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1 METHOD AND SYSTEM FOR CHANNEL ALLOCATI ON USI NG PO/\ER CONTRCOL AND

| LE- ASS| STED HANDOVER MEASUREMENTS 5 BACKGROUND
The preseanWéW| on relates in general to base radi ocommm'num_smnsn
systens and, in particular, to channel allocation conbined with power
control ina mobile radio communi cation system 10 The concept of
frequency reuse is at the heart of cellular technol ogy. In the
conventional sense, frequency reuse "is a techni que whereby groups of
frequencies are allocated for use in regiobs of |imted geographic coverage

known as cells. Celils containing 15 = equival ent groups of frequencies are
geographically separated to allow call ers in di fferent cells to _
si nul t aneously use the MEITHOD AN SYETEM FoRU Tgthh each

ot her . By so -doin \ of subscri ers served by a
system of 20 only se\ E&? %ﬁﬁﬁ#e@ﬂf@%m LET\%S%&T% and
operation of such a systemis dcHANDOVER i MEBSUMIEN.TS entitled Advanced

Mobi | e Phong Service by Blecher, | EEEMS on Vehi cul ar Technol ogy,
Vol . VT29, No. 2, May. 1980, pp. 238- commonly as the AWPS 25

system this system é?rf%ted-n‘@nﬁlw relatex inhgenéral tocbake
frequency spect mﬁccdﬁm'ii%#tildﬂ de¥stems and, in particular, to

channel allocation combined with ' power control in a
mobile radio communlcat:l.on system.
10 The concept of frequency reuse is at the heart of
' cellular technology. In _the conventlonal sense,
frequency reuse is a technigque whereby groups of
frequencies are allocated for use in regions of limited
geographic coverage known as cells. Cells containing
15 equiyalent Qroups of frequencies are geographically
separated to allow callers in different cells to
slmultaneously use the same frequency without
interfering with each other. By so doing many
thousands of subscribers may be served by a system of

20  only several hundred frequencies. The design and
operation of such a 'systenm is descr:Lbed in an article
entJ.tled Advanced Mobile Phone Service by Blecher, IEEE
Transact:.ons on Vehicular Technology, Vol. VT29, No. 2,

- 'May, 1980, pp. 238-244. Known commonly as the AMPS

25 - system, this system had allocated to it by the FcC a
block of the UHF frequency spectrum further subdivided
into pairs of narrow frequency bands called channels.
Palring results from the frequency duplex arrangement

' whereln the transmit and receive frequencies are offset

30 by 45 MHzZ. At present there are’ 832, 30 kHz w:.de,
| channels allocated to cellular mobile communications in
the United States. A table of the frequencies
ded:.cated to moblle commun:.cat:.ons in the U.S. is shown

in F:.gure 1. It is worth n_ot:.ng at this point that of

35 the 832 available channels, there are 21. control
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into pairs of narrow frequency bands called channels. Pairi hg results from
the fre pl ex- arrangenent wherein the transm+t an 7

frequengyesg%"rsgbjoffset 30 by 45 MHz. At present there are @é 30 kHz ¢
wi de, channels allocated to cellular nobile conmunications in the United

St at es. A table of +the frequencies dedicated to nobile

communi cations in the U S is shown in Figure 1. It is worth noting at this
poi nt that of 35 the 832 available ghannels, there are 21 control

2 channel s dedi cat ed each to the A-carriér and the B- carrier. These 42

control channecl:ﬁ ﬁ)ﬁ&/é d87§%égﬁghl r%fa(yma‘% oghgng_%gg.g.q_telb P g"LO? voi ce

traffic. The Tenainrn nown as VoI cé or

channel s, car rt‘ialrlhlbelbur dePhese y di2c coontrohi chanpelsn prevideusysfes vi ded

between the A-GagsiRitoon e Sanko rueruse&\ﬂ&rtvdita@uﬁ&rucanmecess at
| east hal f of the avail ahl e ggnneli 395. " Wth.regard t 'I;E%A syst ens,
such as speci fTERIRARG e 1980 SgBanpg 5ar ok"‘i‘ff‘ as xgic ha‘?ﬁlel &% urt her

di vided imto scha]ssptcarryl thesburdennoé, vaigev communicaiionac ands 3x395,
or 1185, "changelSequkity advihiely w&e&%éeﬁsmm Ohna?Rke 1O
- carrier. A particular user can access at least half of
the available channels, or 395. With regard to TDMA
systems, such as specified by the IS-54B standard,
10 these channels are further diVided into 3 time slots.
In this instance, a giyen user can access 3x395, © ' '
1185 “channels"
Link quality is the benchmark of any radio
communication system. To provide high quality voice
15 communication the desired signal in a cellular system
o must maintain a minimum signal strength above all other
interference. The ratio of the desired Signal to the
interference is known as C/I. Aside from noise, which
is omnipresent, there are fundamentally two other types
20 of interference with which a .designer must contend.
' The first of these 'is interference arising from users
simultaneously operating on the same channel. This is
known as co-channel interference. 'rhe second source of
" interference is from users operating on adjacent
25 - channels. This is known as adjacent-channel-
interference. . Adjacent channel’ interference is
controlled by selecting the frequencies in a given cell
to be separated by large frequency increments, e.g.,
- 200 kHz, and by using_ sharp_. cutoff in the channel
30 filters in order to obtain a high adjacent-channel
' suppression. co-channel interference is reduced by use
of a frequency reuse pattern' which geographically
separates cells with the same frequencjf group. An
example of an ideal seven cell frequency reuse pattern
35 is shown in Figure 2(a).
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communi cation system To provide high quality voice 15 communi cati on
the desired signal in a cellular systemmnmust maintain a mnimmsigna
stirengt h al3¥0@s/248it0 ot her interference. The ratio of the deworasosepml to

the interference is knowmn as CI. Aside fromnoise, which is omipresent,
there are fundanental ly two ot her types 20 of interference with which a
desi gner nust contend. The first of these is interference arising from
users sinmul taneously operating on the sanme channel. This is known as
co-channel interference. The second sourcesof interference is fromusers
operating on adjacent 25 channel s. This is known as

adj acent - channel i nt erfrecprency pla‘hhaigantlschﬂwelproﬁegﬁfeb?ncﬁhﬂzﬁ

arge froquency Iaranadl® CAEMEDE Se SsBdhKS" & doilh FREE FhE e

channel 30 fi mehwork, or%rrqfl?-l&ot mqstafmeg]uewyapunndngnw done a

suppr essi on. Co- giakial; ithat! i ANedxed TRAURACHY pIaf 9k AnabAGHERGYn CUSe
pattern whi 31 geq eﬁfl ‘cal B% separ ates_ cel | e samne re uency group.
An exanpl e TR, ?ﬁﬁ’S@“p&PFEPFPES s sh8wn in
Figure 2(a). _ &nown as fixed channel allocation, or FCA. However, as

interference and traffic load are time varying, FCA is
not optimal. As shown in Figure 2(b), highways which
bisect cellular- boundaries may have significantly
10  differing traffic patterns depending on location and
time of day. Some roads may have significant
automobile traffic in the morning and very little in
the afternoon. As a_resﬁlt, most fixed frequency plans
_ are not very efficient; many channels in a fixed
15 frequency plan will have a much better link quality
than is necessary to aehieve high quality voice
communication'while-ﬁany-others in the same system will
suffer from poor link quality which might force them to
be dropped or blocked. A capacity increase could be
- 20 obtained by some form of channel allocation where all
of the links have equal quality. Because of the time
varying nature of the interference, an adaptive scheme
must be used.

Adaptive channel allocation, or ACA, is a method
25 of dynamically aliocatinq' frequencies throughout a
' 'cellular sYstem-to maximize system capacity. Under an
ACA scheme, more frequencies would be allocated to busy
cells from more lightly loaded cells. In addition, the
_ channels can be allocated such that all 1links have

30 satisfactory quality. - '
' The concept of ACA is well-known to those skilled
in the art. Many publications have illustrated the
potential for ACA yet do not discuss specific
strategies. For ' example, "Cépacity_ Improvement by
35 Adaptive Channel Allocation®, by H&kan Eriksson, IEEE
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Frequency planning is the process by which individual channels are assigned
to cells within the network. Currently, nost frequency planning is done a
priori;wown4s® a fixed frequency plan is "hard-wired" SPCT/US0213ce by
each cellular systemoperator. . This is known as fixed channel allocation,
or FCA- However, as interference and traffic |load are tine varying, FCA is
not optimal. As shown in Figure 2(b), highways which bisect cellular .
boundari es may have significantly 10 differing traffic patterns.

depending on location and time of day4 Some roads may have
significant autonobile traffic in the norning-and very little in the

af t ernoon. AsGaobalule¢lecomn. fComtl. ; Noyue28yDeicand ;al888etPRerl3%8fi ci ent ;
meny channel sysBod §h¥gdelates ERBILEBEYIEY aﬂaﬂnyaﬁ@d@lé’t&'%mtéer i nk

qual ity than ~TS fheceSsary to _achieve quallt vol_ce conmuni cati on
- whil e many ot Reddulart Hédé-&nEYﬁ?Femq o ARty

\le (2:8 m gthf%ﬁhﬁhm”I&f EHERI Iy bi:Dchase Ataaplanst.y incremse coul d .
obt ai Qne form. a I h i nk
rave cqu q“iﬁ”ﬁf%?ﬁgeﬁim; m%éaféﬂi%a%?%%’@§¥ %jg é;ﬁ a0 ehoe.
an adaptive sqheddtyu Qe t ADA ShaNNEL Sy [Arec ASspgn ACA is a
method 25 @f,od040aHECEE! e PAELLAY ithk CHRAGHRAC WatN! h.nausbeuésa €pt! ul ar

systemto naximze system capaC| ty. Under an
level. .

Another ', a_pproach . is _desczjibeq . by . G. Riva,
10 "performance Analysis of an Improved Dynamic Channel
Allocation Scheme for Cellular Mob_ile Radio Systems", ‘
42nd IEEE Veh. Tech. Conf., Denver, 1992, pp. 794-797
where the channel is selected based .or§ -achieving a
 quality close to or little better than a required C/I
15 threshold. Furuya Y. et al., nChannel Segregation, A
Distributed Adaptive Channel ,Allocatibn- Scheme for
Mobile Communications Systems", Second Nordic Seminar
on Digital Land Mobile Radio Communication, Stockholm,
October 14-16, 1986, pp. 311-315 describe an ACA system
20 wherein the recent history of 11nk quality is
considered as a factor in allocation decisions. In
addition several hybrid systems have been presented
where ACA is applied to a small block of freguencies on
top of an FCA scheme. . Such an example is presented in
25 Sallberg, K., et al., "Hybrid channel essignment and
reuse partitioning in a cellular mobile telephone
system", Proc. IEEE VIC ’87, 1987, pp. 405-411.

A common den_omi_hater for all of these ACA systems
~ is that they allocate a channel out of the set of
30 channels which fulfills some predeterm:.ned quality

criteria. The difference in each is how the channel is
chosen out of the set. Apart from increases in system
capacity, adaptive channel allocat:.on obv:.ates the need
for system planning. . Planning is 1nstead performed by
35 the systenm 1tse1f ; this is partlcularly attractive when
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ACA schene, nore frequencies would be allocated to busy cells from mor e
| ght |y | oaded cel I s. In addition, the channels can be allocated such that

al'l 1inks WRYBMYO  satisfactory quality. The concept of AREI/ISISMRSYT- known
to those skilled in the art. . Many publications have illustrated the
potential for ACA yet do not discuss specific strategies. For

exanpl e, "Capacity |nprovenent by. 35 Adaptive Channel Allocation", by
‘Hakan Eriksson, |EEE WD 95/ 24810 4 d obal Tel ecomnm Conf., Nov. 28-Dec.
1, 1988, pp. 1355- 1359, illustrates the cdpacity gains assom ated with a

cellular radio systemwhere all of the channels are a conmon resource
shared by al| baS¥S§eBt FBaRgesmaracimplenenkrd ar-nevchase stabionsare
nobi'l e neasures tAdead.gnal quality of the downlink and channels are

sesianed on the Das! \3heRhc iyl N ot Ml 5" lesty Sloeve!
of an I nproved Dar&nin @hhl:mbﬂerYSMSon mheﬁarfexaﬁpléulwleta"&emtRadi 0
Systens", 43“0' | ECEekciesTec wett et &X'V CHithORBe, PRhe’ BhwEd of the
transm.tter is varied according to the needs in the
receiver. In general, there are two types of adaptive
- - power control schemes: the C-based and the C/I-based.
In the C-based schéme, the signal strength level at the
10 receive side is maintained at a predefined level. As
soon as the (average) received signal strength deviates
from this 1evé1, the transmitter is ordered by the
receiver to increase or decrease its transmit -'power.
C-based APC only respb_ndé to changes in the path loss
15  whereas C/I-based APC tries to maintain a predefined
C/I level at the receiver. In addition to changes in
the path losses, changes in the interference condition
also result in the transmit power being adjusted.
. The conventional allocation algorithms described
20 - above base their decisions on the knowledge of which
.channels are used by which base stations and then
-attempt to optimize the quality in each link. However,
they do not take advantage of the possibilities offered
by  adaptive power control in- the mobiles and base -
25 . transmitters. . _ _
In a TDMA environment, the allocation decision
" includes more than just a selection of the base and
channel combination. Since TDMA channels are broken up
“into time slots, the allocation. decision should also
30 take this into account. U.S. Patent 4,866,710 to
Schaeffer, for e'xamplé, describes a method of
"allocating frequency. and timeslots to mobile stations
“such that all the timeslots on a given frequency are
filled Dbefore allocating timeslots on another
35 frequency. Although s_eemingly efficient, this scheme
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where the channel is selected based on achieving a quality close to or
little better than a required C/1 15 threshold. Furuya Y. et al. , :
" Channel weg§nréiat i on, A Distributed Adaptive Channel Al | RCIV¥S9SNOBdhene for i
Mbbi | e Comuni cati ons Systens", Second Nordic Seminar on Digital Land

