that are at
least pefipdically made. The goal, in such a scheme, is
to allocate channels so that all links have satisfactory
quality. A common feature of ACA systems is that they
allocate a channel out of a set of channels which
35 fulfills some predeterﬁined quality criteria. However,



(CLI level). 15 A different approach is described by G Riva,

" al ysi s of.an | nproved-Puram-c~Lhannel.. All ocation
Schenme for Cellular Mbile Radio Systens", 42nd | EEE Veh. Tech.

Conf., pp. 794-797, Denver, 1992, where the channel is selected based
on achievipg a. 20 quallty close to or slightly better t red C |
t hr eshol d. %%‘6’ 9B Fur uya et al., "Channel Segregat Ion, W

Di stributed Adaptive Channel Al l ocat i on Schene for Mobile

Conmuni cati ons Systens”, Second Nordic Sem nar on Digital Land Mbile

Radi o Communi cation, pp. 25 311- 315, Stockholm October 14-16, 1986,
descri bes an

ACA system wherein the recent history of link quality is
considered as a factor in allocation decisions. In addi ti on, several

hybri d systens have been presented whare ACA is applied to a smal

bl ock of frequencies on 30 top of a fixed channel allocation schene.
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genera\{r concdptp %nder?ylng,m%?ﬂjnﬁlé well-
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1355-1359, Nov. 28~Dec. 1, 1988, illustrates the
capacity gains associated with a cellular radio system
where all of the channels are a common resource shared
by all base stations. In the above-referenced report,
the mobile measures the signal quality of the éownlink,
and channels are assigned on the basis of selecting the
channel with the highest carrier to interference ratio
(C/I level).

A different approach is described by G. Riva,
*pPerformance Analysis of an Improved Dynamic Channel -
Allocation Scheme for Cellular Mobile Radio Systems",
42nd JIEEE Veh. Tech. Conf., pp. 794-797, Denver, 1992,
where the channel is selected based on achieving a
gquality close to or slightly better than a required C/X
threshold. Also, Y. Furuya et al., "Channel
Segregation, A Distributed Adaptive Channel Allocation
Scheme for Mobile Communications Systems", Second Nordic
Seminar on Digital Land Mobjle Radio Communication. pp.
311~315, Stockholm, October 14-16, 1986, describes an
ACA system wherein the recent history of link quality is
considered as a factor in allocation decisions. 1In
addition, several hybrid systems have been presented

.where ACA is applied to a small block of frequencies on

top of a fixed channel allocation scheme. Such an
example is presented in K. Sallberg et al., "Hybriad
Channel Assignment and Reuse Partitioning in a Cellular

Mobile Telephone System™, Proc. IEEE VIC ‘87, pp. 405-
411, 1987.

Foxr channel



stations are added, or when the environment changes, for exanpl e by

t he construction or denolition of Iang bui |l dings. It is
preferable to inplement ACA schemes in two 10 parts: a "slow' part, and a
"fast" part. The "slow part determnes, for. each cell, a set of
channel s to be used based on interference and traffic fluctuations

t hat ocWOr6/2983? a relatively long period of time (e.g.? 9

busy hours, which could take several weeks to occur). 15 This elimnates
t he frequency pl anni ng problem and- -may al so adapt to average traffic
| oads in the system The "fast" part is concerned with sel ecting at
any .gi ven nonent, fromthe slowy determ ned set of channels, the
"best" channel for each connection, based on short term 20 interference
measurenents. | nplenentation of both the 4 "slow' and the "fast" parts
of an ACA schene may be distributed in the system so that each base
station det er m napatrtsfpon t inoredsdshdnf sygtencgapaaityys adapltive

channel assi gnmentg, pﬁaidaffi\geﬂrhoéwﬁ@g @3 Hebll' For ystdi C¢! |

One reason for Sp||t .e., "fast"

and "slow') is be@éﬂ§§18€‘thgliﬁkﬁQﬂ is “SQE&FOPFEFEHm%%HEW sygteny, o
mechani cal | y tuneitsblf. Thistetestwfe a:imIHCNrﬁbOpartﬁ.OuIbBIy erttiraettivecy

e peror o viven “Rop, Ry aReR; CRRRIGS gl taiiUlenB undR AP ReNT

base station i s eqFations\are added, or jwheredheyspwirgnment chandes.sIgkd is -

therefore not exa@iplabby ehe Usongraldt i viedenslitionne trge By 35
di vidi ng the ACA i&ﬂﬁﬁg |gto "slow' and "fast" parts, a WO '

96/ 29837 PCT/ SE96/ 00349
It is preferable to implement ACA schemes in two

10 parts: a "slow" part, and a "fast" part. The "“slow"
part détermines, for each cell, a set of channels to be
used based on interference and traffic fluctuations that
occur over a relatively long period of time (e.g., 20-30
busy hours, which could take several weeks to occur).

15 This eliminates the frequency planning problem, and may
also adapt to average traffic loads in the system. The
“fast" part is concerned with selecting at any given
moment, from the slowly determined set of channels, the
"hbest" channel for each connection, based on short term

20 interference measurements. Implementation of both the
nslow” and the "fast" parts of an ACA scheme may be
distributed in the system, so that each base station
determines its portion of the frequency plan as well as
channel assignments based on local observations within

25 the cell. :

One reason for splitting an ACA scheme into two
parts (i.e., "fast" and "slow") is because of the use of
auto-tuned combiners that are mechanically tuned, by
means of small motors, to desired frequency ranges.

30 Tuning is an automatic, but slow, operation that cannot
be performed when a call arrives at the cell.

Furthermore, each base station is equipped with a
limited number of transceivers and is therefore not
capable of using all channels simultaneously. By

35 dividing the ACA scheme into "slow" and "fast" parts, a



5 .: strategy can be devel oped mhereln t he conbiners are tuned to
a seL—eL—LLequenC|es that are obtained fram.the "sl ow __ACA schene,

and then the "fast" part of the ACA scheme nakes its channel
sel.ection from anong the 5 "slow y" determ ned set of frequencies. The Y.

Furuya publication, cited above, describes as
ACA schene V\/m cﬁ%(%n be categorized as "slow' and g’gﬁkigwgl@hose

terms are defined here. Having a slowy changlng frequency pl an
provides an 10 additional advantage in that it is easier to observe the
interference in the system This is inportant when considering the
limted nmeasurenent resources in any given system For
prior art ACA plans to work properly, it is essential that both
downlink (i.e. frombase station to nﬁ%lle station) and uplink (i.e.,

fr?m ][mbi l'e st atiﬂﬂi:iéh can Wd%e"’v%%bﬁgwmﬂ intc%ms&nebanaeé :

i nterference evel s or accuy.at e

i nterference | eveP"RRRstR rpsi"%hgﬁ'?guﬁ@c?ﬁﬁ V%F ﬁqe % 'ha‘ﬂﬁ‘é'f‘s he
~Consi dering only tslpw'alAGk|scheme,spandchben othe Hifast" papbnefit the@CAchenes
are 1 easi bl o beCausfuhd el 1% Bhanne1 séSSAUGE Tl oBHENGOLN upl i Nk

and downl i nk nmeasur enent s. nk neasurenents nay de by 25

equi prent in Bhe 5%%%V¥Xeﬂ4§ﬁ93mﬁﬂﬁﬁnPP kofeEXeANARS s - e KayFBE““%de by
a mobile station, ewhah pulskicatiion,scited abOVe;nnzsuni&esahspecbacbftmnthe

base Station. HOWEETschine ynicH Bab bb cg»c;%wgd ' oRaah gRgSUr eTent s

on all exanp , digt systens suc
AVPS, the nobile BE_SEY ecP%e'ﬁﬂﬂﬁPerteFHﬁd-Efef%%f neqd, here. used to
eval uate the downlink wasing kasieowlyyehanging frequerafyf iplahr proeddessan hat

are curtent | Yoot ahdeiéndf ddfantage 1A°EHAESIESId eoliles. VB LhiERO" EHEN

resource i s ve ecalse each can on
neasure a 35 fEﬂF??@EﬁEﬂRﬂ thﬁssxstegu|tTh*§ %%;ﬁﬂﬂ?rﬁ6§§|ﬁhﬁnto get

considering the limited measurement resources in any
given system.

For prior art ACA plans to work properly, it is

15 essential that both downlink (i.e. from base station to
mobile station) and uplink (i.e., from mobile station to
base station) measurements of channel interference
levels be made. For ACA to work at its best, accurate
interference level measurements should be made on all

20 channels.

Considering only digital cellular systems for the
moment, ACA schemes are feasible because there are some
resources for making both uplink and downlink
measurements. Uplink measurements may be made by

25 equipment in the base station. Downlink measurements
may be made by a mobile étation, which then reports its
measured values back to the base station. However, it
is still difficult to obtain measurements on all
channels. For example, in digital systems such as D-

30 AMPS, the mobile assisted handover (MAHO) facility is
used to evaluate the downlink disturbance levels on
traffic frequencies that are currently not in use in the
serving cell. This MAHO measurement resource is very
limited, however, because each mobile can only measure a

35 few frequencies. As a result, it is not possible to get
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6 i nformati on about—downlink interference_on all frequencies in
a cell within a short tinme frame, so the channel allocation has to be
based, at least in part, on old information. 5 Consi dering now
t he task of derbgyg an ACA schene for use in anal og Séstens such as
AMPS and TA one i s faced with a difficult probl em b&@CHFEWAIME| og
syst ens typically do not have any provisions for making downlink
measurenents; the inability of nobile termnals to 10 provi de any

i nformati on about the received downlink signal means that such systens
are confined to nmeasuring channel interference in the uplink direction
only. As a result, channel aIIocatlon for anal og systens has been
manual |y planned in the prior art. 6Because of the above-descri bed

benefits of Wt | ng A e Iu system
resources, it is (ﬁﬁg Fg PCPB$§€ é?ﬁh hh#%%gg#ﬁgfg Aégl al | ow such
schemes to be applfinequenciesl iy acteld a\rithin as?b?ﬁ#stmevﬁram‘as sion thiegi t al

cel lular systens Ruinie12811c¥8¢€¥on ildd &b W\bhisalY, Iateié@é@rﬁemuwrent
I esour ces. SUMVARY

t herefore an obj ecﬁldof"nfﬁgmﬁﬁg'éht i nventi on to pI’OVI de a rret hod and
appar at us for &adapt i velcpnsidering caew ithe dasknofsdevising am ACK sichemer

communi cation fo’ié/%ts@rrﬁn"\&hb é)}&éiféed sheh HBkhﬁﬂs ”@@&%}ﬁﬁ?m&x&fis
downl i nk |nterfere QFH CcO BI one anect of t he
present |nv withoa;gif fﬁﬁi? H}FHe °Gaf'et: Inared

typically do not have any provisions for making downlink
measurements; the inability of mobile terminals to

10 provide any information about the received downlink
signal means that such systems are confined to measuring
channel interference in the uplink direction only. As a
result, channel allocation for analog systems has been
manually planned in the prior art.

15 Because of the above-described benefits of
utilizing ACA schemes for allocating cellular system
resources, it is desirable to provide a technique that
will allow such schemes to be applied in analog cellular
systems as well as in digital cellular systems having

20 very limited downlink interference measurement
resources.

SUMMARY

25 It is therefore an object of the present invention
to provide a method and apparatus for adaptively
allocating channels for use in a cellular communication
system, without the need for making measurements of
downlink interference.

30 In accordance with one aspect of the present
invention, the foregoing and other objects are achieved
in a cellular communication system comprising first and
second cells, wherein the first cell comprises a first
base station and a first mobile station, and the second

3s cell comprises a second base station and a second mobile



in:a cellular comuni cation system conprising first and second cells,

wherein the first cell conprises_ afirst hase station-and a first
nobi | e station, and the second 35 cell conprises a second base station
and a second nobile 7 WO 96/ 29837

PCT/ SE96/ 00349 ’ 7 pcrsEssiib@bi ON.
Furthernor‘e%ﬁ’ﬁ'é’sgécond cell uses any one of a pl urarlc'{ynof %zannel S

on a second connection between the second base station and a second
mobi |l e station. A met hod and apparatus for allocating one of the
plurality 5 of channels for use on a first connection between the
first base station and the first nobile station is provi ded, which
met hod conprises, in the second cell, adj usting total power of the
‘used one of the channels by an anount 4err] wherein: [err] is equal
to a sumof a change 10 In transm ssion power of the second nobile
station plus stat Do g Furthermore), Sthensemmt all ksescangdohasef a
station on the Usgflaifief ddenalialis! 8n b°idodlf bhnection BERLEUHCLAOA!
I's substantially ®qua a magnitude Q a change 1n path gain

bet ween the seconBefemnd kasg station;gnd a.gecond MRide pra&iopatiAn; and
[err] has a sign héthod sand appadiatasi foraatioratiing lonecbdnghel plpgabityi n

bet th [ ti [
The power 1l at PhrHudnail gk, Ml o8 a PErC ol SPRSCRRER e,

be a strong correfixsbrbans itation andsibe Fixgtiamqhiilenetakdonodsl i nk C/ |
val ues. Theref orprovided, twifichnn@thiode conpt bses)dnmane delcohtiheertpnpri se,

in the I TSLag8it ind' Y10 Poiel B2 RESuda Wild HE tRLSLh&RRBLE by
an amount AP,, wherein: AP, is equal to a sum of a change
10 in transmission power of the second mobile station plus
a change in transmission power of the second base
station on the used one of the channels; AP, has a
magnitude that is substantially equal to a magnitude of
a change in path gain between the second mobile station
15 and the second base station; and AP, has a sign that is
opposite a sign of the change in path gain between the
second mobile station and. the second base station.

'The power regulation aspect of the invention
assures that there will be a strong correlation between

20 system-wide uplink and downlink C/I values. Therefore,
the inventive system and method further comprise, in the
first cell, using determinations of uplink interference
values to select an acceptable free channel from those
ones of the plurality of channels that are unused in the

25 first cell. The acceptable free channel is then
allocated to the first connection.