Mobi | e Radi o Conmuni cation, Stockhol m - Cctober 14-16, 1986, pp. 311-315
descri be an ACA system 20 wherein the recent history of Ilink
quality is considered as a factor in allocation decisions. In addition
several hybrid systens have been presented where ACA is applied to a small

bl ock' of frequencies on top of an FCA schenme. Such an exanple is presented
in 25 Sal | bives ret censdider thipbcontribubibnesse dntenfexehaecand

bar i ti oni N9 i g CEbkUIclind Tl Crhe! BOBRIBITIRYCHE EAAFLITECRWEE

1987, pp. 405 conmon nom nat or all of: these A St ens | s

that they all ReR®@lchannel out of the set of 30 channel s V\:hl ch
“fulfills sonme predetermined quality criteria. The difference in each is how
t he channg i s chosen out of the set. gﬁ%;from i ncreases in system

capaci ty,” adaptive channel allocation es the need for system

pl anni ng. Pl anni ng I isdhemefone enpbjpgt36f the presentednventlion this is

particularly 34:6 "Gdvide Whthod for dynamically allocating channels

in a communication system which maximizes system

capacity while m:.n:._m_izuzg the transmitted power of the

10 mobile radiotelephones. It is a further object of the
' present invention to take advantege of measurements ( :

made by the mobile radiotelephones in determining link

quality. It is yet another object of the present

invention to enable hattefy operated radiotelephones to

15 enjoy extended hattery life by reducing the transmitted
power. .
' The control scheme presented herein adapts to the
current traffic and interference situation in a
communication environment in order to optimize the
20 quality of each link and maximize ‘the overall system
B capacity. The status of the 'cu_rrent traffic and
interference condition is derived from measurements
taken both by the mobile station. and the base station.
The channel allocations are periodically updated to
25 ensure that, on average, the least amount of transmit
power is used on the channels. Once a channel has been
allocated, the adaptive power control scheme tries to
maintain a satisfactory link quality with the minimum
amount of radiated power. Since the -adaptive power
30 control and the adaptlve channel allocation form one
integrated process, the term adaptive channel
allocation and power cor;tr_:ol, Qr ACAPC, is hereinafter
adopted to describe the present 'invention'. The present
invention is not restricted to a particular type of
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5 system changes are inplenmented or new base stations are added. Adaptive
power control, or APC, is also-a known art in cellular systens. See, for
exanpl e, UVWD 8Nt 5 4,485,486 to Wbb et al. Wth APEBCTIOSES/BSIer of
the transmitter is varied according to the needs i'n the receiver. In
general, there are two types of adaptive power control schenes: the C- based
and the C/l-based. In the C based schene, the signal strength |level at the
10 receive side s maintained at a predefined level. As soon as the
(average) received signal strength deviatesfromthis level, the
transmtter is ordered by the receiver to increase or decrease its transmt
power. C-based ABGcﬂdsyschenendndtcanMe;mfore ecappliieioegquakly, fwmereas

C/ 1 -based APC trig t ef | I gheceiver. In
addition to changg‘s%m&ﬁ thler'%pa ossg‘;i ﬁﬁg% Ihkﬁi‘:ﬁ.h Qk rgﬁer ence
condition al so resul t ImexpEplagksembodinents of, $he present impention,
conventional all oz Aridd mdtheas efYddue 20 charie) ctiiet cminbhizes

decisions on th w edge h I d whi ch

stations an® '{:hg noPé’%ﬁggﬁo{:EﬁPﬂ#Egpgﬂggﬁaaﬁﬁ}use é%ﬁeﬁ:'ﬁ hg%ﬁvﬂ}%r
they do not takepethiodizadlyl peefpomedpiliti eksotﬂmdntd)ywaeapervetmv\er
control in the m&tyelr%% 29320258 t2 power! WABSThlbBAS10w, or that another

channel can be found on which the transmit power can be
' even lower. Between channel updates, the APC tries to
10 maintain the required C/I level in the receiver. The
' scheme ensures minimizing the transmit power which not
only reduces interference to other channels, but also
. serves the laudable goal of extending the battery life

of handheld mobile radiotelephones.

15
These and other Obj ects, features and advantages
of the present invention 'will be readily. apparent to
one skilled in the art from the following written
20 description, read in conjunction with the drawings, in

which: :
Figqure 1 is an illustration of the allocated
frequency spectrum as per the U.S. standard I15-54B;
Figure 2a is an exemplary illustration of a .
25 frequency reuse pattern as employed in a fixed plan
cellular system;
' 'Figure 2b is an exemplary illustration of the time
dependent characteristics of cellular system loading
which illustrates the need for an adaptive channel
30 ' allocation according to the present inventien;
Figure 3 is an illustration of uplink and downlink
- interference; :
| Figure 4 is a flow chart illustrating the basic
operation of an exemplary embodiment of the present
35 invention; ' |
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In a TDVA environnent, the allocation decision includes nore than just a
sel ection of the base and channel conbination. Since TDKA channels are
broken WO 954810t i ne slots, the allocation decision shoul BCHUS%5/02%7 t ake
this into account. US. - Patent 4,866,710 to Schaeffer, "~ for- exanple,
describes a mnmethod of allocating frequency and tinmeslots to nobile
stations such that all the tineslots on a-given frequency are filled
before allocating tinmesiots on another 35 “frequency. Although

seemngly efficient, this schene -6 dees not consider the contributions |

to interference and does not consider the possibility of adaptive power
control. 5 Figure 5 is a flowcharisUiAlmstratingt thectpldnkn obj ect

Channel & i n- raLLBEELoR ool Oy 6o Sl Matiip ity SRR D o R e
mnim zi ng t RXeseRE dRYRREHMer of the 10  nobile radiotel ephones. It
is a further objecrigiréhe iy asgiow cuarti DIlustraking i idoynldihk '
quai 1ty T ATESeRY b AR fnd F0 ¥ SRR TltOtllt O el
' invention; : A K o :
Figure 7 is an illustration of the IS-54B TDMA
frame structure;. A L _
Figure 8(a) is a graph illustrating an exemplary
10 power spectrum of a transmitted signal; _
Figure 8(b) is an exemplary filter characteristics
of a receiver; I o
' Figure 8(c) is a graph showing the adjacent
 channel interference for the examples of Figures 8(a)
15 and 8(b); - . _ o
Figure 9 iS' an: e_xexh_plaz‘y_ iilustration of the
downlink interference prediction; .= .
Figure 10 is a block diagram of an exemplary
“mobile station according to the present invention;
20 Figure 11 is a block diagram of an exemplary base
station according to the present iriveni:ion ; and
Figure 12 is a block diagram of a portion of an
exemplary base station controller according to the
~ present invention.
25 . : : :
- DETAILED DESCRIPTION
In the following description, for purposes of
' explanation and not limitation, specifi’d details are
set forth, such as particular circuits, circuit
30 components, techniques, etc. in order to bro_vide a
thorough understanding of the invention. However it
will be appé.rent to one skilled in. the art that the
present invention may be practiqei_i in other embodiments
that depart from these specific details. 1In other
35 instances, detailed descriptions of ‘well-known methods,

x
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i nvention to enable battery operated radiotel ephones to 15 enj oy
extended battery life by reducing the transmtted power. The control schene
present ed WO¥HEMdapts to the current traffic and interfer BEHESI0RSAL i on
in a communi cation environment in order to optimze the 20 quality of
each |link and maxim ze the overal l system capacity.  The status of the
current traffic and interference condition is derived from measurenents
taken both by the nobile station and the base station. The channel

al locations are periodically updated to 259 ensure that, on average, the
| east anmpunt of transmit power_ is used on the channels. once a channel has
been al | ocat ed, dewicemptand mz%m@nom@eqq iass not ve pbscure

satisfactory i r&auahekbrwpthohhe d¢ Ni gHE) aprddent! ' PAVENEHoRNOVRith
Since the adaptiyve omer 30 trol and the adaptive channel allocation

formone integra deta * term adaptive channel allocation and
power control’, or A(J@Ké 1mplem¢nta¢iem aﬂophedpresdntcihbenthenpmdaﬂnt

T ccess schons Y asbBithy 0By’ THE pdfEiSLEE frodu fr@Rbhts 08" cheP
communications system to whzch it is applied. 1In
frequency duplex systems (e.g., AMPS, IS-54B), for
' example, the uplink and downlink channels are paired,
separated by a fixed 45 Mhz offset. The assignment of

10 a downlink channel thereby automatically fixes the
uplink channel and vice versa. However, a more general
case occurs when the downlink and the uplink can be
‘independently allocated.

An exemplary embodiment of the present invention

15 will therefore first be presented for the case in which
the uplink and downlink channels can be selected
independently, and for which the transmit power can be
independentiy'controlled'on any channel. Later, other

- exemplary embodiments will be described for systems

20 where: the uplink and downlink channels occur in pairs,
for systems with limited measuring capébilities in the
mobile, and for systems where the APC in the downlink
operates on a group of channels as is the case in the
current TDMA system defined by I5-54B standard. As

25 will be discussed, each of the embodiments will be
influenced, inﬂsome.degrée, by the operating status of
the mobile station. '

~ In most cases, the mobile station operates in one
‘of three possibie modes. The first'to be considered

30" occurs when the mobile_"sﬁation is" in active
communication (i.e., a call is in progress) and where
the mobile station maintains active knowledge of the
radio environment. The second mode to be considered is
the stand—by mode. When in stand-by mode, the mobile

35  station is 1lstening for'pages by perlodically scanning




exanple, to
t he present

m ni m 2¥@ 952481 he average transmt powers.
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FDVA, TDMVA, CDVA or hybrid systenms. In exenplary enbodi nents of

i nvention, systens and nethods all ocate a channel that

Duri ng updatPEITUSRIIEN ar e

periodically perfornmed, it is checked whether the average transmt power
ow, or that another channel can be found on which the transmt
power can be. even | ower. Between channel updates, the APC tries to
maintain the required C I level in the receiver. The schene ensures

mnimzing the transmt power which noftOonly reduces interference to other

~was i ndeed |

.channel s, but al so serves the | audabl e goal

of handheld
These and ot
will be read
witten 20

10

10

of extending the battery life

e |avaiktibie| egntrel channgl s rang stierefoxe (has - EORRAW NGS
f\%i%a@%%wlféagw bQStﬁédradi/GYEﬁ\ﬂﬁSoﬁenﬂe Wa%‘tenb bavent i on

arent to e skilled in the ar ng
° d B¥onf ﬁn@Pd&n #ﬂ dr'%ﬁé gﬂy n whi ch:
~Figure 1 is &rbb:lllelsstammhn‘s weemldompa.eetelﬁrr deaeﬂmyatpdcandrrhqs per the

U S. stagndard | S5 € r]déklra‘; & ehirae25
frequeng Slge pa ern as err‘;z)"‘l%ci da‘?% g'% dan ce Iulilar sygtem Fi gure
2b is an exelwla'le,d'rqnustratlon of ‘the time :

The channel allocation scheme described by this

inventlon. makes: use of periodic mea_surements performed
both by one or more base stations and/or by one or more
mobile stations to determine the best channel under the

" current radio ‘environment. Note that the term mobile

15

station is used herein to refer to any remote station,
for example vehicul_ar radiotelephones and hand-held
radiotelephones. In the following description, it is
assumed that each base station transmits a pilot signal
(i.e., a set-np' or control channel) at a known
frequency and of a known power level. '

As will be described in greater ‘detail, the

‘allocation process according to ~ this. exemplary

20

25

' embodiment of the present invention can be divided into

three general_ phases. _As shown in Figure 4, these are:
1) acquisition 410 of measurement data reflecting the
current conditions of the local environment;
2) determination 420 of the most appropriate channel

consistent with the measurements . made during

acqu:.s:Ltlon, and 3) channel allocation 430 according to
predetermined criteria. .
The acquisition phase 410 beg:.ns with. measurements

. of the signal power of the pilot _signa_ls broadcast from

30

surrounding base - statJ.ons. . These measurements are

'performed . by the mobile stat:.on which, through a

35

procedure to be. descr:._bed in greater  detail,
periodically measures the received signal strength
(RSSI) of a number of indiv:_i_.__dgal__ .pilot signals
transmitted from surrounding base stationms.



dependent characteristics of cellular system|oading which illustrates the
need for an adaptive channel 30 al l ocation according to the present

i Aventi on; WO /48103 is an illustration of uplink and downl i RRT/URYS25¥r ence;
Figure 4 is a flowchart illustrating the basic operation of an exenplary
enbodi ment of the present 35 - invention; 8 Figure 5 is a flonwchart
Illustrating the uplink allocation accordl ng to an exenpl ary enbodi nent of
the present invention; Figure 6 is a flow chart illustrating the dowlink 5
al l ocation according to an exenpl ary enbodizzent of the invention; Fi gu-re 7
is an illustration of the |1S-54B TDVA franme structure; Figure 8(a) s a
graph illustrating an 'Ehernssa'r pfia slgpam/ecanmgzmmltrfeth foanexanpde,

signal; Figure 8(Jy 4 @fhlﬁé@ ﬁsf 'ﬁ&@énfhgrﬂﬁﬁeﬁfﬁttssp haawl epgh¥er

Figure 8(c) 1is a ra acent channe nterference for t he
exanpl es of Figu _ og- olar 1gna1 Processing", which 1is

o incorporated here by reference. The RSSI of a channel

5 is, for this_'example, simply a measure of the amount of

signal power contained within a 30 Khz bandwidth
centered at a particular freQuéncy. ' In addition to
'signals intentionally broadcast on the channel, the
signal power may inél_ude co-channel signal power,
10 spillover from adjacent channeis, ‘noise, and any other
power which exists in the band. - In determining the -
RSSI of each individual downlink signal, the mobile
station averages a plurality - of individual RSSI
measurements (e.g., over 1 second) to smooth out fast
15  fading phenomena.' For example, a veh;cle equipped with
a mobile radio operating at 869 MHz and traveling at 40
MPH should ideally perform RSSI measﬂre;’nents at
appfoximately 7 millisecond intervals to have those -
measurements uncorrelated to Rayleigh fading. As a
20 typical- radio receiver can tune to a specific
frequency, perform an RSSI measurement and return to
within a few hundred Hz of its initial frequency on the
order of 3 milliseconds, such a. requirement is not
difficult to achieve. To accommodate varying speeds
25 and frequencies, many such measurements are performed .
and then averaged. ' :
The acquisition procedure will be described with
regard to the typical example of a mobile radio
.~ communication arrangement illustrated in Figure 3. It
30 will be appreciated by those skilled in the art that a
typ'ical system can, and most likely will, include many
more base stations and many more mobile stations than
shown in this exemplary illustration. However, to
avoid obfuscating -the pr'esent' “invention, the two
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15 and 8(b); Figure 9 is an exenplary illustration of the domnlink

interference prediction; Figure 10 is a bl ock diagram of_an _exe t '
mobi | e gﬁﬁﬁﬂﬂﬂoaccordlng to the present invention; 20 PCHU$5@£% re 11 is »

a block diagram of an exenplary base station according to the present:

i nvention; and Figure 12 is a block diagramof a portion of an exenplary
base station controller according to the present invention. 25 DETAI LED
DESCRI PTION In the foll owing description, for purposes of explanation and
not limtation, specific details are sd forth, such as particular
circuits, «circuit 30 conponent s, technlques etc._in order ,to provide

a thorough umekiskendibrpabas Fiatien Arrangement of Figured abﬁarent to
one skilled igyddentid. t hat the present invention may be. practiced in other

et et TN SpRBEEA b HRGAM pprde\ o B 058
Circuits are entiknehebworX,ndis consiredded via the mobile telephone
5 switching office ' (MTSO) 300. The MTSO 300 is
connected, either directly or indirectly, to each base
station controller 310, 320, and 330. This.description
will first consider the acquisitionlprocedure when a
call is presentiy in progress. In this'example, mobile
10 . station A (numbered 370) is currently connected to base
station A (numbered 350) _ ‘
As well-described in the IS-54B speciflcatlon,
when a call_is in progress, the base statlon may issue
| instructions to a mobile station via the FACCH. The
15 | FACCH, or fast assoclated control channel, ‘is a "blank
and burst" data transmission protocol whereby messages
may be sent over the voice channel. Included in the
list of FACCH messages is the.“Channel Scan Message"
This 1nstructlon.prompts the_moblle station to_perform
20  a series of RSSI measurements on a list of frequencies
included with the message. Often, this list includes
the control channel frequencies broadcast from
surrounding_base stat;ons. ~ For specific details of
FACCH signaling and the Channel Scan Message, the
25 interested reader is referred to the IS-54B document.
Note that.this particular method of controlling the
mobile station is presented for the purposes of
illustration only. It will be appreciated by those
skilled in the art that other signaling'methods_and
30 formats could also be used in the execution of the

s, and

present. invention.
In response to instructions generated by the MTSO
300, mobile. statlon A monltors the slgnals transmltted
by ‘surrounding base stations, 1nclud1ng that to which
35 it is currently connected. wWith regard to the
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the description of. the present invention wth unnecessary detail. The
i npl ementation of the present invention will 5 vary depend| ng on the
parti cul arVPE§A§nent s of the communications system to whiRHYPSPEI?
applied.- 'In frequency duplex systens (e.g., AWS, |S-54B), for exanple,
the uplink and downlink channels are paired, separated by a fixed 45 Mz
of fset. The assignnent of 10 = a downlink channel t hereby automatically

fi xes the uplink channel- and vice versa. However, a nore general case
occurs when the downlink and the uplink c3l be independently al'l ocated. An
‘exenpl ary enbodi nent of the_present invention 15 Wil therefore first be
presented for tgdt¥atdon, ijdustraged, in Fioure dowmebhke sEakieR A aiS be

_seldect eg i{lfiepeuétca&-{e}i st dtHa imlféhémLé [s’mﬁus A€l $fom the t
i ndependent |y controlle ny nn at er er, .exenp i ments
Wil be describ 8sPo ?gé?gng%ﬁhfc V\ﬁ e iafar dﬁhﬂ%’r‘ﬁ?@%annel s
.occur in pai rs, transmmldsfmmhbasm s‘baitms\br |hlrj', Expabseveral othete

bi | f t k
mobi | e, ang f or ghy 3R besk S A ohd: | i boskeen fEALEE o 0UP

of channels as is the ca In the current gs em e I ne
standard. As Pase \ghatign 4iB., {oumbered, 30)nc éﬂ%dﬁf’&ﬂ%flwi $35pe
influenced, in teERsid¢ted [Brone sy atstyridmt U ofniiiser@di | ®66) at i on.

According to the present invention, mobile station A

periodically receives a -channel scan message broadcast

10 from base station A. This message includes
" instructions to scan the pilot signals from base
stations located in the vicinity of base station A.

Note that the actual base station location and/or
identification need not be transmitted to the mobile

15 station; the base stations need only be identified by
the frequency of the pilot signal broadcast therefrom.
After making RSSI measurements (as described

above) of the three downlink signals 305, 315, and 345,
mobile station A reports these results to base station

20 controller A (numbered 320), via the slow associated
‘control channel (SACCH) of an uplink .traf_fic channel

335. As with the FACCH, the SACCH is a signaling
format specified by IS-54B. | | .

The aforementioned RSSI measurements can now be

25 used to calculate the path losses between the base
stations whose signals were measured and the mobile
station performing the measurements. The - RsSSI
measurement together with the base transmit power
(which is either fixed, or otherwise known by the

- 30 network 300 and reported to the base station controller
of base station A) provide all the informat:.on required

to calculate the 51gna1 path loss (PL) for each s1gna1.

Path loss, calculated as the RSSI dJ.VJ.ded by the base
transmit power, is an expression of the attenuation

35 that a signal will experJ.ence as it propagates between
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. Known Transmit Power of Bage Station c - - 0 dBm
£ -3 on ¢ st = =125 dBm

Path Loss between mobile station A and base station C =125 dB

In general, the path loss between a base station

of arbitrary index J and the mobile station performing

the measurement will be represented by PL(J). Since
the pilot RSSI measurements are assumed to be
uncorrelated to Rayleigh fadzng, the path loss from the
base to the mobile can, by the principle of
reciprocity, be assumed to be identical to the path
loss from the mobile station’ to the base. = PL(J)
therefore represents the link path loss irrespective of
1ink direction (i. e.,' uplink or downlink). Thus
calculation of the path losses ‘between the mobile
station and surrounding base stations completes the
first stage of the acquisition process.

The second acquisition stage involves the

_ measurement of RSSI on idle traffic channels (i.e., the

30

35

potential voice channels which may be allocated) to
obtain an estimate of the interference levels. If no
restrictions are set on the selection of channels, and
if the mobile station and the base station have the
same scanninq capabllities, the process according to
the present 1nvention operates independently for the

routine is described.
‘Under 1nstructions from.the MTSO 300, base station
A continuously monitors the interference_levels on its

‘uplink and the downlink cbannels.. First, the uplink

hannel under .t he current

in

&
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15 assuned that each base station transmts a pilot signal (i.e., a
set-up or control channel) at. a known frequency and of .a known power

| ével . As WOI92#80described in greater detail, the all ocatRCIUsIpOIess
according to this exenplary 20 enbodi mant of. the present invention
can be divided into three general phases. As shown'in Figure 4, these are:
1) acquisition 410 of neasurenent data reflecting the current condi tions
of the | ocal _ environnent; 2) determination 420 of the nost appropriate
channel 25 consi st ent vvith t he neasurenents nade during

acqui sition; and 3) channel allocation 430 according to predeterm ned
criteria. The acpilinkiandpthec dowhlink whanndlisyeasPiesient thef upldnki gnal

power of the pil Q&Sﬁﬁﬁ from 30 surroundi ng base stations.
These neasur enen]?ésugiwaieérf%rre the robile station which, thr ough a
procedure to ?‘bé'd‘s*tzﬂlcw £romythe| MTSQ 39Q,gihase stAEASD: es
the recei ved s m&iorﬁiilﬁﬂﬂiély( RSt dtctis Thu ihtierFereiidie/ 1dvall oot t&i gnal s
tran tte.d rroun in bf\se tatlons 111The RSSI _ of a
S|gnal cansEg1e .e., oice channels not
use) 'l‘he base stat:Lon scans through all the idle

channels, takes RSSI measurement samples and, as
before, averages the samples (e.g., over a period of 10
seconds) to make the samples uncorrelated to Rayleigh
10 - fading. Note that as with the pilot signal
' measurements, these RSSI measurements include any
iriterfering_. power that falls within the measuring
bandwidth - irrespective of where the interference
comee -from. The energy 'cen come from, for example:
15 noise (which is ubiquitous), co-channel users, the
sp‘ill-over of users on adjacent channels,
intermodulation products that happen to fall into the
measuring bandwidth, and from non-cellular emissions
(both licensed and unlicensed.) With regard to Figure
20 3, this .pr'oces is- repeated (either sequentially or
simultaneously) by base station B and base station C.
The average uplink interfe:ence level on channel
K at base J is represented by: IW(J,K-) « The Ipvalues
of all idle channels, K, at base J are now sent via the
25 base station controller of base station J to the base
‘station controller of the base station to which the
considered mobile station is currently connected. For
the example shown in Figure 4, this means  that the
values measured on idle channels by base stations A, B
30 and C (i.e., Iwp(A,K), Ip(B,K), and Iy(C,K),
respectively) are sent to base station controller 320
of base A. Index K, of course, represents the voice
channels and can , in this example, be any number from

1 to 395. .
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- as described in U S. patent 5,048,059 to Paul. W Dent entitled "Log-

Si gnal Processing”, which is incorporated here by reference. The RSSI of a .

channel Wwooesnidgao for this exanple, sinply a neasure of thacyeesnisipf
power contained within a 30 Khz bandw dth centered at a particul ar

frequency. In addition to signals intentionally broadcast on the channel,
the signal power may include co-channel ~signal power, 10 spi l | over from-
adj acent channel s, noise, and any other power which exists in the band. In

determining the RSSI of each indivi dual @wnlink signal, the nobile
averages a pl urallty of i ndi vi dual RSSI' ‘measurenents (e.g., over 1 s

totﬁmoot hboth fast ﬂtﬁ:mg{&ﬁlengaéﬁﬂgﬁ:iﬁiﬂén giftvce@sa,l rrpi:net apélaéahwlp abeseqw pped
Wi a nobile sadio qperatin nd tr in sho
i deal |y perfor a%S@Q%e ure %Pa%e&;ﬂ_‘z%%a g\"ﬁf gﬁ Fsecgrirg Pﬁ't
to have those messaremants Serds r &t eh;het onm:yﬂla glstiakdiomy. andAs the20
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return to wthin a

frequencyp on tSta%ions Ef°‘914ﬁI'F]PQe?%ﬁﬁss'tﬁ'ﬁéﬁnacfaﬁﬁﬁpﬂ-éﬁﬁn?’ £h &be
difficult to aiifceatid® xﬁammqaat@ ¢algulgtererystd powe&nde%aeuenm es,
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The acquisition phase 410 is then completed and the

Pol ar

si gnal

station
econd)

ul d
erval s

tsTintial

10n

next step is the determinat:.on of -the best channel to

allocate. L

The determination phase 420 1ncludes finding the
pbase station , J, and channel, K, combination that
requires the least amount of mobile station transmit

' power in order to maintain satisfactory quality on the

link: For each base station, J, and channel, K, the

'~ required mobile station transmit power P,,,,,.,(J K) can be

calculated as:

Pris, zeq(T: K) = (£ )o+PL(J)+r,,,(J.Io ds (1)

As previously described, -all the information __

. required to solve equation (1) now resides in base

station controller 320. (C/I), is the target C/I value

- that theé system tries to maintain on a link and can be

defined by the network operator. For example, if it is
assumed that the path loss between the mobile station
1n question and a base statJ.on J, PL(J) + is calculated
as before to be 125 dB and the uplzl.nk interference on
channel K at base stat:.on J :|.s -150 dBm, and the
desired C/I is 25 4B, then the required transm:l.t power
can be calculated to be:

P_Ms.m(J,K) = 25 dB +-125 4B - 150 dBm = 0dBm. (1.0 m

Watts)

]



regard to the typical exanpl e of a mobile radio comunication arrangenent
iIIustrateqy ure 3. It 30 w Il be appreciated by those skilled in
odseyl

tfAe art th Pcal systemcan, and nost likely will, indCIESH835)7 nor e
base stations and many nore nobile stations than shown in this exenplary
Il lustration. However, to avoid obfuscating the present invention, the
t wo 12 nobile, three base station arrangenent of Figure 3 is presented.