The invention has been described above with respect
to just two cells, and two connections. In a preferred
embodiment of the invention, the system may of course

30 include many more cells, each one of which regulates
transmission power on all of the used connections in a
similar manner to that described above with respect to
the second cell. Accordingly, each of the cells would
make channel allocation decisions in the manner

35 described above with respect to the first cell.



val ues to sel ect an acceptable free channel fromthose ones of the
plu*allty of channels_that are unused in the 25. first cell. The
acceptabl e free channel .is then allocated to the first connection.

The -<i nventi on has been descri bed above with respect to just two
cells, and two connections. In a preferred embodi nent _of #Bﬁ
invention, t WO %ML m may of course 30 I ncl ude many mor ePEEFRR0040 . h one
of which regul ates transm ssion power on all of the used connections
in a simlar manner to that described above with respect to t he
second cell. Accordingly, each of the cells would make channel

all qcation decisions in the manner 35 described above with respect to the
first cell. WO 96/ 29837 )

PCT/f SE96/ 00349 8 In
a preferred enbodi nent of t he i nvention, adjusting total power in
the second cell, for ex e p. Jlating
power, Pl[err], in the iKpL prefer%Fd éﬁqufﬁ?atlgﬁ éﬂg f?fgﬂﬁfa%w] [err]
D [err] [err] [er@aiusting totahdpewer cin [thes sﬁﬁenﬁa?ﬁlbelﬁf-"b@cwetv he
second nobile comaheentnedstéps sef arefulatdngt pbweﬁ, Baf iertne and

[err] are const t : int ond
base stati ol S Ferr g‘%e&r]&rj]&%\@[eiﬂ ]=I %rerr = [*d taﬁi
a[err] and [err§ where Gheiéoﬂbeanﬁth gankn (et Hﬁ#bl§h9e¥¢Q9nﬂrn?hi

(a)-(b), 10 ens ytladq o ﬁhdatﬁé ”h&éoﬁ& dsed |s't§tﬁ$hr lah@ £0'%%a BO @re
predet er m ned const ant thgﬁ i grefer e%fal to
éc t

accordance with anSOmSE f TEER- o¥8E . Pﬂ' inéf??xﬁﬁ?ﬁﬂ? Pﬁée
channel to the firstation sorthat P, = a, - 8, * g» [dB], where a, and 8,

are constants; and (¢) while performing steps (a)=-(b),

10 ensuring that a sum of #8, plus 8, is equal-to a
predetermined constant that is preferably equal to 1.

In accordance with another aspect of the invention,

allocating the channel to the first cell further
comprises initially allocating a first one of the

15 plurality of channels to the first connection; and, if
the acceptable free channei is not the first one of the
plurality of channels, then performing an intra-cell
handover of the first connection from the first one of
the plurality of channels to the acceptable free

20 channel. This might be performed, for example, if the
first channel has a C/I value that is less than that of
the acceptable free channel. 1In this way, an adaptive
channel allocation scheme based solely upon
determinations of uplink interference values is

25 effected, whereby an acceptable free channel can be
dynamically substituted for a currently used channel
whose performance is inferior to that expected from the
acceptable free channel.

In accordance with yet another aspect of the

30 invention, the step of selecting an acceptable free
channel comprises the steps of determining an acceptable
set of free channels having respective expected uplink
C/I ratios that are within a predetermined range of C/I
values; and selecting, as the acceptable free channel, a

35 - best free channel from the acceptable set of free



conprises initially allocating a first one of the 15 plurality of

charrers—teo—the first—connecti on——andif the acceptable free
channel is not the first one of the plurality of channels, then
performng an intra-cell : handover of the first connection fromthe

first one the plurality of channels to the acce 20
channel . $ﬁ?gs ght be perfornmed, for exanple, 'if the Fgé#%ﬁ??&%ﬁﬁchannel

has a C/1 value that is |less than that of t he acceptable free
channel . In this way, an adaptive channel allocation scheme based
solely upon determ nations of uplink interference values is 25

ef fected, whereby an acceptable free channel can be dynam cal | y
substituted for a currently used channel whose performance is
inferior to that expected fromthe agcept abl e free channel .

In accordance with yet another aspect of the 30 I nvention, the step of
sel ecting. an ac channielle, f wherein the degthdireeochannel hae as thdghest

det erm ning an a%&%%ﬁhec/x ratiéeéoﬂazfdde%ochﬁﬁafl Sxpétd d/% Sg-%&‘:fib!ée
expected uplink Cl.ratios range of

t are within,a predeterm ne
o Val e 8F TeEPSEELLE, pEher Fron rannplania FieAGIenEIBie Set 55
best free channeloff freet cbanvelst atn'mls;estm‘teﬁyepemits sysﬁﬁ 96/ 29837

PCT/ SE96/ 0034 rformance to be improved, even if a selgnnel s,
wherein the best l:a‘eree annel has a Y expect ecf‘(lJy ratio

conpared to otheF*@Pﬁ@&tBﬁsCP¥ acee S uplipk, €L c¥alRy $her free
channel s in the aymamizhallysstbstitutirig ftheretban(Bby Smedrs ofstindiragy

permts system o179 handover) an even better channel.

10 . BRIEF DESCRIPTION OF THE DRAWINGS

The objects and advantages of the invention will be
understood by reading the following detailed description
in conjunction with the drawings in which:

FIG. 1 is a schematic diagram illustrating ten

15 cells in a cellular mobile radio telephone system to

" which the present invention applies;

FIG. 2 is a diagram of first and second cells in an
analog cellular communication system to which the
present invention applies;

20 FIG. 3 is a scatterlplot of uplink and downlink C/I
values on the same connection for each of a number of
connections in a communication system to which the
present invention applies;

FIG. 4 is a scatter plot showing the correlation

25 Dbetween an uplink C/I value on a first connection and a
downlink C/I value on a second connection when power
regulation is applied in accordance with the present
invention;

FIG. 5 is a diagram that illustrates a situation in

30 which failure to use power regulation in accordance with
the present invention results in an absence of
correlation between measurements of uplink and downlink
interference;



5 performance to be inproved, even if a currently used channel has an
acceptabl e uplink C'1 value, by .dynam cally substituting therefor (by

means of intra- cell handover) an even better channel. 10

BRILEF DESCRI PTION OF THE DRAW NGS The obj ects and advant ages
of the invention will be under st ood by reading the followng detailed
description WO 96/29837, conjunction with the drawi ngs in whi c hE CT/SE6/00349

FIG 1 is a schematic diagramillustrating ten 15 cells in a cellular
nobi'l e radi o tel ephone systemto whi ch the present invention applies;
FIG 2 is a diagramof first and second cells in an anal og cel | ul ar
comuni cation systemto which the present invention applies; 20

FIG 3 is a scatter plot of uplink and downlink C/l val ues on the
sane connection for each of a nunber of 10 connections in a

communi cation systemtq mhlch th re nt |nvent|on | es;

FIG 4is a scatter pld= Génoﬁbnﬁctﬂée | ofsan %@E@&F ghamelnk

C'1 value on a firallambiont methaddim accordaimmmnh &/ pregérmredn a second
connection when p%odment 559%@%%&,& We'nﬁgoh“ accordance with the

present I nventi on; laframthat illustrates a
situation in 30 whictFIGi7uis "t‘og’t'ﬁiéh m’-'\ge eafimunlateq effents ofy t
the present ingenttle immntivei teckinidsesaon afystem uptmeiﬁemﬁzﬂimen

gg?;gggge”fs of uplink gyed go¥8! & "Yrapn sndﬂ‘rﬁfp&.ﬁ% cffinlated effect? of
the inventive techniques on system downlink
interference; '
FIG. 9 is a graph showing the simulated effects of
10 the inventive techniques on system interference levels,
when both uplink and downlink interference are
considered; and
FIG. 10 is a histogram showing the obtained power
level distribution for class 3 AMPS (hand-held) mobile
15 stations in another simulation of the present invention.

DETAILED DESCRIPTION )
The various features of the invention will now be
described with respect to the figures, in which like
20 parts are identified with the same refereﬁce characters.
FIG. 1 is a schematic diagram illustrating ten
cells, Cl to C10, in a cellular mobile radio telephone
system 100. Normally the method according to the
present invention would be implemented in a cellular
25 system compris{ng 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 Cl1 to Cl10, there is a respective base
30 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.



10 FI GS. 6A-6C are flow charts of an adaptive channel
alil'ocation nethod in accordance with.a preferred . enbodinent of the —

present invention; FIG 7 is a graph shomnng t he sinul at ed

ef f.ects of 5_the i nventive techni ques on systemuplink interference;
FIG 8 is a graph showing the sinmulated effects of t ' pve

t echni ques ¥R %6928t m downl i nk i nterference; pén@#%?&%bis a
graph showi ng the simulated effects of 10 t he inventive techni ques on
systeminterference |evels, when bot h uplink and downl i nk
interference are consi dered; and FIG 10 is a histogram
showi ng t he obt ai ned power | evel distribution for class 3 AWMPS
(hand-held) nmobile 15 stations in another simulation of the present

i n¥ent i on. DETAI LBER DESCRI PTI ON The
various features of the invention will now be described with respect

to the figures, in whiEDG!ikealst ilmmmusetbdenbbile(ktdtﬁhnshuls&ne .
reference charactg&a w%ﬁ%? are m %ﬁlﬁl“f%hag,?hggTﬁ'*hdn uﬂ%Hé Euiﬁratlng

ten cells e radio te one
syst em 100. Nor rraFPy‘PﬁEh?l%t‘FRJ’dl'ac mefhed prRgording tg dhe,presepk: i on
woul d be i npl emrentiadention sy Wearimfenentedt ém aocsllvlayy mriierradioel | s

than ten. Fo cni ct ed
her ei n Fs coms gigr e‘gﬁﬁﬁ%n&anm | égl at gdagg??foérl‘t%w TRl e
system whi ch has BBcRaFEbERAaK o Fhere are normpllymany mgye @P%P&ec:l 0. there

is a respective batat:.Sﬂs mﬁttl_nﬁ;éhxte) Hase statfond. illustrates base
stations Si t uat eﬂlé&' gﬁ{%ﬁﬁ& ¥-ﬁlofntshe r?z?%%&ﬁ’ﬁeceévkt?ﬁr rs

and havi ng omi -di rectional ennas J"acent
cel I's may however cBBteECHIR) i n Thr makile syitching gentay s ceanecked have
directional amtengasall 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

15 the fixed network are not illustrated. Further, other
media may be used instead of cables for base to mobile
switching center communications, such as fixed radio
links.

The cellular system 100 includes a plurality of

20 radio channels for communication. The system is
designed both for analog information and for pure
digital information. Examples of analog information
include speech and digitized analog information (e.g.,
digitized speech). In the context of the present

25 invention, the term connection is used for a
communication channel between a mobile station and
another mobile station in the same system or another
systemn, betweeh two fixed telephones or terminals in a
fixed network connected through the cellular system 100,

30 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 100 is assigned a particular
as frequency band over which it can operate. A set of

l"
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FIG 1 also illustrates_ten nobile stations ML _to MLO which are
novable within a cell and from one cell to anot her cell. The nethod
-according to the present . invention may be inplenmented in a cellular
nobile radio 5 system conprising many nore nobile stations_than ten.

I n particul 09 Te are normally many nore nobile stEIRY0034%,
there are base stations. Also illustrated in FIG 1 is a nobile
swi t chi ng center (MSC). The nobile switching center is connected 10
toall ten illustrated base stations by cables. The nmobi l e swi tching
center is also connected by cables to a fi xed public swtching

t el ephone network PSTN or simlar fixed network with 1SDN facilities.
Al l* cables fromthe nobil e switching cemter to base stations and
cables to 15 the fixed network are not illustrated. Further, other

medi a may be used comtweidatfionathasnéls imswllacated to each celdit ciRaxy

center comuni cati (@ L X r 2k i :

cellular system 10% | cﬁd?gageérufg?i%qag?hi?g dirﬁat&?gngh‘é%ln"e sc,ag‘}mis
comuni cation. THERY R Fopgro °haﬁﬁg¥g‘f’@ﬂ At legatedaF 8 AR BRI i on
and for pure ceélllyi t ne crdtenionnfoallpaatioky whahngls nfroresth on

| ncl ude speechsandegifidd 450 39848Mnbo" 8 BhddUkive Go~chapney d1 0 t1zed
speech). In the coptext of the present 5 I nventi on, tﬂe term connecti on
I's used for a n I on channel between a nobile station and

anot her nobil e station As) deseribed ipsthen BACKGROUND sectionsySithis bet ween

two fixed tel ephon&fsﬁoélﬁgp.lggl isiggeéig?blbe t% wlri%teb\’\?ﬁghggw for

t hrough the cellular system . etween a no {
fixed tel ephone. Qynamicaldy,detersining hew rFhannelgdncthaosyesn &ild k to
each 10 be allocated to one or more of the cells. However, in

the past such schemes have needed to rely on
measurements of both uplink and downlink interference,
which is problematic in systems that provide only for
uplink measurements, such as analeog cellular

15 communications systems or digital cellular

" communications systems having a limited amount of
measurement resources.
To overcome this obstacle, the present invention

adopts a strategy in which transmission power is

20 controlled in a manner, to be described below, that
causes a strong correlation to exist between uplink and
downlink interference values. Once it is known that
such a correlation exists, an ACA scheme may then be
applied, with allocation decisions being made solely on

25 uplink measurements. As a result, the ACA scheme may be
applied to systems, such as analog systems, in which
downlink measurements cannot be made.