The acquisition operation, indeed operatiaon of the entire network, is
controlled via the nobile tel ephone 5 satching office (MISO  300.
The MISO 300 is connected, either directly or indirectly, to each base
station control | er 318f %he dgrdredoobiprt dissteipinimize| théitsansmiki der

the acqui si LI on Dobﬂe&dafetnbeﬁbAnimléthd&gQﬁﬂn lt\sa*tncﬂat e2SK- on '1§hedé1
exanpl e, nobile n ere S curren y connec

base station A (‘:‘lru &h %’%58)"" ﬁ% % 5%%&5' i3f (the |beafybase and
speci fi cati on, wnbhnae&abbmbsnatlpnogrnotlcehenbasesﬁheé the '@yempTasy
instructiong to ar-geRiLe Si@&oﬂﬁ'ﬁ{%a tttklf'e FASggsenthe {Bvent 55 £ Gled a5t

associ ated contrql channel, 1s a
i interference into account th1s process does not

necessarily _ choose  the strongest base (i.e.,
geographically closest to the mobile, or lowest path
loss) as the one with which to establish a link. If
10 - the interference level of an available voice channel on
a more distant (i.e., in this context correlating to
hlgher path loss) base is 31gnif1cant1y lower than the
interference levels on any of the idle channels of a
closer base station P the required P,,s to connect to the

15 more distant base might actuelly be lower. '
For example, assﬁme the path 1oss, PL, on downlink
345 from base A to mobile station A is 80 @B and the
path loss on downlink 305 from base B to mobile station
A is 90 dB. Assume further that the lowest
20 interference measured at base A is on channel 32
(825.96 MHz) at a level of -100 dBm. Assume also that
the lowest interference‘ieVel meesured at base B occurs
on channel 245 (832.35 MHz) at a ievel'of =120 dBm. If
- the target (C/I), is 25 dB, then the minimum required
25 Py for a link to base A on chenne1'32 is calculated

| according to equation (1) to be: |

PMSM (a, 32) = 25 AaB + 80 dB - 100 dBm = +5 dBm

For a link to base B on channel 245 the mninimum
required transmit power would be:

30 Pysmq (B,245) = 25 dB + 90 dB - 120 dBm = -5 dBm

If both base stations transmit at the same power level
the downlink signal received_at_the.mobile station from
base B is weaker (i.e., higher path.loss and ostensibly
further away)} Assuming reciprocity,' the signal
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and burst" data transm ssion protocol whereby nessages may be sent over the
voi ce channel. Included in the list of FACCH nmessages is the "Channel Scan

Messager, % nstruction pronpts the nobile station to; 5 ﬁo . a
series 0O o ldmaasur enments on a |ist of frequencies i ncrg‘cﬁfg % t he
nmessage. Often, this list includes the control channel frequencies

br oadcast from sur roundi ng base stations. For specific details of FACCH
signal i ng and the Channel Scan Message, the 25 i nterested reader is

referred to the I S-54B docurnent. Note that this particular method of
controlling the nobile station is pres ed for the .purposes of

|1 trat t ted t t th t.
other o gnar iAeEYsd et Hpdf SRREISRE lim R Adpliglshrip ort that
execution of womldreecweakeychhannthat recpived at baser station dener at ed
by the MISO 3pQuev@P] | Beddiid W AHD Udrididrat i o3 &n%&%%?ehb@d by

Surrounding Dee SANOTSy | EAHL Sl " (dhlThE "paBn addn -Jess oot L
4, nobil® st altramsmtspdm:atmjrsqmlreu by theanabﬁlelsjraiiomdio gelty from
the up a sat:.sfactory link to base statlon B. . Therefore,
for the uplink, the mobile station’ would be handed~off
to channel 245 on base station B. This stands in
marked contrast to the earlier-described systems in
10 which the mobile station is handed-off to the base
station with the strongest signal. =~ = - '
In addltxon to the power levels requ:.red on '
potential channels,_ the base station controller is
- provided with the prevailing transmit power on the
15 current traffic channel.  The mobJ.le can, for exanmple,
' send this J.nformat_a.on over the SACCH to the base to
vhich it is connected. This information can then be
. directed to the base station controller of base
station A. | | N
20 If the best channel and base station combinat:.on
is not identical to the current channel and base
station combination, a re-allocation is considered.
However, in or_der to avoid channel hopbing and Ping-
Pong effects (the mobile station being repeatedly re-
25 allocated between cha_nnels A and B), a hysteresis is
built in. The new channel is only allocated if the
required tr_an‘smiti power on the new channel is at least
x 4B smaller than the transmit power on the current
channel. The: hysteresis value, x, is oalled_ the hand-
30 over margin and can be chosen freely. According to
exemplary embod:.ments, x typlcally lies somewhere in
the range of 3 to 6 dB. If the difference between new
and current power levels is smaller than the hand-over
margin, no re-el-looai:ion- is made, and the current link
35 is maintained. |
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base station to which it is connected (i.e., signal 345 transmtted from
base stati A) but from several other 5 surroundi ng base stations:
sitgnal . SOSW?' #% t ed from base station B (nunbered 340), RRTUSPYRAY7 315
transmtted from base station C (nunbered 360). According to the
present invention, nobile station A periodically receives a channel scan
nmessage broadcast 10 from base station A This nessage
includes instructions to scan the pilot signals from base stations
located in the vicinity of base station Al%Note that the actual .base
station location and/gr identificgation need not pe transmtted to, the
nmobi l e 15 st at i'on;'ﬂ}%e AFRYE SEAEPUASIABe COMFIAYES | &'zﬁ i pld@cAFieRe
frequency of theleeisiorsi nawhiichadcasall hésefalawadyf tivi po&yrEsKSehd
i

measur enent s (-a%ﬂ@ﬁ)wﬁn‘lﬁpo o°f Lhe ﬁ&ff%d%ggo'%dsi g{;@}ds §8gr'315,

and 345, nobile s reports these results ase statrron
controller A .('nlﬂﬂ.ﬁﬁ'ﬁﬁms,_%% sent Qvay e, SASCH] (esnFAGCH hafinthe .
(S50, 5,7 s e odlogfe, 2o bk b Hskboctesiy s
a signaling for ecifie "S- e renent i oned:
measur enents ca Eﬂﬁojﬁa fg‘ann%segaFOBPEFEulii)g"?ﬂée t PDhs e p¥RHRen t he
base stations wmessurENentis are csentaswverd thed controllfcad14hgt channel
performng the odTe@Rur QY Sgtation €6€ wHiRH PRESH.BTRR' LOPEidler s th
t he base transmt power .. -
: locked on. This 1s because even if ‘a mobile is in

10 stand-by ( i.e., sleep mode) it sti.'l_.l keeps track of the

~ surrounding bases during brief periods of wakeup when

it performs _mea_surfements of pi_l'_ot signal strength and

listens for pages. . From this information, the
_ -_ preferred channel . and bla_se'_ combination can Dbe
15 determined as described above, and the required

transmit power on this new channel is calculated.
~ However, since no current _lihk .e'xi_sts_, there is no
current transmit power to which a comparison can be
made; that is, there is no hand,—oirer. margin. Instead
20 the Pm',,; on the new channel is compared with the power
control range (set by the minimum and maximum power the
mobile station can transmit) or with a set-up threshold |
as being the maximum transmit power allowed at set-up.
If the Py,, Of the best channel is below the
25 predetermined maximum transmit power allowed, ~this
channel can be ellocated right awa‘y.'_ If not, the call
must be blocked. The set-up threshold, which may be
lower than the maximum aveila_hle '_output power, will
_ prevent usets- that need a lot' _ef _' power (and would
30 therefore produce a. h'igh_ level of interference) from
entering the system at the expense ef users who would
require lower transmit powers. -
In the thirad 'opez"a_.tional mode -(i.e., power on) no
. MAHO measurement data is available at all. At power
35 on, the mobile station first scans through all the
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(which is either fixed, or otherwi se known by the 30 net wor k 300 and
reported to the base station controller of base station A) provide all the .
i nf or matwogs/ze8gui red to cal cul ate the signal path | oss (PBchukssiozsach
signal. Path |loss, calculated as the RSSI divided by the base transmt
power, is an expression of the attenuation 35 that a signal will
experience as it propagates between WO 95/ 24810 '

PCT/ US95/ 02517 14 the base stati.on and the nobile station. For exanple,
assune that nobile station A has neasurggl the RSSI of signal 315 broadcast .
frombase station Cto be - 125 [err]. It is also known that signal 315 is
broadcast 5 caBlifgpSowtroéE\camiels off the bdserstattond hd doekisat i on of

path loss is strai fo . - Kno T m t Power of Base .Station C -
[err] 10 %a@é?@&e- %@egs%%%%%{e@‘ﬂ?}% |b€s§ Sﬁitahﬁfgrr] Pat h
Loss bet ween daimleadtthe ochannell huwbersadfotheesurrounddngr daseshe pat h
[0ss between g, h3e el Heciid i 14 W th d tﬂ%@w}y tation
performng 15 t he nmeasurepent wl | be represented by -PL(J). I'nce the
pilot FBSI el uPrasedure, is @fsuﬁsacribegb@m r el &t ¥ ei gh

fading, the psidmavisifg uhe oplink channel allocation procedure for
all three operational modes is shown in Figure 5.

- In Figure 5, superblock 500 indicates a first

general step of dgterminingi in which of three modes a

10 .mobile station is currently operating. If the mobile
station is operating in the power on mode at block 501, q

the flow proceeds to block 504 where the mobile station

scans the control channels to receive scan codes.

Otherwise, the mobile station 'is operating in the

15 standby mode 502 or the call in progress mode 503, and

the flow proceéds to the acquisition phéée at 510. The

acquisition phase 510 begins with the step of having

the mobile station make RSSI measurements of pilot

signals transmitted from _surrdunding ‘base stations at

20 511. Next, these RSSI measurements are sent back to

the base station to which the mobile station has an

‘active 1link at block 512. At block 513, the base

stations make their own RSSI measurements of the idle

traffic 'ch_anné'l:s. " The following steps relate to

25 detérmiriing which of the channels should be assigned

' for this link with the mobile ta‘t_ioh at 520. Thus,

the flow proceeds to block 521 wherein the base station

controller calculates a path: loss between the mobile

station and each of the ba_Se stations whose signals

30' ware .'measui:"ed at block 511.  The base station

controller then calculates the required transmit power

levels for the mobile station for each combination of

base station and traffic channel using, for example,

equation (1) and deter_xﬁine_s the combination which gives
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base to the nobile can, by the principle of reciprocity, be assuned
to be identical to the path 20 | oss fromthe nobile station to the base.
PE(J) ther ef@ss4p0r €sents the link path |oss irrespective gbrivsidiorsi?
direction (i.e., uplink or downlink). Thus cal cul ation of the path

| osses between the nobile station and surroundi ng base stations conpl etes
the 25 first stage of the acquisition process. The second acquisition
stage involves the nmeasurenent of RSSI on idle traffic channels (i.e.,
the potential voice channels which may tmefilocated) to obtain an estimte

of the interference levels. |If no 30. restrictions are set on the
sel ection of chagel sy | fr688i£081 ks atlsilitoNpoier t BorDogke Swdiidle have
t he same scanning capabilitles, "the process according to the present

i nventi on oper at®&at R AR JRMPFY $B2-the uplink and the downlink channels.
First, the uplink 35 Havifgti determierd i behichndehanh@lr ucshewsdf r @@ t he

s VD 96 acabiacRele e, HISE 2l e e omePLic BhERIS, O bher, TV
5 flow then proceeds- to the handover phase indicated by
|  superblock 530. At decision block 531, it is
determined whether or not the mobile station currently
has a call in progress. If so, the flow moves then to
block 532 where it is then determined whether or not

10 the minimum required transmit power calculated in block
522 exceeds a current transmit power minus the handover
margin. If the answer to this determination is no,
then the flow proceeds to block 533 where the handoff
to the determined channel/base station occurs.

15 Otherwise, the flow loops back to the beginning of the
acquisition phase 510 and no handover occurs at this
time. ' . '

Looking back again at decision block 531, if it is

' determined, on the other hand, that there is no call in

20 progress, then the flow proceéds to block 535 where it

is determined if the minimum required transmit power

exceeds a maximum allowable power as discussed above.

'If'not, the process'then moves'tOjblock 534 where the

call is set up on the channel/base station combination

25 determined in block 522. If the minimum required

transmit power does exceed the predetermined maximum
allowable power, then the call is blocked at 536.

' Assuming that the uplink and downlink channels can

be independently allocated, the procedure for assigning

30 the downlink is similar to that described above for

assigning the uplink. The path loss values are found

the same way as before by using the mobile station

measurements of the pilot RSSIs. In fact, these can be

made directly without the assumption of reciprocity as

35 was necessary with the uplihk estimate. However, now



routine is-described. Under instructions fromthe MISO 300, base station A
continuously nonitors the interference levels onits 5 idle traffic

.channel ﬁtﬁsng?] voi ce channels not in use). The base spetdirsysnssians

- through™a i dl e channel s, takes RSSI neasurenent sanples and, as
before, averages the sanples (e g., over a period.of 10 seconds) to nake
the sanpl es uncorrelated to Rayleigh 10 fading. . Note that as wth
the pilot signal neasurenents, these RSSI neasurenents include any '
interfering power that falls withint measuring bandwi dth - irrespective
of where the interference conmes from e energy can cone from for
TP e it el fladde HOALL | S otne c-sza;aaaashnuier ac khe
splll-over acent channe I nt er.modul at,1 on

product s thatmmra!t% made. | r?flb'lﬁ mesumes thaf Fheomoide statiesm
non-cel | ul ar ﬁa% seheNsahBohbiliegnaed thwl vade cetation ¥bt Bcangahe to

Fi gure 20 this ocess .i s repeated (e} I

si mul taneousl?}uoyratﬁi"e%ft yoise §E§H8e§§§e %{’lﬁé 'ig%%%#‘?‘cq{av&e‘:r g’ée upl i nk
i nterfergnce isvimvalvedartinel iKterference leveligronlyidepend [an the The _
[err] val ues 8 S, 1};@&; parolY] Vi he 25
"base station %&%@lrloh er %’hbas ‘g‘rgﬁ to t afgb‘g:se stt}s:&tg: cs(?rli{trol | er of
the base statbawkt dawhithe théS§on%‘Pdé'f*@thm$PPe mehile, statipnods v

connected. FOgopnnected, and are directed to its base station

controller. The required transmit power of base
10 station (J)_is calculated as:
P,s,,,,,(-J.IO?(g)ofPL(J)+Im(1() a8 (2)

To reduce the number of computations , _ori],y those

channels K on base station J are -censidered that are

15 idle and free to be used. B_ef_ore_ lthe actual re-
'~ allocation is made, a com'parison. be_twe_e'n the new Py on

the best channel and the average Py ', on the current
channel can be made. If smaller than the hand-over

. margin, then no re-allocation should be made. The

20 . downlink procedure accor_dj.ng_ .to_ this exemplary
" embodiment will now be described with reference to
Figure 6.

In FJ.gure 6, superblock 600 denotes the step of
determining the mobile station’s eurrent operating

25 mode. If the mobile station is in the power on mode
| 601, the flow then proceeds to block 604 where the
mobile station scans the detected control channels to
receive scan eodes. Otherw:Lse, in standby mode 602 or

call in progress mode 603, the flow proceeds te block

30 610 where the acquisition phase occurs. At block 611,
the mob:.le stat:l.on makes RSSI measurements of the pilot
s:Lgnals transnutted from surround.'l.ng base stations.
Next, the moblle station at block 612 makes RSSI



t he exanple shown in Figure 4, this means that the values nmeasured on idle
channel s by base stations A, B 30 and C (i.e., [err] and [err]
respecti veiwgosmasrosent to base station controller 320 of baper/bsIsiasix K,
of course, represents the voice channels and can, in this exanple,.be any
nunber from1l to 395. WO 95/ 24810 :
PCT/ US95/ 02517 16 During the acquisition process, the path Ioss information
cal cul at ed from the pilot si gnal neasurenents. sent by the nobile
station and the interference informatiogssent by the surrounding base 5
stations provide-the base station controller with the information necessary
L 0 cla: cul ?tg aITIF]néW fitd wﬁmd d@le eraFfid bhahlnbhe.chmnasésnssm can
e al |l ocat ed. e acqui sition agse 41Q ig then _conpl eted. . L he pext step
s the deter ni ndeaR s [abd *Bnt, dack, €5 €A halfe @l ol “wiEH
det er mi nati on phisichXhe mobite stating bas laxs@chive chink jat ahdiogkannel ,
K, combination tdyaf, r qaid ‘qeteriinatitn pHase 62b BREIhE GLthi SHe!bagan t
power in order to intain satlsfactorkll guglltz on rle
5 station controller calculating a path loss between that

base station and the mobile station at block 621. The

base station controller then calculates the required

transmit power levels for the base station for each

"combination of base station and traffic channel using

10 = equation (2), aboire, and then determines the minimum
required transmit power for the base station at block
622.

Next, during the -_ha'nd,over phase 630, there is an
jnitial determination as to whe_ther or not the mobile
15 station has a call in progress at block 631. If the
result of this determination is affirmative, the flow
moves next to decision biock 632 where it is determined
whether the transmit power calculated at block 622
_ exceeds a current transmit power minus a handover
20 margin. If not, ‘then the handoff can be made to the
channel base station ‘combination requiring the lowest
base station transmit power at block 633. Otherwise,
'no handoff occurs and the flow ‘loops back to the
acquisition phase 610. -Lbol_:ing back again at block
25 631, if there is no call in progress then it is
determined at block 635 whether or not the minimum
required transmit poiwer exceeds a 'prédetermined maximum
allowable power. If not, then the call can be set up
at block 634 on the channel/base station combination
30 which requires the lowest bas_e station power.
Otherwise, the call will be blocked at 636 and the flow
proceeds back to the acquisition phase 610.
. The present invention has been-discussed in terms
of an exemplary embodiment wherein uplink and downlink
35  channels can be selected independently, and.wherein



A

15 link. For each base station, J, and channel, K, the required nobile
station transmt power [err can be calculated as: [err] (1) 20 '

As  prevy@ysiagig described, all the information requir egriResigkive
equation (1) now resides in base station controller 320. [err] 1s the

target -C I value that the systemtries to nai ntaln on a link and can be
defined by the network operator. For exanple, if" Is 25 assuned t hat
the path | oss between the nobile station in question and a base station J,
PL(J), is calculated as before to be 125 dB and the uplink interference on
channel K at base station J is -150 dBm and the desired C/I is 25 dB, then

the required S I %50, | I a t epatts
WD 95/ 24810 44 *EhbnfiB1°li s brov "ieR! St % %895/ 0%517 17 If)the

desired obj ec@¥emplary aphediment of,the (Present o?-n‘t'% & B0W%iion then
that channel presentsd wherdin ttire lupiHaik [aid Hown1dmks channelbeakest base

and channel ComgétiRnSugRt E\C?na'iﬂ\%tr ﬁi&%ﬁ&ee efgngl 2iYed offset
5 (e.g., 45 MHz in the I1s-54B standard. ) In this case,
| the uplink and downlink information is combined.
Instead of selecting the best uplink or downlink
channel, one selects the best channel 'pa:i.r which
minimizes the transmit power in both the uplink and in
10 = the downlink. Thus, a method to minimize the weighted
sum of the Py, ., and the Py, is given by: - ‘

i (B(Pys, yoq) * (1-D) (Ppg, o) }

15 = The parameter b can be chosen wifh resp'ec_t to the
system conditions and the desires of the operator. For
example, if attention is placed on maximizing the .
mobile station battery 1life (i.e., 'minimizing' the
~ transmit power of the mobile), greater ive.ight should be

20 placed on minimizing Pys,.,, so b should approach one.

' How'eirer, if for example, capacity is limited by the
downllnk (e.g., when the base appl:.es receive diversity
with two receive antennas or has other means to reduce
its C/I while maintaining satisfactory link quality),

25  most weight should be placed on Py, S0 b should
approach zero. It should be noted that if the

" interference s:.tuat:.ons 1n the upllnk and downlink are
highly correlated, then m_1n1mz.z:|.ng the sum comes close
to minimizing either Py, or Py individually. 1In all

30 other respects, the path 'les_s, PL, and interference
neasurements, Iy, Ipowys Which affect Py or Pyare
performed as- discussed for the . earlier described
exemplary embodiment. -



5 process according the present I nvention takes interference into
account, this process does not necessarily = choose t he st rongest

base (1. evoogge®y aphically closest to the nobile, or |oweptrpsddnbeass) as
the one with which to establish a link. [If 10 ‘the interference | evel of’
an avail abl e voi ce channel on a nore distant (i.e., in this context
correlating to higher path loss) base is significantly |lower than the
interference |evels on any of the idle channels of a closer base station,
the required [err] to connect to the 15 g,gmre distant base mght actually
- be lower. For exanple, assunme the path loss, PL, on downlink 345 from base

A to nobile station Arhs tHe dgbevé, t i PahB Imdmb n&éoidiﬁqfé base
B to nobile station | owest

20 i nterfer erREd 'ﬁb%%ﬁ%% gPebﬁgﬂLAchaéiEXhﬁﬁn%F‘ g’afgzg 3 Jﬁﬂz % a
| evel of -100 dBscarsingethescangst afievoboestchannelser erlfe bsean| mhesur ed

T, ST 8 L B T el Bl e ok o i 11
base A on .Aanne? Beasuremept at CLERELY dfRE o eflinlan EY?tFEsbé" ther r]
(A 32) = 25 dB +ovér dfbeo HFafifie cninﬂﬂafcgua; Iasnluiep syatenB ot igeannel
gngEhi gonhgum reoﬂbﬁﬁs_tg@smt iotoil\ea{tij@ﬁj,l tpeiis ?’i%practiéaelr rf]or( %h%45) -
mobile to monitor every channel. In addition to the
large scanning load .in the mobile station, TDMA
10 protocols further exacerbate the scanning problem in
that it is impossible to determine the downlink
interference on each individual slot. This is a result
of the continuous transmission from the base station.
_ As is well-known, a TDMA system divides the 30 kHz wide
15 channels used in M!P_S into time slots. Is-54B, for
example, divides the channel into three time slots
resulting in a threé-fo].d increase in traffic capacity.
For reasons beyond the scope of this disclosure, the
base station transmits on all three downlink slots even
20 if only one slot is active. Therefore, even if only
one time slot is being used, all three time slots on
the same carrier carry the same transmit power (with
filler information on the idle slots). An illustration
of the 1S-54B time slot structure is shown in Figure 7.
25 Note that, although six slots are shown, the current
system allocates to each channel two slots per frame
(i.e., TSO = TS3, TS1 = TS4, TS2 = TSS5). In order to
more clearly describe the function of the invention in
a TDMA system, a pedagogic description of the problem
30 of measuring downlink interference in a TDMA system is
provided. ' : _ )

With regard to Figure 7, assume that a base
station uses time slot TSO on carrier 1 to communicate
with user A." The slots TSl and TS2 on carrier 1 are

35 assumed to be ‘idle. Now user B is also close to this



| f both base stations transmt at the same power |evel the downlink signal
received at the nobile station frombase B is weaker (i.e., higher path

| oss andy@siésedeeg bl y further away). - Assuming reciprogicisesi®g; Si gnal
WD 95/ 24810 18 received at base station B fromthe nobile station would be

weaker than that received at base station A However, because of the
consideration of interference, even with an additional 10 dB of path |oss,
|l ess 5 transmt power is required by the nobile station to set up a
satisfactory link to base station B. Tg grefore, for the uplink, the nobile
station woul d be handed-off to channel 245 on base station B. Thi s stands

in marked contyazdd dr@ ti¥ HRfdraEtdlESin | HErENS] OF hin&ﬂovermbshat he
nmobi |l e station han%ga of f %g the basg stati og é gngest si gnal .
I'n addition té’alla'e P #P¢ PR;GRFEASENLpoVRY al aﬁhﬁﬁﬂ PQs 8YRe base
station contr Gatdr aweplamleled Vithieh mubl,‘oeesa;altu.ny twaorxilsdrni theneﬁoren t he 15

current traff | &@@gngkaeﬁ;l?ﬁenﬁgél&o@ﬁ :(L)nltvﬁ[ A &cé%?‘d-;-? Ix}hl

i nformati on oveér th base I S connec
i nf or mat iSon cHMLT netagdon, the downlink: interference on base. station

-J, channel K, and time slot,: TSX, ‘would be written as
Ipown (J,K,TSx) Therefore the measurement made by the
mobile station of the downlink interference emanating
from base station A, on channel. 1, tine slot 1 would be

10 Ipown(A,1,TS1) according to thls notatxon. . Since base
' station A does not shutdown its power after TS0, but !
continues to transmit (with the same .power as used in

TS0) on TS1 and TS2 as well, user B measures a large
RSSI (which would actually be its carrier strength when

15 selecting TS1). This large signal completely
overwhelms the interference signal which is likely much
weaker than the carrier. In this case a measurement of
the'_ downlink interference strength on TS1 |is
impossn.ble. (Note that the idle power transmitted in

20 TS1 would only be an interference to user B if it would
select TS1 on carrier 1 on a different base.) Observe
that, in the previous exemplary embed_im_ent, downlink
interference measurements were made on idle channels.
That is, the mobile station would only measure the RSSI

25' of downlink channels that were currently not being used
' by the base station to which a 1link was being
censidered_. -

. Downlink interference measurements could be

avoided ‘altogether if one can rely on a high

30 'correl_ation between uplink and downlink interference
conditions. In this case, by choosing the best uplink
channel using the method summarized by equation (1),

the 'correspdnding downlink channel (offset by 45 MHz)

will be acceptable as well. Uplink interference

35 measurements using TDMA are possible because, unlike



directed to the base station controller of base station A 20

| f the best channel and base station conbination is not identical to the
carrent chawees24sml base station conbination, a re-allocati @@ruses02517
consi dered. However, in order to avoid channel hopping and Ping- Pong
effects (the nobile station being repeatedly re- 25 al | ocat ed bet ween
channels A and B), a hysteresis is built in. The new channel is only
allocated if the required transmt power on the new channel is at |east X
.dB smal ler than the transmit power on the gyrrent channel. The hysteresis
value, x, is called the hand- 30 over nmargin and can be chosen freely.