The power control strategy will now be described in

detail, with reference to FIG. 2, which illustrates

30 first and second cells 201, 203 in an analog cellular
communication system 200. In general, a snapshot of the
traffic and propagation situation in a cellular system
is tully'described by the gain matrix defined as

35 . G = (g, | (1)



ot her, but may al so be a data communi cati on channel where conputers

exchange data .—. Each cellular system 100 js assLgned_a_paLLLcuLaL____

35 frequency band over which it can operate. A set of
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12 conmuni cation channels is allocated to each cel

exanpl e, b¥O¥@M3¥ en and thirty different voice channels perkboptys
control channel nay be allocated to any given cell. One criterion for
al 'ocating channels in each 5 cell is the avoi dance of excessive

co: channel i nterference. As described in the BACKGROUND
section of this disclosure, it is desirable to utilize an ACA schene
for dynam cal ly determ ning how channels in the systemw Il 10 be
alfocated to one or nore of the cells. Housver, in t he past such
schenes have needed to rely on measurenents of both uplink and

downl i nk int erfewhar,e g,, is thehpathigain oin difafirom mobike sstatinn dHrhwyi de

only for E% ?”‘Entﬂ: :.%UfaPei‘iré‘ﬂfé OG i ¥lidl @halysis, to

communi cati ons syste cel,l nuni cat 1 ons systens
having a |im t ed¥aFBUFItRthe Pathnﬁééﬂréﬁﬁﬁ?“?é@% Jore commonly T,
overcome this obasedl|path Mogs,cdartt expresseadnin dB tlmtmptis aniyr ategy in

whi ch t ransr’rksm 8ﬂaﬂ€¥ve£f Iéisqnzon 14Cqit E%H.\ﬁgdifbﬁ be descri bed

bel ow, t hat correlation to €xi betmeen upllnk and
downl | nk | nt er f eA3FBEERAR LR thatc@ach MEDRAB.FEAYARR 1s conpgched t
correl ati on exi sthe stréigesichaveived base station and assigned a

channel. However, those having ordinary skill in the
art will recognize that this is not a necessity.

10 In addition to base and channel assignment, a
transmission power level (henceforth just "power level")
for each mobile station and base station has to be
decided. A preferred embodiment of the invention
utilizes signal-level~based power control (PC) methods

15 for each of the uplinks and downlinks as fully described

" in J.F. Whitehead, "Signal-Level-Based Dynamic Power
Control for Co-channel Interference Management,"
Proceedings of 43rd VTC, pp. 499-502, May 1993, which is
incorporated herein by reference in its entirety.

20 To define the power control aspect of the present
invention, the discussion will now focus on those cells

within the system that each have a connection supported
by the same channel. Mobile stations and base stations
that utilize this channel will be assigned reference

25 numbers in a manner that results in mobile station i
being connected to base station i. With this numbering
scheme, the path gain in the used link will be denoted g;
and the power used by mobile station i in the uplink is
given by the expression

30

Py = a, = B. * g; (dB], (2)

where, preferably, B, € [0,1]), although values outside
this range may be acceptable, and where a, is a constant
35 in dB. No power regulation (i.e., constant transmitted



applied, with allocation decisions being nade solely on 25 upl i nk

measurenents. As a result, the ACA schene may be applied to systens,
such as anal og systems— T which ~— downlink neasurenents cannot be
made. The power control strategy will now be described in
detail, with reference to FIG 2, which illustrates 30 first and second
cells 201, Zfgodegsn anal og cel | ul ar comruni cati on sPSTSEIGHNI | n
general, a snapshot of the traffic and propagation situation in a
cel bul ar system is fully described by the gain matrix defined as
35 G=1Jerr] (1) WO
96/729837 PCT/ SE96/ 00349

13 - where g[err] is the path gain in dB fromnobile station i to
base station j. It is preferable, in this anghysis, to work with the
path gain instead of the nore comonly used path | oss, but expressed

in dB there is onl yoger) Scérdiipras &olp, =0 iahdTullegobét Eontrses of
illustration that €ach nobile station,is.connected to

hegpstr angest
recei ved base st at {&n®andCoRTG e Fegeived p%‘ﬁ%’f?ne'fqrrlfrg\ﬁg\'?gf,{:?h&e ﬁ‘{;'vi ng
ordinary skill in the constant ta ikl adjusted Aependinghpp thercell sizes

necessity. 10 if‘eeielF %ﬂ%ﬁd Qhd thR2BSe Sk slgedssi gnnent , a

transm ssi on power nceforth just "power |evel™ for each
nobi | e station%and baseCoFEeFRAPINGL¥, EB t Jﬁmﬂé‘é’r’ﬁ%dg’eAbﬂFﬁf E'F?Egm‘
embodi ment of the irégaDates its power according to the expression

Py = a, - B, * g; [dB]. {3)

10 considering now the situation illustrated in FIG.
' 2, in which. there are only two connections, the
expressions for the carrier to interference ratio (C/I)
values for the different involved links are as follows.
In the downlink to M; (all values in dB):

c _ .
~ : : (T)u,—Pm *911"Pr2~G12+ (4)

15

Inserting the expressions for P, and P, gives:

(_:C[_!) =0y -8y, 911 *911 =€ *By 922912 -
LY

(5)
20 which can be simplified to
(_Q) =(1-By) 913 +Pp 922792 -
Lhs, . (6)
cOrresponding.lj_ 'in the uplink to B;:
(7)

. (—g')’z'l’uz*gzz'?h'gn .




utilizes signal-Ilevel -based power control (‘PC) nethods 15 for each of

tiML44ﬂ44ﬂ¢s and downlinks as fully-described n J. F. Mhitehead-

"Si gnal - LeveI Based Dynam c ‘Power Control for Co-channel Interference
Manhagenent , Proceedi ngs of 43rd VIC, pp. 499-502, May 1993, which is

ihcorporats%? ILn by reference inits entirety. 20 cTiSESs/disdel Ne the
power cont éct of the present I nvention, the é‘scu55|on\mll

now focus on those cells within the systemthat each have a :
connecti on supported by the 'sane channel. Mobile stations and base
st.ations that utilize this channel will be assigned reference 25
nunbers in a nanner that results in nobile station i bei ng connect ed
to base station i. Wth this numnbering schenme, the path gain in the
used link will be denoted [err] and t%e power used by nobile station

i in the uplink Imsertmggtuewmééﬂerwm PP, Yhives:
[err] where, preferably, [err] [err]

[0, 1], although. val ues out5|de cy _.t nge y_be acceptable, and
where a[err] is a constant )% |’EIBE 8 3 g‘\ﬁe’rqﬁr"ggmgg%ion (i.e., (8)
constant transmtted 6/29837

PCT/ SE96/ 00349 14 power)
corresponds to [err] = 0 and full power control (i.e., constant
recei ved power) corresponds to [err] = 1. The constant [err] is
adj ust ed dependi mpich chn bel$implified to

(%)53' (1-By) '922+Pn'912 7952 - (9)

Comparing Egs. (6) and (9) we see that the same C/I in M,
and B, is achieved if

10 By + Ba = 1. (10)

The important observation is that C/I in the up-
and downlinks are correlated through the crosslink g,.
The same result can of course also be derived for M, and
15 B, which are correlated through the crosslink g,.
The effect of operating a system that satisfies Eq.
(10) can be seen by considering the effect that a change
in path gain within cell i (i.e., Ag;) has on the total
power, P,, that is used within that connection within
20 that cell, where
P, = Py + Pgy. (11)
Since we are interested in determining how a change in
total power, AP, is related to a change in path gain,
Ag;, it will be useful, for the moment, to write each
25 variable as a function of time, t. Thus, the following
equation is generated:



I n.the system and the background noi se. 5 correspondingly, in the

downl i nk the base station - requlates its power according to the
expressi on [err] (3) 10

Consi dering now the situation illustrated in FIG" 2, in which.there
are only two connections, the expressions for the carrier &

i nt erf er encWOP§R9837 (C/ | ) val ues for the different ih7oT%aQ ’8? nks are
as follows. In the dowmnlink to Merr] (all values in dB)

[err] (4) 15 I nserting the expressions
for Pl[err] and P[err] gives: [err] 20 which

can be sinplified to _
correspondingly in the uplink to Bferr]:
[err] (7) 16

[err]

Py (£) =Py, (t) +Pp; (t) =&, ~By g, (L) +a ~B,gy,; ()
={@, e, —gyy (£) - (By+P,) - (12)
where P,(t) is the transmission power of the base
station in cell i at time t, P,(t) is the transmission -
5 power of the mobile station in cell i at time t, and
g;(t) is the path gain between the mobile and the base
station in cell i at time t. Note that a,, a,, 8, and 8,
are cdnstants, and are therefore not expressed as
functions of t.
10 When §, + 8, = 1, Eq. 12 reduces to

P’_(t)- ni(t) +Pb1(t)=(¢b+¢n) “gi’.(t) (13)

Furthermore, the change in total power, AP, is
15 given by the egquation

where At is a time increment.
Substituting values from Egq. 13 into Eq. 14 gives

AP,=[P,, (E+At) +P,, (L+At) ] - [P, (t) +B,, (t)]
=[ (ab"'“n) =911 (t+At)]-[ (ayta,) -g;; (E) ]

="gu_(t+At) +9;y (t)
=-[g,y (L+AL) ~g;, (t)]
=-Agy; (15)
20 It follows from Eq. (15) that, when 8, + B8, = 1,
APi+A9u=0 (16)
25 The meaning of the above analysis, for the special

case of just two connections within the system occurring
on the same channel, is that the uplink C/I in, for
example, cell 1 can be made equal to the downlink C/I in
cell 2 by controlling the total power, P,, in cell i so
30 that any change in cell 1’s path gain (i.e., Ag,) is
exactly offset by a change in total transmission power
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1%—————=-—44ux#¢|ng.Lhe_¥alues f o DPlercl and Plerr] gives:

[err] (8) whi ch can be S|an|f|ed to 5
Cognparing Egs. (6)-and (9) we see that the same G| in Merr] and

Blerr] is ﬁ%;@bﬁ%?ﬂ I f 10 [err]ﬂcﬁﬁlﬁyubhg— 1

(10) The i nportant observation is that C | e up-

and downlinks are correlated through the crosslink g[err]. The sane
result can of course also be derived for Merr] and 15 B[err] which are
correlated through the crosslink g[err]. The effect of operating
a systemthat satisfies Eq. (10) can be seen by considering the
effect that a change in path gain within cell i (i.e., [err]) has on
t he total power, Pl[err], that is usedZwithin that connecti on mﬁthin

20 that cell, where rrnlb— Plerr] Lerr]
. fQJsell 1 (i.e., AP)). In a preferred embodiment of th

invention, in which power is controlled in accordance
with Egs. (2) and (3), this is accomplished by ensuring
that 8, + 8, = 1. However, alternative embodiments of
S the invention may alsoc be used in systems that do not
regulate power linearly in accordance with Egs. (2) and
(3). In such cases, one can induce the correlation
between system-wide uplink and downlink C/I values by
taking whatever steps are necessary for ensuring that
10 Eg. (16) is at least substantially satisfied.

The preceding analysis showed that, in the special
case of only two connections using the same channel, the
uplink C/I value at the base station B, can be made
exactly equal to the downlink C/I value at the mobile

15 station M, by appropriate control of mobile and base
station transmission power. ' In the more general case in
which more than two connections in the system utilize
the same channel, it is not possible to guarantee that
for any uplink C/I value there is a mobile station in

20 the system having an identical downlink C/I value.
Nonetheless, a strong correlation between these two
values can be made to exist, as will be shown by the
following analysis.

As explained above, a snapshot of the traffic and

25 propagation situation in a cellular system is fully
described by the gain matrix defined by Eq. (1), which
is repeated here:

G = [gy], (1)
30 _ .
where g, is the path gain from mobile station i to base
station j. For purposes of the following analysis, all
calculations will be made in Watts instead of dB, as was
used in the previous discussion. The reason for this



Since we are interested in determ ning how a change in
[efr] is related to a _change in path gain, . [err].
for the nonent, to wite each 25 variable as a functi
Thus, the follow ng equati-on i s generat ed:

PCT/ SE96/ 00349 :

Plerr] ( t) WoPpe9837( t) +P[err] (t) = [err]-[err][err]

(t) =(a[err] + a[err])

total power,

it will _be useful,
on of tine, t.
WO 96/ 29837

16
( (AFCTEPNBY _[err]
-glerr] (t)

([err]+ [err]) (12) where Plerr](t) is the transm ssion power of

t he base station in cell i at tine t, P(t) is the transm ssion 5
power of the nobile station in cell i at tine t, and glerr](t) is the
pat h gai n between the nobile and the base station in cell i at tine
t. 'Note that a[err], a[err] [err] and [err] 18 are constants, and are

t herefore not expressed as functions of t. 10 When [err] +
[err] = 1, Eq. 12chedgeeistto enable the summation ofeim}erference rom
Furthernore, the gigpdeeht s&irBedlover, [err] is 15 gi ven by the

equati on . APl er] =Pl err +, [ ~Rlerr] (t)
(14) where [err e inventiye nfS3 fhheht nétidd il

subdivide the mobile stations in correspondence with the
5 available channels. Assume that Q mobile stations, each

connected to a corresponding one of Q different base

stations, are assigned the same one of the available

channels, which will be designated here

as channel k.

In the following analysis, the mobile stations and the
10 base stations will be numbered in such a way that the

mobile stations, that are each assigned

to the same

channel k, are numbered 1 to Q in correspondence with
the base stations 1 to Q to which they are respectively

connected.

15 : The path gains between the Q base stations and the
Q mobile stations form a sub gain matrix G, with

dimension (QxQ). The diagonal elements

in G, are thus

the path éains in the own link and the off diagonal

elements are the cross links.

20 The power vectors will now be defined. 1In the
uplink (transmitter powers used by mobile stations), the

power vector is given by
Pﬂl
P.=1...].
m Pw

25 and in the down-link (transmitter power
stations), the power vector is given by

(17)

used by base



Substituting values fromEq. 13 into Eq. 14 gives [err] 20 It

follows fromEq . (15) that, when Jetr]l . lerrl S 1

[err]P[err]+[err]g[err]=0 (16) 25 The neani ng of
t he: above anal ysis, for the speci al case of just two connections
within the s stenroccurrrng on the same channel, is plrnk
cCl in, for“y xanple cell 1 can be made equal to t he gémn%ﬁﬁtﬁ

cell 2 by controlling the total power, Plerr], in cell i so 30 t hat any
chahge in cell |I's path gain (i.e., [err] is exactly offset by a
change in total transm ssion power WO 96/ 29837

PCT/ SE96/ 00349 17 incell 1
(i.e., [err]P[err]). In a preferred enbodi nent of the invention, in
whi‘ch power is controlled in accordance 19 with Egqs. (2) and (3), this

i s acconplished by ensuring t hat [err] + [err] = 1. However,

al ternative enbodi nents of 5 t he |nvent may al so be used in systens
that do not regul at e. power |inearl cordance with Egs. (2) and
(3). In such cases, one can induce the c rr kggron (18)

From these definitions it is straightforward to compute
the C/I, denoted I', in the uplink (at BS j from MS j):

r, = 933 " Puy
P,
;911 mi ™ 933 ° Py (19)
5
Correspondingly, C/I in the downlink (at MS i from BS i)
is given by the expression
Pu
P - gy * P
;913 b3 bi (20)
10 . .
Expressed in Watts, the uplink power control is given by
the expression
P-i - a- hd (gii)-’- (21)

15
. and in the downlink it is given by the equation

Py = @ * (g™ (22)



bet ween system w de uplink and downlink C/1 val ues by t aki ng -what ever
steps are necessary for ensuring that 10 Eq. _(16) is at | east

substantially satisfied. The precedi ng anal ysis showed that, in
t he- speci al case of only two connections using the sane channel, the
uplink CI value at the base station B2 can be nmade exactly equal to
t he downl i nfVQ629833| ue at the nobile 15 station Merr] W@B{ﬁ/‘@iﬁgl ate
control of nobile and base station transm ssion power. In the nore
general case in whi ch nore than two connections in the systemutilize
the sanme channel, it is not possible to guarantee that for any uplink
C/1.value there is a nobile station in 20 the system having an identi cal
downlink C/'1 val ue. Nonet hel ess, a st LaNg correl ati on between these

t wo val ues can be nmade to exist, as will be shown by the

following anal ysi gomvining Bqs. A3o5xBhal 199) 29eYes &P AP HE' nlLhpe at

situation I'n system |

traffic and 25 ropagat i
descri bed by the Bgi-ﬁ 9™ iMS dof i ned by Eq. (1), which i s repeated
her e: G=1errr] (1)
30 where g[err] is the path gain fromnobile station i to base
station j. For purposes of the |l M ng‘;anal ysis, all cal cul ations
will be nade in WattsIy ,_" = ﬂs-eﬂ-—hﬁ—lf-he—p-revi ous
di scussion. The reason fRL 9Nl &a * Fui ~ 9:3V\D“96/%5533¥ -—’-ﬂi‘-l—_—T-l
PCT/ SE96/ 00349 1657 - g43 ™™

' (23)

S

and combining Egs. (20) and (22) gives the downlink C/I
(at MS i from BS i) as

-8y

T.= Gy ° &y " Jid _ 1
i Py « g'ﬁb- gy :
L ] a L] - - L] -
;9‘13 » * i3 9is " &y "Gy ;_—_—_u_w — 1
1 fEN g33
(24)
10
The denominators in Egs. (23) and (24) have
similarities, and for the case when
Bat By=1 (25)

15 the elements g; in Eqgs. (23) and (24) are normalized with
the same factors. This can also be expressed in matrix
form. The denominators in Egs. (23) and (24) are column
sums and row sums of the following matrix



choice is to enable the summation of interference from
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(26)

(27)

Comparing Egs. (27) and (23), it is clear that the

column sum of column j in the matrix D.
comparing Egs. (27) and (24), it is clear that the
downlink C/I of connection i is equal to 1 divided by
The correlations between the

the row sum of the row i.

30

uplink C/I of connection j is equal to 1 divided by the

Similarly,

up- and downlink C/I values in the own link are small.

This can be seen in Eq. (27) where the matrix D has

This implies that the sum of
row I (reciprocal of C/I in the downlink) and the sum of
column i (reciprocal of C/I in the uplink) have no term

zeros along the diagonal.

35

in common. FIG. 3 shows a scatter plot of the C/I in



19 - [err] (-18) From

t Hese definitions it-is straightforward to conpute . the ¢, denoted r,
in the uplink (at BSj fromMs j): [err] Correspondingly, C1 in
the downlink (at M5Si fromBS i) is given by the expression [eLr]
10 Expressed in Watts, the uplink power control is given b the
expr essi on WO 15 and in the downlink it is gi venP‘E')E’s‘%I’ﬁ’@”éﬁuat i on
Plerr] = [err]* (glerr]) [err] . (22)

22

the uplink and the C/I in the downlink. In the figure,
each "dot" corresponds to a pair of up- and downlink C/I
values for the same connection. It can be seen that the
cloud of dots are almost circular, which implies that

5 the up- and downlink C/I values of the same connection
have very little correlation to one another.

By contrast, there is a correlation between the

uplink C/I value of one connection and the downlink C/I
value of another connection. For example assume that

10 the column sum of column j (uplink connection j) is
‘dominated by element i,j in the matrix D. This element
also belongs to row i (downlink connection i).
Consequently there will be a correlation between the
uplink C/I value of connection j and the downlink C/I

15 value of connection i. The scatterplot of FIG. 4 helps
illustrate this fact. In the figure, which is derived
from a realistic simulation of interference in a
cellular system, the uplink C/I value for each
connection j is plotted against the downlink C/I value

20 that corresponds to the index, for example i, of the
largest element in the column j of the matrix D. If the
largest element, i, in the column j is also dominant in
the row i, almost the same C/I value will be obtained in
the base station j as in the mobile station i. The dots

25 on the diagonal in FIG. 4 correspond to those cases
where there is a dominant crosslink term between column
j and row i. The dots below the diagonal correspond to
cases wvhere the downlink C/I value is lower than the
uplink C/I value. This happens when the element in

30 column j that dominates the uplink C/I value is not
dominant in the row i. That is, there is some other
element in row i that is larger than the largest element
of column j and the C/I in the downlink is therefore
lower than the uplink C/I. '
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20+————Cpfbining Egs. (19). and (21)—gives CL1 in the uplink (at BS
fromNMs j) [err] - g _
(23 5 . and conbi ning Egs. (20) and (22) gives the downlink C/I
(at MSi fr l.) as [err]
(24) 10 %W denom nators in Eqs. (23) and (24) hay & CT/SES6/00349
simlarities, and for the case when _ [err] + [err]
=1 (25)

23

The above analysis has demonstrated why, for
channels having more than two connections, it is
generally not possible to find a relation between 8, and
f. that guaranties that one uplink C/I value will

5 exactly match one of the downlink C/I values. However,
the present invention is most concerned with channels
having low values of C/I (i.e., those channels having
high levels of interference). Because a low value of
C/I in a particular uplink indicates that a strong

10 crosslink is present which decreases the C/I, it is
reasonable to assume that the effect of this one strong
crosslink dominates over the effect of other crosslinks.

Because of the dominance of one strong crosslink over
others in the system, the analysis of the

15 multiconnection case reduces to the two link case that
was discussed in detail above. Therefore, even in the
general case with many connections per channel, those
channels having low C/I values exhibit strong
correlation between uplink and downlink values when

20 power is regulated in a manner that satisfies Eq. (10).
Alternatively, for systems in which the power regulation
scheme given by Egs. (21) and (22) is not followed,
channels having low C/I values exhibit strong
correlation between uplink and downlink values when

25 power is regulated in whatever manner is necessary to
satisfy Eq. (16) (i.e., to ensure that, for any given
cell, a change in that cell’s path gain for a connection
is substantially offset by a change in total
transmission power for that connection in that cell).

30 This observation forms the foundation for the
inventive ACA technique. First, power is regulated
throughout the system, in accordance with Eg. (16).
Where power regulation is of the form given by Egqs. (21)
and (22), this may be achieved by ensuring that Eg. (10)

35 is substantially satisfied. (Exact compliance with Eq.



15 _the elenents [err] in Egs. (23) and (24) are normalized with t he

sare factors. This can_also be expressed in matrix form The
denom nators in Egs. (23) and (24) are colum sunms and row sunms of the
folfowing matrix WD 96/ 29837 ,
PCT/ SE96/ 00349 21 [err] 10
whi ch can bwosienessrfied to PCTISE96/00349

24

(10) is not necessary. However, the closer one comes to
such satisfaction, the stronger the correlation between
uplink and downlink C/I values that can be induced.)
While this power regulation scheme is in effect, an ACA
5 algorithm is applied that relies solely on uplink
measurements. Because of the correlation between uplink
and downlink C/I values that is produced by the power
regulation aspect of the invention, the quality of
connections is kept high in the downlink connections as
10 well as in the uplink connections.

A preferred ACA scheme for use in the present
invention will now be described. As mentioned in the
BACKGROUND section of this disclosure, an ACA method has
two purposes: 1) eliminate the frequency planning and 2)

15 increase the capacity in the system. The preferred ACA
scheme also contains two parts that can be used
separately or together.

The first part of the ACA scheme is a frequency
reallocation (FRA) method that generates a slowly

20 changing frequency plan. 1Initially, each base station
is allocated a number of channels equal to the number of
transceivers at the base station and the combiners are
tuned to these frequencies. Then, during operation of
the communication system, each base station measures the

25 interference on its own channels and on candidate
channels. Based on a long-term average (e.g., in the
range of one hour up to several weeks) of these
measurements, each base station slowly changes its set
of allocated channels, using a strategy that allocates

30 to the base station those channels whose long term
average interference measurements are acceptable.

Given a set of frequencies allocated to a
particular base station (either preplanned or obtained
from an FRA method as described above) the next task is

35 to assign channels from this set to mobile stations that



[err] 20 (27) Conparing Egs. (27)
and (23) it is clear_that. the 25 _wplink C/1_of connection_j_is equal to 1

di vi ded by the colum sumof colum j in the matrix D. Simlarly,
conparing Egs. (27) and (24), it is clear that the downlink C/1 of
connection_j is equal to 1 divided by the row sum of The
correlatio OB@ en the 30 up- and downlink C/I val ues i%} E{a’e,gbv%gl I nk
are smal | . This can be seen in Eq. (27) where the matrix D has

zeros along the diagonal. This inplies that the sum of row i

(r-eci procal of C/lI in the downlink) and the sum of colum i

(reciprocal of C1 in the uplink) have no term35 in common. FIG 3 shows
a scatter plot of the C/1 in WO 96/ 29837

PCT/ SE96/ 00349 25 22 t he uplink
and the C I in the dowlink. In the figure, each "dot" corresponds to

a pair of up- an®r@@etively paking cahlsdn the cpdlsanEncmmdinstn. It can
be seen that the generation of cellular systems, the channel allocation

scheme consisted simply of determining which channel had
been idle for the ldnqgst time, and then assigning that

5 channel to the mobile station, provided that some very
low quality criteria was fulfilled.

This early channel allocation plan left much to be
desired. To understand how it can be improved upon,
consider a system with 15 transceivers per base station

10 and a traffic load corresponding to 2% blocking. Then,
on average, only 9 of the 15 transceivers are busy.
Further, although the average C/I (uplink and downlink)
in the system is well above a desired quality threshold,
some of the mobile stations and base stations experience

15 much lower C/I values. By avoiding use of the worst
channels in each base station, considerable improvements
can be achieved for the connections with the lowest
guality. Therefore, when a new mobile station is to be
assigned a channel (either as a result of the mobile

20 station initiating a new call or as a result of a
handover from another base station), the second part of
the preferred ACA scheme is a Quality Driven Channel
Selection (QDCS) method that assigns the free channel
having the best C/I value to the new mobile station

25 entering the cell. The quality of the ongoing
connection is also monitored during the time the mobile
station is within the cell. If the quality
deteriorates, then an intra-cell handover is performed
so that one of the available channels having better

30 gquality will be assigned to the mobile station.

The above-described QDCS method cannot, in general,
be applied to systems using analog channels because only
uplink measurements are available in such a system.
Without knowledge of the downlink interference levels,

35 the determinations of quélity could result in poor



cloud of dots are alnobst circular, which irfpl i es that 5 the up- and
downlink ¢ val ues of_the sane connection have very little

correlation to one anot her. By contrast, there is a correlation
bet ween t he uplink C'1 value of one connection and the downlink C I
val ue of ang her connection. For exanple assume that 10 the col um sum
of columm | %3%?%8%1( connection j) is dom nated by e|%<ﬁ%$ﬁ9"f“33f9i n the
matrix D. This el enent al so belongs to row i (downlink connection i).
Consequently there will be a correlation between the uplink C'1 val ue
of “connection j and the downlink C/I 15 value of connection i. The
scatterplot of FIG 4 helps illustrate this fact. In the figure,
which is derived froma realistic si rgg ation of interference in a
cellular system the uplink C1I value for e€ach connection j is

plotted against theidaun! i Pér Eilanflele conBidelNehe COIFERAYNIS tO the index,

for exanple i, of,.the Jargest elenent.,ip the colum |J of the matrix
D. If the Ii&ﬁﬁggfa"é?%rféht&eq', Sirn %&héSFuFm%c?Jsl%l% FeWRant in
the row i, al noseachehavimg Gl Irespeactivel base sbatioed®s,p BS, lodatedbdae
station j as in | tad i 1. ts 5 t i | in
FIG 4 correspon '?ogt?ﬁséégt%as,esé)%dn g\%ﬁgrgg'tﬁgéec?néﬂg‘icgé%ig’gﬁgﬁ%iossl I nk
t er m bet ween 2ol GRfAPective mohile skationg. Mgy MS,pYpeans @fagonal

correspond to  directiesallwiterinias.doWhel Bécohd wobike istat3ey Mshaday e
st o v Lo e REEOF e R HRRLE o i el |,
there i s sonme ot f@anating frempthe firs§,basenstation Bgjer Mowevenhe 1fir gest
Iel emrsnt - of thel H8Bond Avkbd ta¥ilon Iﬁg} fztftSﬁBk?sti Rb a8tbPRIfe Offe
P8¥?SE96?00§%8 ”8h5ﬂ§t§7$f this chanﬁg? %aseg only on uplink
measurements, the interference from cell 1 will go
undetected because these transmissions are being made
from "behind" the second base station’s directional
antenna. Consequently, the second base station’s
15 determination that the channel is of good quality due to
the lack of detected uplink interference would be
erroneous. .
The above-described problem is not limited to the
situation in which base stations using directional
20 antennas are located on the periphery of cells. This is
because similar "directional" effects can be produced,
for example, by topographical features in cells hafing
centrally located base stations using omni-directional
antennas, as illustrated in FIG. 1. Thus, in any type
25 of cellular system, a QDCS method cannot be based solely
on uplink measurements of interference without any
further procedures in place to ensure that the uplink
measurements are truly representative of interference on
the downlinks as well.
30 The present invention solves this problem by using
a particular power regulation scheme to cause a
correlation between up- and downlink C/I values to exist
in the system. In particular, a preferred embodiment of
the present invention comprises the system-wide
35 regulation of mobile station transmission power (see Eq.