According to exerghearbasuThothations, ¥heyRobilles ltHransMiREWiE énly, tB8rrange

arai e than t he TEPIS, cHE [ PCPABs \oTeL. SEPEoar: ShHes maBeampRetRREs |
current |ink 35 mades amiuncdcupiied slABos/@eigld therefore only - include
PCT/ US95/ 02517 19 nlek- sl s%wﬁﬂﬁ%ﬂ hlf;smé%c'atégnigeﬁ{:é{__on in
mhlph a call_is already  in grogress and during whi c O ° or nobiTe
assi sted had ngf:ten would be, one must make a prediction of the _
downlink interference. Therefore, according to another
exemplary embodiment of the present invention, a method
of predicting the downlink interference levels is
included to deal with situations’ where direct
10 measurement thereof is impossibie.
To predict the downlink interference, one should
‘identify the base stations in a wide range around the
mobile station that are transmitting on the same
channel. The location of these bases and the power
15 levels they are currently using on the Iconsidered
channel, must be directed to the base station
controller'doing the ACAPC processing (e.g., in the
example of Figure 3, this is base station controller
320.) This can be accomplished, for example, directly
20 through the MTSO 300. Adjacent channel interference
can also be included if it is corrected with the
adjacent channel rejection factor.
Adjacent channel interference results because of
the non-ideal filtering operations in the transmitter
25 and receiver. The power spectrum of a transmitted
~ signal is not zero in adjacent bands, but instead falls
off as a function of the frequency offset, sge'Figure

8(a). . On the pther;-hénd,. the receive - filter
characteristic is not rectangular, and some power
30 outside of the receive band is taken in as well, see

Figure 8(b).  The total adjacent channel interference
that user A introduce; to user B can be seen in Figure
8(c) and is determined by, for example:
(a) the shape of the power spectrum transmitted
35 ' by user A, e.g., the curve in Figure 8(a);



EY

measurenents are sent over the SACCH (or FACCH) of the 5 current traffic
channel. In case of a call setup, no traffic channel has been allocated, .
and t hephdNdggpasurenents are sent over the control/call pggusispage! of the
base station to which the nobile station is. |ocked on. This is because
~even if a nobile is in 10 stand-by. (i.e., sleep node) it still keeps
“track of the surrounding bases during brief periods of wakeup when it
perforns measurements of pilot signal strength and listens for pages.

- From this information, the preferred,gochannel and base conbination

can be 15 determined as described” above, and the required
transmt power on ighs RRY chadided Vaite e SEYEY Ctrabfeedd CUTrent.
| i nk exists, there no current transmt power to a conpari son can

be made: that is, therebﬁ’s WRPRafd- R malBetn arqqqs%aarzmrvet Hef[err] on
t he new channel is conpaiguére B{ajhe power control range (set. by the

Thresnol a as bel ng (e TR9! moi Petherd PRRREPEEPFAGonsh: ' e, ' 8147 o' P

[err] of 8the best channe'lecesm.oe/-qhe the cunveda Eugunedsﬁhk:rnmit ransmit

- power allowed, thicgychapael ﬁaéq,{gh | oOgfESEL " | %Ew%&ﬁy dder'Otand he call
nmust- be bl ocked Trge set up thres ol d, which may be [ower than the maxi mum
avai | abl e out put power, LREEEEETeFent users that need a | ot of power (and
woul d Items (a) and (c) can be derived from the system

specifications (or from the: specJ.fJ.catJ.on of the
10 transmitter and receiver equlpment) . Item (b) is the _
transmit power used by A which information can be '

passed on to the system and item (d) is known as well.

The adjacent channel rejection factor can be determ:med

using items (a), (c¢) and (d) . Together with the

15 absolute transmit power of the adjacent interferer, the

adjacent cha_nnel :mterference can then be determined.

If the spectral shape indicated in item (a) and the

filter characteristic, item (c), are not exactly known,

at least there exist system specifications which give

20 worst case conditions for allowable spectral shape and

filter response. . Using this information, the worst-

case adjacent channel ini_:,erferen‘ce can be calculated.

Unlike the previous situation where path loss

could be calculated from pilot signal data, the. path

25 loss from each of these bases to the mobile station is

predicted. Because of the frequency plan adopted for

the control channels, only the nearest (i.e., the

closest 21) base stations can be :heasured. For these

nearby bases which are included in the measurement

30 list, the p‘ath: losses can accurately be determined, as

previously.diScussed from information contained within

the base station and neasurement's ‘made at the mobile
station. : _

The int'er'fer'inq' signals are ‘however more likely to

35 come from distantly located base stations. The control



30 t herefore produce a high level of interference) fromentering the
system at the expense of users who would require lower transmt powers. In
the third opevshispmnal node (i.e., power on) no MAHO neasur empeTiusdsio2s17 S

available at all. At power 35 on, the nobile station first scans through
all the WD 95/ 24810 PCT/ US95/ 02517
20 calling/control channels of the base stations and | ocks on to the
strongest. The corresponding base wi |l then downl.oad the channel nunbers
of the surroundi ng bases to be neasured intgy the nobile station. From here
on, 5 the procedure is as described above. A flowchart summari zing the

upl i nk channel a|élQ§ﬂﬂéD£l proncthesel Wasy Ist&tmwpeaﬁﬁwnab. Hedsuried

h in Fi bl d f I
step of "det or m ni i FRERR ehnde EHPEE RiGHate”ake oVRkBRvarkn By RE"
currently operatibase ptathonsplin eciose proximigar whigh | havhea;;(;\ﬁ@dYon
mode at bl ock 50%éﬂem359%8&009mfé¥&@%%04aV‘Bﬁﬁ&et beeaa@thensw i on

scans the control . channe to recei ve scan _Co th bi |
S ot on s cBor atthe THERTfeEence SRANRRIFG, STOR BheRt HaRe St Iqha, FRY oo

node 503, and be made using known propagation 1loss models and/or
‘geographical data of the local surround:.ng which can
be located in a database connected to the base station
controller. An example of known propagation loss
10 models can be found, for example, in Y. Okumura,
et al., "Field Strength and it Variability in UHF and
VHF Land-Mobile Radio Service"”, Review of Elec. Comm.
Lab., Vol. 16, Sept.-Oct. 1968, pp. 825-873 and
M. Hata, "Empirical Formula for  Propagation Loss in
15 Land Mobile Radio Services", IEEE Trans. on Veh. Tech.,
vol. VT-29, no. 3, Aug. 1980, pp. 317-325. These data
can be obtained dizring installation using transportable
test transmitters at proposed base locations, and the
use of a specially equipped vehicle to measure RSSI in
20 a local area. Once the transmit powers and the path
losses are known, the signal received in the mobile
from each base can be calculated. By adding all these
power levels together, a prediction of the interference
level is obtained. Alternatively, the path losses
25 between all of the base stations can be measured when
' the systenm is installed and stored within the network
database. These data c_an be periodically updated as
characteristics of the terrain evolve.
An example of interference prediction will now be
30 described with respect to Figure 9. Therein mobile
station A is close to base station A and wants to
jnitiate a call over channel K on base station A. The
network. scans the -region around base. station A for
other base stations that use channel K. It finds three
35 bases 'L, M, and N. In most cases, these base stations



=

the flow proceeds to the acquisition phase at 510. The acquisition phase
510 begins with the step of having the nobile station make RSSI

nmeasur eWOs248190 pil ot signals transmitted from surroundi PEEERSHZET at i ons at -
20 511. Next, these RSSI neasurenents are sent back to the base station
to which the rmbi | e station has an active link at block 512. At bl ock
513, the base stations nake their own RSSI neasurenents of the idle traffic
channel s. The follow ng steps.relate to 25 determ ni ng which of the
channel s shoul d be assigned for this i3 with the nobile station at 520.
Thus, the flow proceeds to block 521 wherein the base station controller
calcul ates a axe hnbbs porwaldyn scannedhiby atmobddeastation docatedase

stations mofﬁeﬁ?ﬂﬂhé §Q tJ.o 2. é‘ﬁﬂéé'rﬁﬂe vahrebrembtelyl 1ocatl base

stati on cont en ca ates the regw re transmtsgower | evel s for

the mobile st &FRremokk %élﬁ\‘ac‘&ﬁbﬁﬁépﬁoﬁ geep¥stocated s Frations: channel
using, for exmeasmmmgme Hresll wkei vy nese tiee Jorown iatobagde ch gives

WO 95/ 24810 Zdedfollk "L, 'S0 N Sbd £ sl Power 'ort halFilL & STALT ON

"of 0 dBm, 10 dBm and 15 dBm, _resp_ect__::w_e_ly. ~In our
' notation this is: Pp(L,K)= 0 dBm, P (M,K)= 10 dBm, and
Prx(N,K)= 15 dBm. | |
'I'hese numbers are sent to the’ base station
10 controller of -l_;a_ase A, together with the location of
bases L, M, and N. The network knows, a priori, the ‘
distances between base station A and the L, M, and N
base stations. In addition, the network may have extra
o :|.nformat:|.on about the terrain between base ‘station A
15 and the other base stations (e.g., mountains, hills,
high buildings). From this information the path loss
between base station A and the interfering bases can be
determined. Al_though the  location of the mobile
~ station - is not exactly | known (unl_ess the system
20 contains a locating feature 'vihj.ch_ can determine the
location of the mobile within .._th_e.- cell), if the
distance is large it can safely be assumed that the
path losses from the interfering base stations to the
mobile station does not deviate too much from the path
25 losses to base station A. _ '
- Alternatively, a so-called beacon may be employed
from which these path losses may be directly obtained.
From the total number of voice channels available, one
channel may be selected for use as a radio beac_on.
30 . That is, a particular frequency can be ehosen to be
transmitted sequentially from ' several distant base
sta_tions. To obtain the path losses between any given
mobile station and a distant base station the mobile
station can be instructed to scan a beacon frequency. '
35 .Each base _s_tatJ.on then, in _il;urn, can. broadcast



Havi ng determ ned whi ch channel should be allocated for this link with the

nobi l e station, the 5 fl ow.-t hen proceeds to the handover phase indicated
by super bl Wik95/480. At decision block 531, it is depermsssmismhet her
or not the nobile station currently has a call in progress. |If so, the

fl ow noves then to block 532 where it is then determ ned whether or not 10
the m ninmumrequired transm't power cal culated in block 522 exceeds a

~current transmt power mnus the handover margin. = |If the answer to this
determ nation is no, then the flow proceedgito bl ock 533 where the handof f
to the determned channel/base station occurs. 15 O herwi se, the

1;] I 0\(/jv | oops back E.ﬁf::bﬂahﬁbhnﬁdéﬂtbfyihg o) 'ai:lthlcwl' | a&hbiﬂeﬁﬂaﬁﬂdn ngédl y
andover occurs o] eci_si,o i

it is determ nedgggngf"’ﬁgL EEXF![ §ﬁd€gil%aﬂ§?%§$‘é& n@‘%al\'?b* cation
progress, then tbsnfmeasprecthesRSSIbbﬁc‘kth$mb and idemtriwlatiencthe f  t he
m ni mum r equi red; r X QUL vva.l_oé ‘%@[ l?aﬁ.‘

di scussed above. 1&%3 iﬂEaEQ%r ogéggffﬂﬁg%oﬂgvées toaﬁl% 34 ere e call
is set up of t heMeFhAAS:/ pRererminakion, A nthe chath 1°s§eFéF‘m Be bl ock
522. If the nm obtuinedqus’ pirevionslyt qezeribddes fried,t! %eprmiﬁﬁm ned

maxi rum al | owabl ¢ Dovep. dieThidiey P okbpboe DR bl G46a ASEAME &t the

upllnk and downl In
- base station controller. Since only one base station

would broadcast the beacon at a time, the raw RSSI data

10 ‘can be correlated to an individual base station by the

network. : :

Assume that the path ioss_es (predicted or
measured) from base stations L, M, and N to the mobile
station are 160 dB, 155 dB and 170 dB, respectively.