23 . The above anal ysis has denonstrated why, for channel s

haw-Rg—tBee-than two connections, 1t 1S generally not_possible to

find a relation between [err] and [err] that guaranties that one
uplink CI value wll 5 exactly match one of the downlink C/'I val ues.

However, t he present |nvent|on I's nmost concerned with
havi ng | ow W02t /| (i.e., those channels having Cﬁggﬂg@é@el s of

i nterference). Because a Iow1va|ue of C'l1 in a particular uplink
indicates that a strong 10 «crosslink is present which decreases the C1I,
it-is reasonabl e to assune that the effect of this one strong
crosslink dom nates over the effect of other crosslinks. Because of

t he dom nance of one strong crosslink over 29 others in the system the
analysis of the 15 nulticonnection case reduces to the two |link case that
was di scussed in gptand WaEw stationcteansmission pduer (see Gquespl inase

W th many connect h hangel ng |ow /I
ﬁgﬁﬁepe&u&b ﬁ thO%ﬁEaFion rﬁ"u P’hkéafn?gdownl i nk_val ues

val ues exhibit stron corre
when 20 power .sswe-gtmﬁaaﬂm satisfied. thw%mw# jagceptableoresults
Alternatively, fohap yﬁé%ievemwyhrbaamam pmﬂ eatn Qnmannersﬁheﬁe gi ven

by Egs. (21) and I values
exhi bit stron &%g%o'b? rEq‘{m?on gg}!ﬁg“ ﬁu'p[is E&HQ% '(EJ% 1%% %‘ﬁ‘n vvhen 25
power is regul at econstapfarather thaned,i Shaceleser yone gets tQaF#!;i?ﬂE&PQ(lG)
(i.e., to ensure ¢hetsit it Al Wet® the préfétermindid tbhstanthds eghals

Potal ° " U ansrfS o ot RRtse-) “RERTEALE Ll gt 38p §8 BEned,
Thi s observati on &oremrekationuitveen fplinkcand downhiak OV3 Rémuescﬁnlque.
Ei rst 16power1bsv\;]e§sﬁfé&d so tnééwraow&guaeFﬁ?sa&mB aﬂg,ﬁ@aorsaaee Wllt h
O 350 (i s g EeRR st ahSENG Unblrirhoh Hed g hints bV 588 (21
substantial | y satthdneels, (@Eddinternfierensecvalués Rplculated from C/I
' measurements on used channels within the base station.
Techniques for making both uplink and downlink
15 interference measurements are well known in the art, and
are not described here in great detail. Essentially,
for an idle channel, what is measured is signal strength
of the channel. This signal strength measurement may be
used directly as a measure of interference, because it
20 is this signal energy that would interfere with the
cell’s own use of the channel. Although, strictly
speaking, a cell does not actually experience
interference if the channel is not actively used in the
cell, the measured level of "expected interference" will
25 henceforth be referred to simply as "interference® in
this description.
A technique for measuring interference on an unused

channel has just been described. If, however, the

channel is in use by the measuring cell, then the level
30 of interference cannot be measured directly. Instead, a

C/I measurement is made, using known techniques. Since

the measuring cell also knows the strength of the

carrier signal (C) that it is using, it is a simpile

matter to determine the level of interference (I) that
35 caused the measured C/I.value.
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24 (10) is._not.necessary. However, the_closer one cones to

such satisfaction, the stronger the correl ati on between uplink and
downlink C/'I values that can be induced.) Wil e this power regul ation
scheme is in effect, an ACA 5 algorithmis applied tha | j es solely
on uplink WO%298asur enents. Because of the correlation a’g’é'ﬂ&d li nk
and downlink C/'I values that is produced by the power regul ati on
aspect of the invention, the quality of connections is kept high in
the downlink connections as 10 well as in the uplink connections.
A.preferred ACA schene for use in the present I nvention will now be
descri bed. As nentioned in the BACKGRCUND section of this disclosure,
an ACA net hod has two purposes: 1) A8 ninate the frequency pl anni ng

and 2) 15 I ncreas [ The ferr A

schene al so cont ai nsit &ggsgf?g& M“{er}be usggg1 presen pi'i} eq%;? (r;A

t oget her . illustrpsed; int therfloychartsack EEﬁ%neﬁAsﬁQ%flﬁgykensy

real l ocation (FRArstehRo#IGDabAEDRSERS @1shouhn R&)s rédeiv@aa frequency

plan. Initiall t a nunber .qf channel s
equal to the nu (g?’%%? Q%EE & ﬁéh%gel veartsi °5't t? héggg‘i R th1Bh © t he
conbiners ar®e (i.e.pumonnectionke fQanpeswentsdy, Thtnis meceapagertstion of

the communi cati qni1vkakteTa BASANERSEosS (tHd ewTRIRHEEEIONE XD int erference
on its own channels and on ggﬁdtgate channel s ased .on | ong-term

average (e.g., iAfeopgance w e FnYEREio8a - Al e¥Bes rﬂﬁlﬂﬂﬁe & of these
measur enents, eamlueads detervined ofiwy edacingfsthogeschannels thatalarecat ed
channel s, using aessat;hehe% the! basé 0sEdion %ﬂt nbf &Bfr&Sry %Jeatdgon those

channel o, M155° | i T conmecEshalPyd o ShhcHERSE: TERSHATE S
is, an interference value for these free channels may be
directly measured. An expected C/I value for the call
may then be estimated, using an estimate of what the new
connection’s carrier signal strength will be. A free

15 channel having a level of interference that will give a
C/I that falls in a predetermined interval is then
identified, and designated as an "“acceptable" free
channel (step 603). The predetermined interval is a
range of C/I values, such as 10 dB and higher, that

20 would be acceptable for a connection. In an alternative
embodiment of the invention, the acceptable free channel
is, in fact, a "best" one of the free channels that has
the highest C/I value of all of the free channels.

Then, the mobile station’s connection is assigned

25 to the acceptable {(or "best") free channel (step 605).
Execution continues with the flowchart of FIG. 6C, which
is described below.

Turning first to FIG. 6B, this corresponds to the
case where a cell has received a request from (e.g.,

30 from an MSC) to accept a handover of a call from another
cell. This situation is very much like that described
above with respect to F1G. 6A, since it is necessary to
allocate a channel for the "new” (i.e., handed over)
connection. In accordance with this aspect of the

35 invention, at step 607 an expected uplink C/I value is




particul ar base station (either preplanned or obtained froman FRA

..abaove) the next_task is 35  to assign_channels from

this set to nobile statlons t hat WD 96/ 29837

RCT/SE96/00349 are
actively L1 caIIs inthe cell. In the first

cel | ul ar ? 7 the channel allocation . schene Cogﬁédgg&?l nply of
determ ni ng whi ch channel had been idle for the |ongest tinme, and

t Hen assi gni ng t hat 5 channel to the nobile station, provided that some
very |l ow quality criteria was fulfilled. This early
channel allocation plan left nmuch to be desired. To understand how it
can be inproved upon, consider a sysgemw th 15 transceivers per base

station 10 and a traffic |oad corresponding to 2% bl ocki ng. Then,

on average, Onlde€erfindte £b2 bAGRSSE! MIfE Ertie hdPNels for ﬁuﬁ hedse al t hough
the average C| t he Sé?ten1 wel | above a

k
desi red qual |t {‘#') |n g'?&s gs a?;%?m”bf”f%@%f“ﬁ@" at? 1é\nd base
stations experldssmringd above withrré&ipectteestepBgoavoidli fge@ise of the

vor st a&?ﬂﬁei haRAng Ragevel ¢ UhtdrFiriendebhat | WPi Pvtfi‘?é‘té

can be achleved or the c%ﬁnegtlons

Therefore, RherCHE WA Pa?|85;$% ??ﬁiﬂ?d lnterggélbﬁq%P%Pchannel
(either as a retdtmtiﬂiddyaandbdésigﬁitednas|an1"ann5paabhg"afnmm1caII or as

aresult of a hensered part of
the preferred A annﬁf‘%ﬂl\é?r gb al |§'§zL i ven annemlne& gh?ect I on (QDCS)
met hod that asst*§n@ Y?ﬂQQIQ§eCé akplyes sucqu%ﬁ fRcapdshighery FRAL (o the

new nobi | e st atwowld be acceptable for a connect1on. In an alternative
10 embodiment of the invention, the acceptable free channel
is, in fact, a "best" one of the free channels that has
the highest C/I value of all of the free channels.
" Then, an inter-cell handover operation is
performed, in accordance with well-known procedures, so
15 that the mobile station’s connection is reassigned to
the acceptable {(or "best") free channel (step 611).
Execution continues with the steps depicted in FIG. 6C.
The quality of ongoing connections (such as those
established by means of the procedures represented by
20 FIGS. 6A and 6B) may be maintained at a high level in
accordance with another aspect of the invention, which
will now be described with reference to FIG. 6C. The
flowchart of FIG. 6C shows the steps to be performed
repeatedly, such as once per second, in each base
25 station within a communication system. First, for each
of the existing connections, base station (i.e.,
downlink) and mobile station (i.e., uplink) power is
regulated so as to substantially satisfy Eg. (16) (step
615). In a preferred embodiment of the invention, power
30 is regulated in accordance with Egs. (21) and (22), so
step 615 is performed by substantially satisfying the
equation 8, + 8, = 1.
Next, for each connection, the strength of the
received carrier signal (Cpcyp) is compared to a signal
35 strength threshold level (SS,,povez) that represents a



25 entering the cell. The quality of the ongoing connection is al so
noni tored during the—tine-the nobile. station is wthin the cell. If
the quality deteriorates, then an intra-cell handover is perforned
so that one of the avail able channel s havi ng better 30 quality wll be

assi gned tQy ile station. The above-descr'%yaﬁ%ﬂ%%& met hod
cannot, in géﬁé?ﬁgp be applied to systens using anaﬂ% S

because only uplink neasurenents are available in such a system

Wt hout know edge of the downlink interference levels, 35 t he

determ nations of quality could result in poor WO 96/ 29837

PCT/ SE96/ 00349 26 choi ces. For
exanpl e, consider the situation |IIustrated in FIG 5, in which two
cells are shown, each having a respe 30 ve base station BS[err]

BS[err] | ocated . er n ]l ating
wth 5 respecti J{'/'gn%ﬂ)%“l %é \gkﬁ‘nﬂ1 ﬁ%fg&?‘frgﬁ/s% (r}?geo ce&é % mﬁ
di recti onal anteﬁﬁﬁgingﬁﬁhb%dﬂﬂui dision 617, &kperlence

significant int e&&eém e&rﬁa \lﬁ.@rﬁlla@&ﬁbngth o:eraiyatddiﬂ.etctqaht ] fl rst
base station BS[

We, t he second base tatlon rr
attenpts to dete % tFO% q'tf vqi}é'}e tst‘t‘M eﬁ'cﬁ?aﬁﬁ‘gfm 5A8R CoRt 5‘%?? upl i nk
measur ement s S t hbyi peeféomning e fhandoyelr| PIO(&Flﬂlllrgp(step 619%Jet eMpeti bEcause
these transm ssi gha Bﬁépbeéf‘&l{@%ndoverf peBte ‘e W 15KNOWA, PARE

station s oot L gigf o e TR RS R AP o RGO, TR ot o
of detected upli pecondancerwithe mw(bows-described aspect of the

invention, the handover procedure additionally includes
10 the steps depicted in FIG. 6B.

If, at decision 617, the received carrier signal
strength for a connection is greater than or equal to
the value SSy.umover, then for that connection execution
continues at step 621, in which the base station

15 measures the uplink C/I value associated with each of
the channels that are currently in use on a connection
(i.e., "active channels®). The measured values are then
compared with one another, and the active channel having
the lowest C/I value is identified, and designated the

20 "worst active channel®.

At decision 623, the C/YI value of the worst active
channel is tested to determine whether it is in an
acceptable range for the connection. For example, an
acceptable range might be designated as being 10 dB and

25 above. If the worst active channel has an acceptable
uplink C/I value, then nothing further needs to be done,
and the loop is repeated by again executing step 615.
However, if the worst active channel has an unacceptable
uplink C/I value, then execution continues at step 625.

30 It is noted at this point that in an alternative
embodiment of the invention, a strategy is adopted
wherein an attempt is always made to improve the
performance of the worst channel. 1In this case, step
623 is skipped, and execution unconditionally proceeds

35 from step 621 to step 625. :



er.roneous. The above-described problemis not limted to the

Shtdati-on—-a—whi-ch base-stati ons—usRg—citestienal20 antepnas—are
| ocated on the periphery of cells. This is because sim | ar
"directional"” effects can be produced, for exanple, by topographi cal

features i 6:II 7having centrally |l ocated base stati
omi -di rect10 antennas, as illustrated in FIG 1. Thus, 1 n any type

25 of cellular system a QDCS nethod cannot be based solely on
upl i nk neasurenents of interference w thout any further procedures in
place to ensure that the uplink measurenents are truly representative
of interference on the downlinks as well. 30 The present

i nvention solves this problem by using a particular power regul ation
schene to cause a correlation betmeen3ap- and downlink C/'I values to

exist ~  inthe Syitte@te?n sﬁgit Lﬁ%ﬁec@e&”@ﬂrﬁ@%/ﬁ"@gfﬁgﬁ?& of the
present invention cofprises the’systentw de 3 regalation of npbile
station transn sdetarmings fosceach of those chynnpds)&hat are assigned

27 2) and $s3he Hiise0BtatdBANDGE | AGt PN er(tlSe bading3nséd &n a

h t hat ti " =1 i b tiall
Catistiod. (Al HENIeRER, (Fes bhe TEFRE cpmngi® s mndihe ol Lt ng

power in a nanneinterferenge yvaluet for stheee free |chanpelpemay be cqual to a
predeternmined girésst ddlasareal !RANedpedt@r ¢ s Val10ecropt €né edpi i STy ng
e, STuaLl on WISk i REeBeETAREd CPBlgind Suilitige of dad il
worst active channel’s carrier signal strength is. A
free channel having a level of interference that will
10 give a C/I that falls in a predetermined interval is
then identified, and designated as an "acceptable" free
channel. As before, the predetermined interval is a
range of C/I values, such as 10 dB and above, that would
be acceptable for a connection. In an alternative
15 embodiment of the invention, the acceptable free channel
is, in .fact, that one of the free channels having the
highest C/I value of all of the free channels. This
alternative is especially useful in embodiments that
skip step 623. In such embodiments, an attempt is
20 always made to improve a worst active channel by trying
to locate a "best" free channel.

In any of the above-described embodiments of the
invention, the uplink C/I value of the designated
acceptable (or alternatively "best") free channel is

25 then compared with the uplink C/I value of the worst
active channel (decision 627). If a higher C/I value
exists on the acceptable (or "best") free channel than
is currently measured on the worst active channel, then
an intra-cell handover is initiated so that the mobile

30 station’s connection will be reassigned to the
acceptable (or "best") free channel (step 629). The
loop is then repeated by starting again at step 615.

If, at decision 627, the uplink C/I value of the
acceptable (or "best") free channel is not greater than

35 the uplink C/I value of the worst active channel, then



a correlation between uplink and dowmlink C/1I values is 10 assured, so
that a QDCS nethod can be applied,_based . solely on uplink.
interference neasurenments on idle channel s, and interference val ues
calculated fromd | nmeasurenments on used channels within the base

Sstation. Techni ques for making both uplink and %H&| 15
i nterferemvowem3lur enents are well known in the art, and 5%4%%3 aregnot

described here in great detail. Essentially, for an idle channel,
what is nmeasured is signal strength of the channel. This signal
strength measurenent may be used directly as a neasure of
I nterference, because it 20 is this signal energy that would interfere
wi'th the cell's own use of the channel. Although, strictly
speaking, a cell does not actually experi&¥e interference if the
channel is not activel% used in the t he £easur d.level of

e

el |
"expect ed i nt er fidteeMu@Liky| PE Wm&ﬁqﬁvﬁebpawé? PPNy as
"interference" iimproved upbn, dasdrthe iloop is merely yepeated g for

measuri ng interf§¥£¥¥¥;goﬁ 39nUR¢SEEep 615, channel has just been descri bed.
| f, however, the chd

nnel 1s 1n use b he uri ell, then the
level 30 of interfd &alakippiohcthf IHFPE%SI%&%?%SY%%& a
C/1 neasurenpnt perferifed dai bpdéncto irendstigate tBenefficacy emethismasuring
col | al's0 knows [ SlaenOileokslfution pidbpBhed fBtelblabhld | [0
using, it is a sl e matter to determ the level of injerference
(1) that 35 cosyxeten wtheglustare)aceonding to a 4/12\patkerrgpi-e- .,

PCT/ SE96/ 00349 a system having 12 cells per cluster, w2th 4 antenna
sites per cluster). A total of 16 such clusters were
10 arranged on a toroid like surface, that is, for each
base station there were 15 cochannel sites surrounding
the base station. In this simulated system a traffic
realization corresponding to a traffic load of 10
Erlang/cell was generated. It was further assumed that
15 the mobile stations were uniformly distributed

throughout the system. Given this static situation, an
investigation of different radio resource allocation
methods was performed, including one that corresponds to
the present invention. Some of the simulation

20 parameters are summarized in table 1.

TABLE 3.
cluster size ) 4/12
number of base stations 12*16=192
25 total number of channels 180
transceivers per base station 15
traffic load 10 Erlang/cell
propagation constant ' 4
log-normal fading with standard deviation 6 dB

30
In the simulation, each mobile station was assigned
to that base station for which the path loss was a
minimum (i.e., the strongest received base station).
Next channels were assigned to the mecbile stations in
35 accordance with the 4/12 frequency plan. The channels
were chosen randomly from the set of channels allocated



A preferred enbodi rent of the present invention is illustrated in the

f+eweharts—of—FLGS. 6A-6C. Looking first_at FIG 6A in step 601 a
cell has receiveda request froma nobile station to initiate a new
call 5 .e., connection). Consequently, it is necessary to

al l ocate %vCh nnel for the new connection. In accordﬁﬁgw t he

I nventi on, ﬁggﬁect ed uplink I val ue i s determ ne or "each of
those channels that are assigned to the base station but not currently
being 10 wused on a connection (i.e., the "free" channels). That IS,
an interference value for these free channels may be directly
“measured. An expected C/| value for the call may then be estimated,

using an estimte of what the new cpyinection's carrier. signal
strength will be. Afree 15  channel having a |level of interference that

wWill give a o dach bage behtSon arny &wnmgeditahewﬂltn&ém

I dentified, and Jdesi ted as, an CEE e (step
603). The pre(fe't‘%‘?ﬁt%ﬁ | RYEFER s?% %%Q._ wol"‘&ﬁ g’e beffn ‘g such as
10 dB and hi gheﬁi,rstmspnezatmnusnswméﬁmdfshaanebmimnt-l n an
a' ternative n sYHOE I8! tAk ﬁhﬂawv@muwnet BeatseABiwere 1dRferchannel

in fact, a % best" f th n at has t he hi ghest
G val et aitba e HepBer Al bfdestill thahneldy, a8 enat, sone
station's connewsbide istagdongwere nst its;mda@c@paabbé (brel pethedr free

channel (step QQJa):.s were bﬁggﬁg&) on continues with the flowchart of FI G
6C, which f| r's 6B,

ri
this corresponds to'ﬁﬁg‘ ha’s Bﬁgﬁt%éﬁtﬁ%éﬁi% e?§e %F'f st from
(e.g., 30 f raova), MBe) fodlaewingt simplken dhaemedf raassltgni\em:n anot her

cel | Thisigi { Ualifindys wael XnBHChpbi Kea! NalirdRsCirbRelach pas@bove Wi th
respect to FIG BA, nce it | necessgré a channel for

the "new' (i. t%dtﬁ\?e le te tqatYH'“gl ﬁh&céet"aﬁhc%/% Y344 s
aspect of the vﬁs identd:tmedn Néxt} epadi) bame atatdibadcoppanéd Ghe val ue i s

calculated interference value of the channel having the

lowest C/I value with the uplink interference value on
15 its best free channel. If the interference on the best

free channel was lower than on the channel currently

assigned to the mobile, then an intra-cell handover was

performed. This strategy was performed by all of the

base stations in a round robin fashion. The simulation
20 allowed five reassignments per base station.

For the reasons explained above, the C/I in the
system will depend on the power control method that is
used. In the simulations, different values of f, (see
Eq. (21), which'expreéses uplink power control) were

25 used, while 8, = 0 (i.e., constant power in the downlink;
see Eg. (22)) was used for all cases. For each value of
8., the cumulative Density Function (CDF) of C/I values
was estimated. FIG. 7 shows several graphs of the
uplink C¢/I value at the 10% level (i.e., that C/I value

30 for which no more than 10% of the mobiles have a lesser
value) plotted as a function of 8,. The lower curve 701
shows the resulting curve for the first random channel
assignment (i.e., before any reassignment has taken
place). Without any reassignment, the best performance

35 was obtained for 8, = 0.5, The upper curve 703 shows
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29 det erm ned-for_each of the_free channels for this base .

station. This is done in the same manner as that descri bed above with
respect to step 603. A free channel having a level of interference
that will give a 5 C/lI that falls in a predeterm ned i [.Se t hen
identified%”gﬁﬂﬂﬂgéignated as an "acceptable" free cﬂ%ﬁﬁéﬁkgg?%p 603) .
Agai n, the predeterm ned interval is a range of C/I values, such as 10
dB and hi gher, that woul d be acceptable for a connection. In an
alternative 10 enbodi rent of the invention, the acceptable free channel
Is, in fact, a "best" one of the free channels that has t he hi ghest
C/1 value of all of the free channels. 34 Then, an inter-cel

handover operation is performed, in accordance with well-known
procedures, so 1lthe rémiltting cobvecafteri five reasmignmentssperabasegned to

the acceptabl e (gEatbSpivard aRet"IANEkobagRO Witn the AEKGHERER

continues with t eps_ depicted_in qua
ongoi ng connect i BRASCYiRRS, abovenosdt can pe: geen Sthat FhenbgRt of the
procedures reprepeptermince’An thisSinSfancd ¢4 aehidvedgbpt ginedd 8 a high

Wil now be GecctRBomty (e de3'IeVEL, B3R Fhofbeddf 4y SEBRERRINAREN 5 r o

6C shows the steBB-to be perforned repeatedly, such as once per
second, in each base @b eveil gjrieater ihterastoi®ne PerForannbanin thést,

: h ¢ T ! . i
down 1 nk) and nodPPELERky dite W° a8k BEs Nelle Bhil plasn on, o, o
to substanti al | yuphinkfyessprements st E5G. 8 ig1®)graph sfpthpelpidlevel

Enbodi rznint qg: tggofntl@é\tddﬁhlmglio_fnnbﬁifbﬁgﬁf a&rg@l do@g&céehéﬁlaﬁeuﬂé&h
Ca (20 700 (24h o8 ! S ol Bl AR Bl T ke g
connection, the sureagier dthe fdrst randomi ghanuel raswignmentl (Acpeir]) is
conpared to a si gapbréany Ydadddignmentenaal dakey prdcayl.er k) chRabe
represents a seen from this curve that performance in the downlink
15 without any reassignments was independent of the power
control in the uplink. The upper curve 803 shows the
10% C/I level after five feassignments were made in each
base station. For no power control (8, = 0), the
improvement was almost 3 dB, and with full power control
20 (8. = 1) the improvement in the 10% level was more than
5 dB. Thus, it can be seen that the channel
reassignment strategy was more effective at improving
system performance when the sum of 8, and S, approached a
value of 1. This result was expected from the analysis
25 presented above.

Whether a connection is successful or not depends
on the C/I values in both the uplink and downlink
directions for the connection. It is therefore
worthwhile to examine the distribution of the minimum

30 C/I per connection, regardless of whether that minimum
occurs on the uplink or on the downlink. FIG. 9 shows
the minimum C/I at the 10% level as a function of the
power control used in the uplink. As with the other
graphs, the lower curve 901 shows the resulting curve

35 for the first random channel assignment (i.e., before
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30 mnimum | evel that is_required forthe-cell to cont+nue

serving this connection. If, at decision 617, the received carrier
signal strength on any connection is | ess than the value SS[err], then
execution continues 5 by perform ng a handover procedur epdrdepgoddd®). Most
of t W0 24/298%7 of t he handover procedure are well-known, and need
not be described here in detail. However, in accordance with the
above-descri bed aspect of the i nvention, the handover procedure
additionally includes 10 the steps depicted in FIG 6B. I f, at
deci sion 617, the received carrier signal strength for a connection is
gfeater than or equal to the value SS[err], then for that connection
execution continues at step 621, in whaggh the base station 15

measures the uplink CI value associated with each of t he channel s

t hat are current|any reassignmentohasctaken place)i,. and thetupgeranma s").

The nmeasured val Ugss %ﬁﬁm&h%ﬁe mérﬁﬁegpeyfdbgléﬂ;a%n?hgnfag d££|dﬁgﬁéa0tive

channel havi ng | ue is 1 dent d the
20  "worst acti v%i%&'ms gnments were padp dns Péﬁh6besetﬁ'é@qn-vallk of

the worst active can becls@encithas,t agted 5oremisiginentshetiernddtis in an

accept abl e ragge tQE n t a acceptahl e range
m ght be des?glgnatg%[ as 3 Q._ Q?% %Q 5855&%1%\}2“5 PF ?'hec' WO s?z a?’t’l ve
channel has an ac¥h the repppigruent strakegyyhafitentfive further needs

to be done, ﬁ&aﬁi@dsqoanb&eaeaaatnd Dot aevel exesUdbdidt Sieae D
However, if the v%g active channel has an unacceptabl e uplink 1

val ue, then executl on ‘conti nues at step 625.
The above analysis has focussed on the influence of

10 the power control in the uplink, since g, was set equal
to zero for all of the above cases. Similar results can
also be derived for different combinations of up and
downlink power control. The reason for investigating
the uplink power control together with constant power in

15 the downlink is that this is most similar to the analog
systems presently in operation.

To get a simulation even more like the actual
situation in a system like AMPS or TACS the influence of
discrete power levels was also investigated. In those

20 systems, the mobile stations cannot be controlled over a
continuum of power levels, but instead only have a few
power levels to chose from. Furthermore, the process of
changing power levels is rather slow in these systems.