15 Again using our notation to express the path loss
between the mobile station and base station J, we have:
PL(L)= 160 dB, PL(M)= 155 dB, and PL(N)= 170 dB. By
using the known transmit powers of base stations L, M,
and N (i.e., Pr(L,K)=0 dBm, Pr(M,K)=10 dBm, and

20 Prx(N,K)=15 dBm) and the path losses, the predicted
'RSSIs received in the mobile tat.ion are calculated as:

Ioown (T, K) = P (7,K) - PL(J)

Us:mg this equation with the values selected for this
example, the interference from each base station is:

25 ' Ipown (L,K) - OdBm - 160dB = -160 dBm
| Ipown (M,K) - 10dBm - 155dB = -145 dBm
Ipown (N,K) - 1SdBm - 170dB = -155 dBm
The total predicted interference Ipown(K) on channel K
_ results from the 'additio'n of these' values which amounts
.30 to approx:.mately -144 5 dBm. Note' that the powers must
' be added since the ‘voltages ‘are ‘uncorrelated. The
predicted Ipmn(K) can then be used as described before.
In this manner the’ 1nterferences can be- predlcted
whenever the mobile station, whether due to the



&

be i ndependently allocated, the procedure for assigning 30 t he downl i nk
Is simlar to that described above for assigning the uplink. The path | oss.
val ues woe9si2agaod t he same way as before by using the nobPCHUSIS®R$1GN
measurenents of the pilot RSSIs. |In fact, these can be nade directly

W thout. t he assunption of reciprocity as 35 was necessary with the uplink
estimate. However, now WD 95/ 24810

PCT/ US95/ 02517 22 interference neasurement's on the idle channels at the
nobil e are nade. This assunes that the gpbile station has the sane ability"
as the base station to scan the full range of voice channels. Since no
particul ar bastéghalings fiarmat/edr tlimitedersecamning| eapabiddty,deiend on

t he channel ﬁg%ﬁ?eKto[ﬁEELuthEﬁssgeaﬁﬁﬁaan§£§e3£§¥sent back to the base

to which the tation IS connecte are rected to its base
station control | erIn al¥Rf rpiemkedinents pregented,soLEak, 14t Vast ation
(J) is calcul gggtimaa: tﬁstrihgcucectmﬂ:ﬁdnewm poieeOl@ve Bt b rEactonl y

et S B tninaba SRR Rk BT bHcbil pindR enddl e

: capability. For example in the Is-54B system, this is
only true in the uplink. the. moblle station only
transmits in its own slot on its own carrier, and can
freely adjust its power level. This is not so in the
10 downlink. Because of the absence of guard times in the

signaling format, power cannot be ramped up or down ‘
between slots..  Therefore, all slots sharing the same
'carrler all use the same power level in the downlink.
. As we have eeen before, this is even true.lf a slot is
15 idle. Only if all three time slots are idle can the
- base shutoff the transmit power on that channel. It is
also clear that to avoid wasting power (and to reduce
overall interference), idle slots on active carriers
should be awoided,e This means that the allocation
20 scheme shouldfattempt to maximize the'number_of,calls
" on as few channels as possible. This so-called time
slot packing is desirable in IS-54B and can be part of
the allocation process wherein priority can first be
given'to placing'ealls on those active carriers with

25 idle slots. |

| ' An exemplary embodiment of the present invention
for a system with downllnk transmit power restrictions
‘as described above is now discussed. To: -distinguish
the carrier from its constituent slots (a channel is
30 made up of a cerrier frequenby and a time elot) we will
- represent the carrler ‘number by F. and the slot number
by TS. The APC in the downlink for ‘this exemplary
embodiment will be assumed to be limited to variations
- in carrier power only. If it is assumedlthat the power
35 is controlled with respect to'the user with the lowest



allocation is nade, a conparison between the new [err] on the best channel
and the average [err] on the current channel can be nmade. _|f smaller than
t he hand-om9m§l n, then no reallocation should be made. PCHE§ISMSLT
downlink procedure according ‘to this exenplary enbodinent will now be
described with reference to Figure 6. In Figure 6, superblock 600 denotes
the step of determining the nobile station's current operating 25 node.

If the nobile station is in the power on node 601, .the flow then proceeds
to bl ock 604 where the nobile station scan83the detected control channels

to receive scan codes. QO herw se, in standby nmode 602 or, call,in ress
mode 603, the fl&WIpr 8dde@ther mseze ®ping dhe Gane ¢avrrinyvil |€‘PF‘ghase

e el e o o

station at block SB8B fdk AETREFATY ] &gﬁﬁzset Ulatlis N gdwer, "End0! | ©

PCT/ US95/ 02517 23]Jmm:.emprecesst hboquealqudﬁqamfmsébt ShghethSSI-

T e o o CEhERe ARSLP Bl yBSC eding) o bhus br byl el b6
placed on the same carrier.

' The acquisition phase is the same as before.' The
path loss values are derived from measurements in the
mobile station, and the downlink interference Ipown(F)

10 is either measured or predicted. Note that in the
downlink, the interference levels on all slots sharing
a carrier F are the same. 1In the previously developed

notation:

15 o Then the requlred-base transmit power thq(J,F) on
base J, carrier F can be calculated using equation (2)
repeated below with the variable K replaced by F.

P,s,,.,,(J. (—)°+PL<J)+zm(m dB (3)

Only those bases, J, are taken into account that are in

20 . the measurement list, and only those carriers, F, are
taken into account that have at least one idle time
slot. | ' o

The process for the downlink considers first the
carriers which are already active, but have at least

25 one idle slot. These carriers are currently
transmlttlng at a transmlt power PBs that is controlled

" by the user with the lowest CII. In accordance with

this exemplary embodlment of the invention, all
'carrlers which have all slots idle are inactive and are

30 consldered at the same time as actlve carriers with
open slots. The carrler which is currently used should

also be lncluded, it is marked inactive if ‘only one



613. The determ nation phase 620 begins with the base 5 station
controller calculating a path | oss between that base station and the nobile
stati orWe9sSB48d6k 621. The base station controller then ROTMRISHIHT7t he
required transmt power |levels for the base station for each conbination - of
base station and traffic channel. using 10 equation (2), above, and then
determines the mininumrequired transnmit power for the base station at

bl ock 622." Next, during the handover phase 630, there is an initial-

determi nation as to whether or not the3dobile 15 station has a call in
progress at block 631. If the result of this determnation is affirmative,
the flow m)veslmzext itso decrupdadbl ofk-€32 Wiy e ithe s uses ni nadewhet her

the transmt ted t - Stei e ertttﬁer ngnit power
gﬁﬁl& of hen t he hanﬁcﬁﬁ% &

m nus a handover i'n If not be_made to the
channel base %‘1’ HSEBﬁbAFﬁ t‘l’%"’F’cﬁ@st"B‘&'Qe %tﬁ?P&ﬁ transmt
power at bl odecaipdied GidsErMBEudﬁngha:WJf\ismCnmcenndohbﬁd‘étambnops back

to the acqui g 'on : ok| i f
t here |§’Cno ?§ |n progr eé f'ﬁén |t£& er i ed@atltyt‘ﬁ %ce 635 V\Eet her or
not the m ni diffexgncedR rbetveen ptherrequived nowerdBingnanddthexi mum
al | owabl’e pOvEstya fﬁnsﬂ@rb&&cr%loﬁ%@eaéﬂvé%ﬁrw 634 on the

channel / base st at i on corrbl nat ion

. From this informatlon three ordered lists are

10 generated: one for channels with one slot open, one for

channels with two slots open and one for inactive

carriers. For each list the process sorts the arp

values from strongest to weakest (most positive to most

negative). ' Subseguently the process scans the dP

15 values of - each list separately starting with the

strongest (most positive) first, until 4P becomes

negative (i.e., dP<0)' for the first time or the last

element in the list is reached (when all dP > 0.) The

Phs.req for each of the three lists corresponding to the

20 first negative apP va.lue, or to the smallest positive dp

value are thereby obtained. The corresponding carriers

are optimal in the sense that their current transmit

~ powers are just sufficient ( largest dP < 0) or require

the least amount of 1ncrease (smallest @P > 0) to

25 satxsfy the C/ I requlrements of the user under

oonslderatlon. The Pg.,Values of the three lists are

identified as Pgpgiq(2), Ppseq(l). Pmm(_O) f_or channels

with ohe slot open, two slots open, or all three slots

open réSpect_ivély. Notice that the nomenclature refers

30 to the number of occupied, rather than op'en,- slots.

These three values are then compared with regard to the
absolute power level and occupancy.

¥



30 which requires the |owest base station power. Qherw se, the

call will be blocked at 636 and the fl ow proceeds back to the acquisition
phase 610. WKn$/¢8¥sent i nvention has been di scussed in t er NRCDUSI2517
exenpl ary enbodi ment wherein uplink and downlink 35 channel s can be

sel ected i ndependently, and wherein WO 95/ 24810 .

PCT/ US95/ 02517 24 each channel is provided with its own APC. Anot her
exenpl ary enbodi nent of the present invention is now presented wherein the
uplink and downlink channels are paired in3such a manner that there is a
fixed offset 5 (e.g., 45 MHz in the 1S-54B standard.) In this case, the
uplink and downlink Althoudghti dt 1ssgenehahéy prefernddotoselbocaug ahe

best uplink or d n ﬁ%@gg*ﬁ ai i ch
mnimzes the tr%\ﬁgryn t 5pg}\}/g:?l Taln' 0t t??é‘ﬁl nk an"?l n 1 gdoi\E/\% nk.
Thus, a nethod t¥iklniRPte W\Neﬂ-ﬁhtjé'd §&ﬁP&F—3t hin [ &rapspigtede 1{’@!’?1]' is
given by: [err] ikvelEhBeRAgAi@AE mdxDikimDe ThZaed1vthker eﬁaeaéciﬁéxh,e

system condigtions and th de5| es of _the g or ex
attention i 8 pla gatgﬁe 8 m H&sthgre eggag&gshe §gghf?1ca{1y,

Hys2,1 is the requlred ‘difference, in daB, between
choosing to allocate the mobile station to a carrier
with one slot occupied and a carrier with two slots
occupied. Hysl,0 is then, similarly, the required

10 difference, also in dB, between choosing to allocate
the mobile station to a carrier with one slot occupied
and an inactive carrier (i.e., zero slots occupied) and
Hys2,0 is the required difference in dB between
choosing to allocate the mobile station to a carrier

15 with two slots occupied and an inactive_oerrier. The
carrier with one slot open'is'chosen if both of the
following inequalities, with Hys2,1 less than Hys2,0
are true:

Ppg, req(2) <Pag, roq(1) +Hys2,1
an -
Pps,req(2) <Pps,req(0) +Hys2,0

Otherwise, the carrier w1th two open slots is selected
20 provided that:

PBS.zeq(l) <Ppg, 1eq(0) +Hys1,0

If the selection criterie has not yet been satisfied,
then the 1naot1ve carrler with the lowest requlred_
transmit power is selected. '
| As may be gleaned from the above, the greater the
25 hysteresis values, the greater the slot packlng. It
o can also be observed that there is a trade-off between
maxlmizlng slot-packing and taking the channels with
the lowest requlred transmit power. According to an
exemplary embodlment, Hysz,l is equal to 3 dB, Hys2,0
30 is equal to 9 dB, and Hys 1,0 is equal to 6 dB. 1In



nobil e station battery life (i.e., mnimzing the transmt power of the
nobi | e), greater weight should be 20 placed on mnimzing [err] so b
shoul d apPOY2480 one. However, if for exanple, capacity i PCIUSHASIDY t he
downlink (e.g., when the base applies receive diversity with twe receive
antennas or has other neans to reduce its C/|I while maintaining
satisfactory Iink quality), 25 nost wei ght should be placed on [err] so
b shoul d approach zero. It should be noted that if the interference
situations in the uplink and downlink asg highly correl ated, then
-mnimzing the sumcones close to mnimzing either [err] or [err]

i ndi vi dual | y. otheral wo2fs, - ctderactbdsabe sant hinactive osarriler ,anthe

i nterference %ggg];fﬁ&e% Yedvel Viﬁié:ll.‘ ;ggefﬁ?t%é%sexe {18&&1- Eé| n_

performed as he ear| |er SCri K enb
WO 95/ 24810 23hat meaudged on an agt Xﬁsemlﬁﬁamthetwebﬁ ets: ddlen had
the same capaqirid/ ats lelgtbesaBsicier than t3i Heimirea b&nﬁﬁ aétiokce

chamel ss, i VIRariPhley, 2613, Ok i abEilBur it e
with one slot idle is preferred over an active carrier
with two slots idle if the former does not require a
power level which is more than 3 dB of thatireQuired on
the carrier with two slots idle. Note that these
10 values are offered for the purposes of illustration and
are not meant to be limitative. : : _

‘In the_downlink, for this exemplary system, the
C/I ratios on all slots sharing a common carrier are
the same, thus, it is immaterial which slot should be

| 15 selected if more than one is idle. - Therefore a random
selection could be made, or the selection can be
determined by the uplink characteristics as-described
next. | ' ' ' _

Again the base station which is selected is not

20 neceSSariiy that with the 1lowest 'path loss (i.e.,
ostensibly closest) since another base station with a
higher path ;oss (i.e., ostensibly further away) may
offer better slot packing possibilities. In the
description above, for the purposes of illustration,

25 the number of time slots in the TDMA frame was chosen
to be three. Those skilled in the art will observe
that the presen;_invention may'be_easily extended to
other TDMA sYstems usihg mere than three (or 1eSs than
three) slots. For example, there will be an equlvalent

30 number of ordered lists and time slots._ '

'An exemplary embodiment of the ACAPC process for .
the upllnk is as follows. Since the mobile station
only transmits in its own time slot and shuts down the
transmission in the. other slots, the dlfflcultles in