To get a realistic situation for the simulated

25 snapshot traffic situation, the desired power level was
calculated for each mobile station with 8, = 1. Then,
in order to model the presence of errors that arise from
discrete and slow decisions having been made, an error
amount, Ep.., Was added and the obtained power values

30 were rounded towards the closest available power level. .
The values for &,,., were selected from a triangular
distribution of error amounts &,,.c{-4,4] (in &B). FIG.
10 shows a histogram of the obtained power level
distribution for class 3 AMPS mobile stations (hand-

35 held). For these power levels the rearrangement gains



30 - It is noted at this point that in an alternative enbodi nment
of "the invention, a strategy is adopted wherein an attenpt is always
made to i nprove the perfornance of the worst channel. In this case,
step 623 i s skipped, and execution unconditionally proceeds 35 from
step 621 to ste82625. _ W96/ 29837 '

PCT/ SE96/ 003%§ 96/29837 31  PCTSES6N034} ¢ e
625, an expected uplink C/'I value is determ ned for each of those

channel s that are assi gned

used on a co

interference value for these free channels may be

An expected C1 v
know edge of what the worst active charflel's carrier S|gnal strength

VSRS ok e A seitka e i, 20
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ZADLE 2.

0 itexations 5 iterations
10% level uplink {dB) 18.0 23.1
10% lavel downlink [dB) 17.1 21.0
10% level min of both links [dB} 14.7 19.6

The above results show significant improvements
that were achieved in the simulated system. When
applying the inventive ACA technique to a real systenm,
however, a number of limitations are introduced. First,
the interference situation does not remain static, but
rather changes due to movement of mobile stations, the
addition of new mobile stations to the system and the
removal of some mobile stations from the system. The
inventive ACA method relies on the ability to observe
changing interference situations, but one must accept
the fact that, at least for the present, some of the
interference measurements will be old and therefore
inaccurate.

Additional limitations on the implementation of the
inventive ACA method result from system-imposed
constraints on the number of power adjustments and
intracell handovers that can be performed per time unit.
Such constraints on the number of changes that can be
performed arise for a number of reasons, including the
fact that signalling to the mobile stations affects the
speech gquality, and should therefore be minimized.



In any of the above-described enbodi ments of the I nvention, the uplink

GH—valbve—ef t-he desighated - —accept-able—os—alternatively"best") free

channel is 25 then conpared mnth the uplink C1 value of the worst

active channel (decision 627). If a higher CI val ue exi sts on the
accept abl e ~bhest") free channel than is currentl pR §4 On the
wor st active channel, then an intra-cell handover is initiated so that
the nobile 30 station's connection will be reassigned to the

acteptable (or "best") free channel (step 629). The | oop is then
repeated by starting again at step 615. | f, at decision 627, the
uplink C1 value of the acceptable (or "best") free channel is not
greater than 35 the uplink C1I val ue of Epe wor st active channel, then
WO 96/ 29837 PCT/ SE96/ 00349

32 the ¢ he r égﬁyy] n | mpr oved
upon, and the ltgﬁ;%ﬁéfﬁbrh the é&mﬁ&iiﬂ' %? %?lggaaga|% at step 615.

re
A sinmul ation of ﬁ‘ﬂé"lhtmnFFéée EA(“%?}‘IO# Biso 1§ tﬁgrf ofpRethelessier (o
i nvestigate the tHd Isiﬂlu)lanﬂohhoﬁ the impérfestc powkirc contvbli slowrtsatpposed

2 pre-planned ayen B! RHIY' Lss] UR19K Y TR 8/ lapitiern (o

a systen1haV|ng usfer’
cluster). A %otal of The é—ﬂUﬁ“EFBBtE!% lmm degrribed ungbdreﬁeaen@ o* |ike

surface, that isa gartieathr embodDiést St Howverede wile be seadbnypel sites
surrounding oGRS thabkCBki1lda 'l vl TP thdeSYR! £8 Soddbid
to embody the invention in specific forms other than
those of the preferred embodiment described above. This
10 wmay be done without departing from the spirit of the
invention. The preferred embodiment is merely
illustrative and should not be considered restrictive in
any way. The scope of the invention is given by the
appended claims, rather than the preceding description,
15 and all variations and equivalents which fall within the
range of the claims are intended to be embraced therein.



realization corresponding to a traffic |oad of 10 Erl ang/ cel | was

generated. It was further assumed that 15 the nobile stations were

uni formy distributed t hroughout the system Gven this static
situation, an . i nvestigation of different radio resource allocation
met hods was perforned, including one that corresponds to F?%Qﬁ”%{esent
i nventi on. 983% he sinmulation 20 parameters are sunmary t abl e
1. TABLE 1. cluster size 4/ 12
nunber of base stations 12*16=192 25 t ot al

channel s 180 transcei vers per bass station

15 traffic | oad 10 Eumm \‘\Em \mwm
propagati on const ant 4 Log-n

standard deviation 6 dB 30 In e si mul at'i oh, each nobile
station was assig . to that base station for which the path |oss
was a mnimum (l.e., the strongest received base station)

Next channels wer&- asngn%d°%¥}Q#RFlﬁﬂﬂﬂ“9 icptirp Rysten QEFPrlaéEQrﬁbﬁEE
with the 4/ 12 freguansgcohdncelld,c wHereitl the first el doapeisesndonl y

fromthe set of cb3ppe!gagh! Sfifsh ana a £ir¥P ggﬁffeB%ation, and

PCT/ SE96/ 00349 . 528 base
station. The Pesuberagdscelhicomprinasfosecond base,gtatdem andsacsegend e

that woul d be obt abBe¢lleb¥tation, and wherein further the second cell uses
any one of a plurality of channels on a second
connection between the second base station and a second
mobile station, a method for allocating one of the

10 plurality of channels for use on a first connection
between the first base station and the first mobile
station, the method comprising the steps of:

in the second cell, adjusting total power of the
used one of the channels by an amount AP,, wherein:

15 AP, is equal to a sum of a change in
transmission power of the second mobile station plus a
change in transmission power of the second base station
on the used one of the channels;

AP, has a magnitude that is substantially equal

20 to a magniiude of a change in path gain between the
second mobile station and the second base station; and

AP, has a sign that is opposite a sign of the
change in path gain between the second mobile station
and the second base station;

25 in the first cell, using determinations of uplink
interference values to select an acceptable free channel
from those ones of the plurality of channels that are
unused in the first cell; and

in the first cell, allocating the acceptable free
30 channel to the first connection.

2. The method of claim 1, further comprising the steps
of:
initially allocating a first one of the plurality
35 of channels to the first connection; and



first generation systemusing fixed channel assignnent. In sone cells
t he—nunber of nphile stations were_ larger 5 fhan the nunmber_of allocated

channel s, so that sone nobil e station were not assigned a channel
(i,e., their calls were bl ocked). Wth the sinulated system
initialized as described . above, the follow ng sinple channel

reassi gnmenYOPH2983%L ¢ r at egy was then applied. First, for e&EHS 5’3@3’49
station, the nmobile ternminal having the | owest CYI va

identified. Next, each base station conpared th cal cul at ed

i nt-erference val ue of the channel having the Iowes mn“""ﬂmﬁm,,ﬂ"the
uplink interference value on 15 its best free channél’

interference on the best free channel was |ower than on the"chinntl
currently assigned to the nobile, the@%n intra-cell handover was

performed. This strate rformed by al] of th base ,stations in
a round robin fashion® ﬁ% s?ékﬁ 55%3 §$?Eﬂﬁh f%\ﬂ?qw§9§sﬁéﬁﬁ§n9§eper
base station. of the pFaraliky raﬁsmaaneipLatneni pénminigeaﬁl Iin't:nat-he

system wi | | depeg@lqnhm&owfgs EZJ ﬁl&-s EBRHe&@Péé-. g thew%ggﬁ expresses
&

sinmul ations, diff | ues, o see (

upl i nk power con® OEE uratity happets te the -ac‘EPPt Lec fregonst ant
power in theSsdowehanhel. see Eq. (22)) was used for all cases. For each
val ue of [err], the Cunul ative Density Function (CDF) of C/I values

was estimat ed. FI G 7_shows several graphs of the uplink C'1 val ue at
the 10% | evel (i: Theimethod 9f cladm 1; ovhegpetm the #hep ©fan 10% of the
mobi | es have a | seiecting an adceSptahliet #teaSchannel i¢ccprdiselsethe stBps! over
curve 701 Q,Qws the resulting curve for the first random channel
assignnment (i.e bef gre any reassi gnnent has taken pl ace). Wt hout
any reassi gifnt. thedgkermining amacseptablassebief fuee ehapneds = 0. 5.
The upper curve Yxﬁ&mbomsspective expected2ifBink c/I ratios that are

PCT/ SE96/ 00349 yithin a predetermined range of C/I values; and
selecting, as the acceptable free channel, one of
the free channels from the acceptable set of free
15 channels.

4. The method of claim 3, wherein the step of
selecting, as the acceptable free channel, one of the
free channels from the acceptable'set of free channels,
20 comprises selecting, as the acceptable free channel, a
best free channel from the acceptable set of free
channels, wherein the best free channel has a highest
expected C/I ratio compared to other expected C/I ratios
of respective other free channels in the acceptable set
25 of free channels.

5. The method of claim 1, wherein the step of
adjusting total power in the second cell comprises the
steps of:
30 (a) regulating power, P,, in the second mobile
station so that
w2 = Gu = Ba ¢ 9 [4AB],
where g,, is the path gain between the second mobile
station and the second base station, and a, and 8, are
35 constants;



34 the resulting curve after five reassignnents per base station

were nmade, in accordance with the ACA nethod _ descri bed above. It can
be seen that the best performance in this instance was achi eved for
[err] = 0.6 5 and that the 10% | evel was increased by approximtely 5

dB. O even greater interest is the performance in the

downl i nk, sSWPA@298BE reassi gnnents were only based on tﬂ?‘r’fﬁ"’m’
nmeasurenents. FIG 8 is a graph of the 10% I evel 10 for the downlink as a
function of the power control used in the upli

shows the resulting curve for the first randomc

(i. before any reassi gnment had taken place). [‘Eﬂmmmmmeen
fron1th|s curve that performance in the downlink 15 wthout. am

reassi gnnents was i ndependent of the power 40 control in the upI i nk. The
upper curve 803 shows the 10% C/1 level after five reassignnents were
made in each basdbt aregwtating meweswePwcoln rdle (§emond bage t he

i nprovenent was FexR3bn3s8Beha®rd With full power control 20 ([err] = 1)
the inprovenment in the 10% evel s_nore phan dB. Thus, it can be
seen that the channel reassi ginerfte StPat’efy 88 nore effectlve at

| mprovi ng syhere peramnd fgreome Mtahtssumd)f [err] and [err]
approached a val of s X é%g+g sis 25
pr esent ed abosve © w%lgf}ke:rf con %??gﬁ P@%@cess Fa%gtkié
depends on Eh&uW L8y LPéé‘s ﬁ bE? IPnRr%ﬁtWQ%kcms‘:ant'
directions for the connection. S therefore wort hwhil e to exam ne
the distributiongf t er o t r

whet her that m nlsorrum &ﬁenhg{éigﬁg]sg%nc t%ién E’p |n ﬁo%@fgeﬁi#hq%gdﬂ G 9
shows the niSHMSEAPE fSal-the 10% | evel as a function of the power
control usedaon the uplink. As with the other graphs, the | ower curve

901 shows the resul tigg QUENEI1uFR: cduunliBEeibh SLy ORI UBGHANIR, 23Rkenment

(i.e., before
and second cells, wherein the first cell comprises a
first base station and a first mobile station, and the
second cell comprises a second base station and a second

15 mobile station, and wherein further the second cell uses
any one of a plurality of channels on a second
connection between the second base station and a second
mobile station, an apparatus for allocating one of the
plurality of channels for use on a first connection

20 Dbetween the first base station and the first mobile
station, the apparatus comprising:

means for adjusting total power of the used one of
the channels in the second cell by an amount AP,,
wherein: .

25 AP, is egual to a sum of a change in
transmission power of the second mobile station plus a
change in transmission power of the second base station
on the used one of the channels;

AP, has a magnitude that is substantially equal

30 to a magnitude of a change in path gain between the
second mobile station and the second base station; and

AP, has a sign that is opposite a sign of the
change in path gain between the second mobile station
and the second base statipn H



PCT/ SE96/ 00349 - 35 any
r-eassignment-—has_taken place), andt{he—thipoi—ctiiie — 903—shows—the——m—

m nimum C/ 1 value at the 10% | evel after five reassignnents were nade
i n each base station. It can be seen that, after 5 reassignnents, the
best 5 perfor was obtained for values of [err] cl oppriPocho3e9 and
that the rE§E§&8§ nt strategy, after five Iterations, increased the
10% | evel fromabout 14 dB to 20 dB. The above anal ysis has
focussed on the influence of 10 the power control in the uprink;—since
[err] was set equal to zero for all of the aﬁmmmﬂﬂ
results can al so be derived for different co 'mmmm' End
downl i nk power control. The reason for investigat |ng Y the wpl+ nk power
control together with constant power in 131 the downlink is that this is
nost simlar to the analog . systens presently in operation.

To get a sinulation E?Eﬁsnﬁ?’é ‘F?iﬂg daterainations of;wpbinlon in a system
| i ke AMPS or TA@stbhcereﬁbuewmﬁ collectiefCift €hpOoPfFst el s ts al so

i nvest i gat ed. g e S : I cannot

control I ed over © Tl edt ag a?cﬁﬁé%ﬁo? f%wercg%g'\&/'gﬁsﬁ'gﬂte?%ﬁ A rﬂqs t;ﬁ'ﬁve a
f ew power Pé%h%itn efiochanneks M azernusedhin pkke dtirstt cell;
changi ng power lggel s is rather slow in these systens. To get a

realistic situation for thg r%i qéHP snapshot #ra fic gitu Ht n, the
desired power |evel Wgans ror é% fBe 8s ﬁpgﬁB fe Eﬁ%uéhﬁ? % Yerr]
= 1. Then, the Sivst cgnnemkionlwm|&h@sanc§toceélsors that arise from

di screte and sl ow deci si ons havi ng been nade, an error anount, [err]

was added and the obtai ned po s ,30 re. rounded }owards the
cl osest avail abFé ponef ?89£¥¥€ ds 'Y 'Hasd’7, $ienb? comprising:
10 means for initially allocating a first one of the

plurality of channels to the first connection; and
handover means for performing an intra-cell
handover of the first connection from the first one of
the plurality of channels to the acceptable free channel
15 if the acceptable free channel is not the first one of
the plurality of channels.

9. The apparatus of claim 7, wherein the means for
using determinations of uplink interference values
20 collected in the first cell to select the acceptable
free channel comprises:
means for determining an acceptable set of free
channels having respective expected uplink C/I ratios
that are within a predetermined range of C/I values; and
25 ~ means for selecting, as the acceptable free
channel, one of the free channels from the acceptable
set of free channels.

10. The apparatus of claim 9, wherein the means for

30 selecting, as the acceptable free channel, one of the
free channels from the acceptable set of free channels
comprises means for selecting, as the acceptable free
channel, a best free channel from the acceptable set of
free channels, wherein the best free channel has a

35 highest expected C/I ratid-cpmpared to other expected



The values for [err] were selected froma triangular di stribution of
error amounts [err]ferr][-4,4] (indB). FIG ______10 shows a.histogram of

t he obt ai ned power | evel distribution for class 3 AMPS nobil e stations
(hand- 35 . held) . For these power |evels the rearrangenent gains

WD 96/ 29837 _ PCT/ SE96/

36 arWOgsRMWA7 i n Table 2. Looking at the results of tggﬁé’n%mosﬁ? ni mum
of both the up- and downlinks, it can be seen that the reassi gnnent
gain is 5 dB conpared to 6 dB for perfect power control. Thus, the

I nventive technique 5 yields significant inprovenents even in systens such
as AMPS and TACS, where the nobile can only be controlled anong
di screte power |evels. TABLE 2. 10 ,, 0
itérations 5 iterations 10% | evel up1|nk [dB ] 18.0

m n of both |inks e The above results show
significant inpr pble set;offxee FhamedBed in the sinul ated system

When appl ying the inventive ACA technique to a real system
hovever, a number, of Il baLhPREud" & | L4 A U5 CUneFbLi! tnd Shearid'¢or
L}a?tlon 0es  no but

i nterference sit ' rat her chair;.gi%l due

23.1 10% | ewﬁdgﬁwkkzgs[fiﬂpeﬁ{a\ée 1305?:h3er free chanréld) in thel0% | evel

remaln static,
to movenent & n@diuvsting: pgﬁg} pever of the used one of the channe

the second cell comprises:
(a) mobile power regulating means for regulating
power, P,,, in the second mobile station so that
Pw = @, = Ba * 92 [dB],

10 where g, is the path 'gain between the second mobile
station and the second base station, and a, and §, are
constants;

(b) base station power regulating means for
regulating power, P,, in the second base station so that

15 Py = & = B, * 9n [AB],
where a, and 8, are constants; and

(c) control means for ensuring, during operation
of the mobile power regulating means and the base
station power regulating means, that a sum of §, plus £,

20 is equal to a predetermined constant.

12. The apparatus of claim 11, wherein the
predetermined constant is 1.

_—

O A



addition of new nobile stations to the system and the removal of sone
nebite—stations fromthe system Theem——inuventive ACA nethod relies on

the ability to observe 25 changi ng interference situations, but one mnust

accept the fact that, at |least for the present, sonme of the
interferenc enments will be old and therefore ' e.

Addi ti onal PW ons on the inplenentation of the 30 %@@ ACA

nmet hod result from systemi nposed constraints on the nunber of power
adj ustnents and intracel | handover¥%& hat can be perforned per tine
urb t. . Such constraints on the nunber of changes that can be

performed arise for a nunber of reasons, including the 35 fact that
signalling to the nobile stations affects the speech quality, and
shoui d therefor el Ti Z G0 WO 96/ 29837

PCT/ SE96/ 00349 3:Lz-£:;7__4? 37 100 Fur t her nor e,
the conputing €apacity/of the Mobil Switchi\ag Centerg (MSC) is al so
| imted. Nonethel ess, the sindil ation of the i erfe;ﬁégomer cont rol
shows t hat even for this ca _ paci ty ins dre feasible. 5
The invention has been describedwith refefence to a particular
enbodi nent. However, it wll b apparent\to those skilled in
the art that it is/possible Ae inventfon 1n speciNc forns
ot her than those of the pre{erred epbodfjnment debcribed above. \This 10
may be done w thout departing frommthe spirit of t inventio The
preferred enmbodf nent isan%rely illustrative and shoul not be
considered resArictive

3\
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any way. The scope of the invention is given by the appended cl ai s,
rather than the preceding description 15 _and all variations and

equi val ents which fall within the range of the clains are intended to
be enbraced therein. _ WO 96/ 29837

PCT/ SE96/ 00349 CLAI VEB: 1. In a cell ni cation
systenlconﬂppgﬁﬁﬁs?irst and second cells, wherein ﬁhgkﬁﬁggﬁakell
conprises a first base station and a first nobile station, and the 5
second cel | conprises a second base st&{$on and a second nobi | e
station, and wherein further the second cell uses any one of a
plurality of channels on a second connection between the second base

station and a second station, a nmethod for allocating one of
the 10 plurali use on a first connection bet ween
the first base gtation and the firstN\obile station, the nethod
conprising the/ steps of: i M\the second cell, adjusting total
power of the used one of the chanRels by an anmount [ERR] wherein: 15
[errr] is egQ \ransm ssi on power of the

second nobi fe station plus a hangq i n tryapsy ssion power of the
second basef steat i on «0n the onel of the chagness;

[err] has al magnitude thés is su i y egdual : to a magni tude of a
change i n phtltgggai n bet weey t he secpnd /mabi | e ati on and the second
base station; and as f ‘ IS opposite a sign
of the change in pathga bet ween/th

|N
e
- -]

y—
b=
o
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and the second base station; 25 in the first cell, using

det erm nations of uplink interference values to sel-ect—ar—aceeptable—
free channel fromthose ones of the plurality of channels that are
unused in the first cell; and inthe first cell, allocating the

acceptable free 30 channel to the first connection. 0600349  1he
met hod of WOHRBT further conprising the steps of TCTE
initially allocating a first one of the plurality 35 of channels to the

first connection; and WO 96/ 298837
PCT/ SE96/ 00349 39 if the
acceptable free channel is not the first one of the plurality of
channel s, then performng an intra- cell handover of the first
connection fromthe first one of the plurality of channels to the
acceptable free 5 channel. _ 3. The nethod of claim1, wherein the
step of sel ecting an acceptable free channel conprises the steps
of : 10 determ ning an acceptabl e set of free channels havi ng
respective expected uplink CI ratios that are Wi thin a predeterm ned
range of C/ I values; and selecting, as the acceptable free
channel, one of Y T | T ; T =]
---...:- satse s -é- E.-.--.-. oy 8
T+
B
e=
b
=
—t
S
S—
S
o
&
2
=]

C/T DOWNLINK (dB)
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the free channels fromthe acceptable set of free 15 channel s. 4.

Ehe _oethod of claim3 wherein the step of. selecti ng—as—the-
acceptabl e free channel, one of the free channels fromthe acceptable
set of free channels, 20 conprises selecting, as the acceptable free
channel , a best free channel fromthe acceptable se}cﬂ%%%éaﬁg
channel s, W83t he best free channel has a hi ghest cted 1
rati o conpared to other expected | reyios of respective other free
channels in the acceptable set 25 of *®ree channel s. 5. The

met hod of claim11, wherein the step of adjusting total power in the
second cell conprises the steps of: 30 (a) regulating power,
P[err], in the second nobile station so that where g[err] is

t he path gain between the second nobile station and the second base
station, and a[err] and [err] are 35 constants; WO 96/ 29837
PCT/ SE96/ 00349 40 : (b)
regul ating power, P[err] in the second base station so that

10

S T Y Y T T
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Plerr] = aferr] - [err] g[err] [ dB] where aferr] and [err] are

eqnstants: _and 5 (c) while.perfarmpng.steps (a)-(h) _ensuring that
a sumof [err] plus [err] is equal to a predeterm ned const ant . 6.
The nmethod of claim5, wherein the predeterm ned constant is 1. 10

7. In a cellular comunication system conprising first and second
cells, whe™®9%29832 fjrst cell conprises a first baBEYPHMPE, and a
first nobile station, and the second cell conprises a second base
station and a second 15  nobile stati dd8 and wherein further the second
cel |l uses any one of a plurality of channels on a second

connection between the second base station and a second nobi | e

for use on a first connecti

s_t'ati on, an apparatus for alfl OCgECﬂgEorﬂﬂ?)%Lﬁ'f’q{UE t jaf%oﬂtl Ey of cgamel S
t VegaM irs Station an e

first nobile station, |the app i sing means for
adj usting total power of the—usad—eﬂgﬁyﬂ§5?ﬁﬂ@ﬁfheﬁch nnels in the second
cell by an anount [err] wherein: 2 [err] |s equal to a
sum of a change in -S54 6 ation
plus a change ifn transniDgNTIEn PASBEPTABLE hEREEe CHANNDhase _s

on the used one of the champagINs, ACCEPTABLE UPLINK CAPAMaE a magni tude t hat
is substantially equdl_30 to a magnitude of a change in pat gai n between

t he second nobile station and the Second base station; and

AP2 has a sign that is opposite a sign off the

bet ween the second mo

WD 96/ 29837 ASSIGN ACCEPTM%LE FREE
0

MOBILE STATION

/T = 2 T0 FIG. 6¢

change in pat h gain

tgt.Lon;
BHANNEEO6/ O tuh

RECEIVE REQUEST 10
ACCEPT HANDOVER OF A | 607
CALL FROM ANOTHER CELL

1

IDENTIFY “ACCEPTABLE" FREE CHANNEL 4609
HAVING ACCEPTABLE UPLINK C/I VALUE

PERFORM INTER-CELL HANDOVER SO

THAT MOBILE WILL BE REASSIGNED }—6t
TO ACCEPTABLE FREE CHANNEL

-fq- 45 _ TO FIG. 60
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41 means for using determ nations of uplink I nterference

values collected in the first cell ta —gRlect an acceptable—+f+ee
channel from those ones of the plurality of channels that are unused
ikn the first cell; 5 and : means for aIIocating-the accept abl e
free channel to the first connection in the first ¢oosas 8- The
appar at us WP%PMW 7, further conprising: 10 nmeans or |n|t|aIIy
allocating a first one of the plurality of channels to the first
connection; and handover neanggfor performng an intra-cel
handover of the first connection fromthe first one of the plurality

of channels to the acceptable free

channel is not_the first opne of

TFhe appar at Uﬁ of claim?7, wherein
t

Tapnel 15 I f the acceptable free
e FROMrality of channels. 9.
EHSSEN OR 68 usi ng determ nations

of- uplink intlerference values 20 cuofTected in the first cell to select the
accept abl e free channel conpri Sgs: nmeans for determ ning an
acceptable sqt of free chaoie FE fﬂpwﬂg,‘mySpective expected uplink I
ratios tlhat are withf n goANEMR! FBW gdrHARoe of,.C/ | values; and 25
means for sellecting, as the agpepimP C@N FCIEON h/eh énel, one of the free
channel s from t he acceptapl e +nZ§ hreé drfannel s. 10. The
apparatus of fcl aim9, whefei nQﬁb 'ms r 30| selecting, as the

accept abl e frlee channel, one of the Tree channels fromthe acceptable
set of free channels conpri-ses _%Eans [ cceptabl e
free channel , a best free 64 p of 6 free
channel s, whefein the bes Hf%@ eh’ @I

rati o conpared to other expes TO NEW CELL

IDENTIFY “WORST® ACTIVE CHANNEL
HAVING LOWEST C/I VALUE <

621

"WORST”
ACTIVE CHANNEL
ACCEPTABLE ?

IDENTIFY “ACCEPTABLE"™ FREE CHANNEL
HAVING ACCEPTABLE UPLINK G/ VALUE |

625

UPLINK G/1 UPLINK C/1
0OF ACCEPTABLE OF WORST
FREE CHANNEL ACTIVE CHANNEL

?

PERFORM INTRA-GCELL
HANDOVER SO THAT MOBILE
WILL BE REASSIGNED TO
ACCEPTABLE FREE CHANNEL

N
629
SUBSTITUTE SHEET (RULE 26)




WO 96/ 29837
42 Ll

acceptabl e set of free channels.

wherein the neans for

channel s in

-5
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ratios of respective.gther free channels in the

11. The apparatus of claim7,

adjusting total power of the used one of the

]e power

t he second cell conprises:
regul ati ngwﬁ’e’oflﬁg”?or regul ating power, Plerr], in %@g?g@gﬁd nobi | e
station so that

glerr] [ dB ],

10 where glerr]

station and the second’D

const ant s;

regulatlng powes ,

Plerr] = aferr

are constants; 2and....

e

zz

operation
station power
equal to a pre
wherein the =

C/1 UPLINK @ 10% COF (d8)

C/I_OOWNLINK @ 10% COF (d8)

]

2
20
18

[err] [err] g[err] [dB]

17
16
15

25

24
23

19

18

Plerr] = a[err]

tation power

- (iC).. cantral

e s ccopoemismec o umen u il

- Jerr] [err]
is the//Bath gain between the second nobile
i¥n, and a[err] and [err] are
regul ating neans for

mhere a[err] ‘and err]
L ensurtng, i.dur.i.hg
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