35 determlning 1nterference found in the downlink are not



over 1000'traffic channel s, such as the system defined by the |1S-54B

speci ficati_on, Is inpractical for the nobile to nonitor every channel.
| n additi orW?35'?‘Wé large scanning load in the nobile $CAUSIHO251TIDVA
10 protocols further exacerbate the scanning problemin that it is

i mpossible to determine the downlink interference on each individual
slot. This is a result of the continuous transm ssion fromthe base
station. As is well-known, a TDVA system d| vides the 30 kHz wi.de 15

channel s used in AMPS into tine slots. | 8754B, for exanple, divides the
channel into three tinme slots, resultln in.a three-fold increase in traffic
capacity. For re&¥perisnged) imetheomwp -hi sIni addd&ion, tthe pmekileation

tr?_nsm' tSTﬁn a:cl stdmenﬂow:gb'enlb shetefﬁxﬁastO:ne ip@®nion oagesl nﬁx
active. er ef or n_i n ne .ti sjot is sed, all three
time slots on théﬁ?&?ﬁfe&'ﬁ'r |t3’f ?:“Ef ae ‘E?‘éﬁm rig?) YRE ERRRNCRRE| o

i nformati on on t nf ithes ddvm]si)nk,Arand ItMrperfnrmﬂnd:e]eof Saﬁd&y:;tmsist
structure i g sho OHg € 2 et

shown, the c%urremiﬂs{}setﬁe Hgl It(z)!ceatés to%ch C annelé{év\ougé}ﬂtﬁ er frarre
(i:e., TSO = TS3dowyilinkrcan bejselected independentdihothecbest| yplink i be
the function of dan wemuﬂnbynuaﬂialvléq&htliem (2) Peépeatia Beséwi witen of

Lhe Problem 30 1 ol RS Hepiada bl "z, bh oF ! £5F " nd " s2108VAngY SEER ' ©
' channel base/carrier/slot combination  that gives the
10 lowest Pysieq(J,F,TS)

Pys, 10q (T4 F, TS) = —g)',,bpr(_;J’) +I(J,F,TS) dB (4)

When the-uplink and downlink channels are paired (e.qg.,

with 45 MHz off_set)', then the uplink should accept the

15 -base/carrier combination (J,K) found by the downlink

process as d_ecribed before '(einoe' this is the best

combination for the downlink which is limiting the

- performance). If more than one idle time slot is

present on this base/ carrier combination, the uplink

20 c,an' now be optimize’d by selecting that time slot that

gives the best uplink performance with the lowest

Pysreq (T F TS) Exemplary embodiments of a mobile unit

and a base station in which the foregoing exemplary

channel allooation schemes can be implemented will now

25  be described in conjunotion with Figures 10 and 11,
. respectively. |

In Figure 10, the_ mobile station 900' has an

antenna 902. A transmitter 904 is connected to the

antenna 902 and 1s controlled by a transmitter control

30 unit 906 which, among other functions, is able to

-effect channel allooation in conjunction with control

logic 916. 'I'he transmitter is also connected to a

signal process:.ng unit 908. A receiver 910 is also



Wth regard to Figure 7, assune that a base station uses tinme slot TSO on
carrier 1 to communicate with user A. The slots TS1 and TS2 on carrier 1
are 35 woestmsreed to be. idle. Now user Bis al so cl ose roOTAwRs#®H2517 WD

95/ 24810 - ' PCT/ US95/ 02517 26 base and
Is interested in startup, or hand-over, of a call on TSl or TS2 on carrier
1, which, as stated, are both avallable The nobile station would

therefore'.l i ke to determ ne the downlink interference on TS1. In 5 our

notati on, the downlink interference on fg@se station J, channel K, and tine
slot, TSx, would be witten..as [érr] Therefore the neasurenent nmade by the
mobi | e st at | ooonneoteddoo/rlthekantemaeamCB axgedhtim ¢t ifmeo saditsiplsbat | on A,

on channel 1, Vﬁw [y r tation.
Si nce base stg‘. on %Lg'%)es no &éﬁq‘fmtﬁﬁégoglme?&g te %&gﬂgétl nues
- to transmt (948@ teRNNRGRedO Ehesignal TROPceRsing it s wel |,

user B measurgadfo! aé&ﬁl t(V\/Qbi'h wama&qwgqllxad%dﬂlaﬁwl%étrength

e 1 o ool g Bhrenere Bt aniilin S0k MG BOL A N
this case a neasurentié @&ignal processing unit 908 includes, for
example, circuitry for channel coding, channel decoding
and signal processing of ixiconiind_ and outgoing speech. |
The signal process'ing. unit 908 is also connected to a

10 microphone and speaker in block 914, and to control
logic 916. In turn, the control logic 916 is connected '
to the transmitter control unit 906 and to I/O-block
918 which processes the I/0 signals from a keyboard
(not shown) and to a display 919.

15 Figure 11 is a block diagram illustrating an
exemplary base station.' Although the block diagram of
Figure 11, is J.llustrated as a s:.ngle system, those
skilled in the art will read:.ly appreciate that the
hardware. shown in Figure 11 can also be distributed

20 over several _un_its_, for instance over a base station
and a b_ase station control_ler. '

The base station, generally referred to by
reference numeral 1000, has three antennas, of which
two, 1002 and 1004, are used for receiving signals,

25 whereas only one antenna 1006, is used to transmit
‘signals. A transmitter 1008 is connected to the

" antenna 1006 and is controlled by a transmitter control
unit 1010. The transmitter 1008 is also connected to
the signal processing unit 1012. - A receiver 1014 is

30 also connected to the antennas 1002 and 1004 and the
signal processing unit 1012. Radio equipment for
modulating and demodulating and equalizing purposes is
included in the blocks 1008 and - -1014. The signal
processor unit 1012 provides for 'channel coding and

35 decoding and process1ng speech in the incoming and



the downlink interference strength on TS1 is inpossible. (Note that
the idle power transmtted in 20 TS1 would only be an interference to
user B if WOSHRABE sel ect TS1 on carrier 1 on a different bRCEFUSIIMASEr ve
that, in the previous exenplary enbodi ment, downlink interference _
‘measurenments were nmade on idle channels.. That is, the nobile station would .

only neasure the RSSI' 25 -of downl i nk channels that were currently not
being used by - the base station to which a link was being considered.
Downlink interference neasurenents coul d9 be avoided altogether if one
-can rely on a high 30 correl ati on between uplink and downli nk

i nterference condutigming direchionsascThéysignads prpcesscdreanitplobhR idannel

usi ng the method g5t Kk
o 0 e Tt Gl e W 7
interference 35 tO fFbesGOOFERLS 1091619 afB BB§§erBebEEBE§%1 PFige

WO 95/ 24810 1018 is connected to the transmitte2CEort2010dhi¥ £510he
base statiog§, the nobiles transmit on only, for exanple in |IS-54B, one
sl ot of thrée Measur enent's nade on unoccupi ed slots would therefore only
i ncl ude -~ Figure 12 is a block diagram which illustrates a

portion of an exemplary base station controller which
handles the ACAPC routine .according to the pfesent
invention.. The CPU 1100 will receive the measurement
10 data, perform averaging, make ordered lists and perform
the other decisions described above regarding the
allocation of channels. The memory 1101, in addition
to storing current channel allocation assignments, can
contain a database including information regarding the
15 geographical characteristics of the surrounding area
which can be used to make predictions. Alternatively,
such a database could be located at the MTSO. The I/O
unit 1102 can connect this base station controllers to
other BSCs, the MTSO and the base station that it
20 controls. '

Those skilled in the art will apﬁreciate that the
foregoing exemplary mobile and  base station
descriptions are intended simply to illustrate
apparatuses which can be used to implement the channel

25 allocation schemes according to the present invention
and that any other type of base station or mobile
station can be used. For example, those systems
disclosed in U.S. pPatents Nos. 5,230,082 entitled
"Method and Apparatus for Enhancing Signaling

30  Reliability in a Cellular Mobile Radio Telephone
System" .to Ghisler et al. and 5,109,528 entitled
"Handover Method for a Mobile Radio System" to
Uddenfeldt can also be used and the disclosure of these
patents are incorporated here by reference.



interference. If the correlation is poor, as it nost 5 often woul d be,
one nmust nmake a prediction of the downlink interference. Therefore,
accor di wmp ¢sp4gnot her exenpl ary enbodi nent of the present pCTrUsIsIORSNT, a

" method of predicting the downlink interference levels is included to deal

W th situations where direct 10 measurenment thereof is inpossible. To
predict the downlink interference, one should identify the base stations in
a wide range around the nobile station that are transmtting on the sanme .
channel . The | ocation of these bases gmd -t he power 15 | evel s they are -
currently using on the considered channel, nust be directed to the base .
station control I errRei ngbbve-dedEEibed c oacamplary g. emhdﬁitnimw(amﬁe of

Figure 3, this ase, st (o] 0.),4hi i shed,
fo Cexamp o ipFERded©sy Bd PRIIARRERRO, 35 A)T "RabaReRy TRCAHEY
interference tMarQ%tbécthWUd@ﬁ themr%ereiariqum h%:ad-]b@cent
channel rej e%t&@eﬁ‘ECtlQ{veer&Peﬂb @Welaterwfn%rwﬁﬂbas erause of
t he non-ideal erations in trans é recei ver.
The poweh spedetaiied” Juplenentations ih S ohe' 98FIvRA SAPRCERE bands.
but instead faéseriptien emﬁtmnhe@rhe:feirhéayf mcperson skilled ivedhe gure
B ouon hBE OUNRIL NG RPiedfGRVCadd! WRaffVUALGH St 1S not

rectangul ar, ~and sone
considered to be within the scope ‘and spirit of the

present invention as def:.ned by the following claims.



30 outside of the receive band is taken in as well, see Figure 8(b). The
total adjacent channel interference that user A introduces to user B can be
seen i-n Fi Wo95/288§18) and is determ ned by, for exanple: (a) PCHESSNANE of

t he power spectrumtransmtted 35 : by user A, e.g., the curve
in Figure 8(a); WO 95/24810 Lo :

PCT/ US95/ 0251 ute val ue of the p ' user
A e.g., the ﬂmﬂmﬁ“mﬁ f Figure 8(a); (c) ||-trhes SHEET BAS BEEN

characteristic *o c usem B s*5 41 receilver, @®EPLACEDe curye in.
Figure 8(b); and (d) the frequency offset between .
Itens (a) and (Claims:be derived fromthe system speC|f|cat|ons (or from
the specification of the 10. transm tter and receiver equipnment). Item
(b) is the transmt power used A which informtion can be passed on to
the systemand item (@)meﬁh%maesmmqmp% iqchamnels i@ on

factor can be def&dfdneomuehigaticnssysten (Somprilsiny . theTgeqwedsfwth t he
15 absol uge transmt povver of the adj acent |nterferer t he

(a) measuring, in a mobile station, an RSSI of
control s_ignalls broadcast from at least one base
- station;

10 | (b) determim.ng a path loss between the mobile
station and the at least one base station us:.ng the
RSSI measurenments;

(c) measuring, in the at least one base station,
15 an RSSI of interference signals on a plurality of
available traffic channels;

(d) determining a transmit power required for the
mobile station to produce a signal on each of the
20 plurality of available traffic channels at the at least
one base station, wherein a strength of said signal is
a predetermined level above a _ correspbnding RSSI
interference. level measured ‘on the traffic channel
taking into consideration the path loss; and
25 | |
'~ (e) assigning an uplink channel based on said
determined transmit powers. |

. 2. The method of claim 1 wherein said assigning step
30 further comprises the step of:
- assigning said uplink channel which will minimize
transmit power in a plurality of inobile stations.

3. A method for assigning downlink radio channels in-
35 a radio communication system comprising the steps of:
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-adj acent channel interference can then be determned. |If the spectral shape
indicated in item(a) and the filter characteristic, item(c), are not
exact | y vhmnosigugioat - | east there exi st syst em speci f i cat i ongCwiusesn2give 20

wor st case conditjions for_alisq e spectral stapeanmd fTitTer response.

Using this infofffat o M-|| case adj acent ence can
be cal cul ated. Unty e'REE?EAcEBW ousilsi tuation WneHn m}m "ﬂ;‘"i d be
cal cul at ed. fromjpLLot -stearad —frat a, the path 25 @ssiiromeach of thes

bases to the nobiTe- statlon i's predict ed2 Because of the frequency plan
adopted for the control channels, only the nearest (i.e:., the closest 21)
bﬁse stations can ua)nammnfprihhasmamIé)ysbatbonmhhnh R8SY iofl uded in
t he measur ement es ur d ned, as
previously di 586’3'5&} f%#na%?orﬁg{’{gglﬁgg nt%llcélﬁledaavcﬁct ﬁ'%tr? tkh gggsgﬁg%%nt i on and
measur enent s wkéddism;t he nobile station. The interfering signals are

however nore likely to 35 cone fromdistantly located base stations. The |
contr ol WD 95/ 24810 [ 1US95/ 02517
29 channd s from t e dgternining,a (Rﬂﬂbtlﬁﬁsr@m?% the mobile

station and the at least one base: station using the
RSSI measurements He

(o) measuring, in the mobile station, an RSSI of
10 interference signals on a plurality of available
traffic channels; : L '

(d) determining a transmit power required of each

of the at least one base stations to. produce, at the

15 mobile station, a signal on each of the plurality of
available traffic channels having a signal strength
which is a predetermined ievel above ‘a corresponding
RSSI interference level measured on the traffic channel
taking into considerat.ton the path loss, and

20 o

. (e) assigning a downlink channel based on said
determined transmit powers.

4. The method of claim 3 wherein said assigning step
25 further comprises the step of: '
assigning said downlink channel which will
minimize transmit power in. a plurality of base
. stations. '

30 5. In a radio communication system wherein uplink and
downlink channels are separated by a predetermined
frequency offset, a method for assigning radio éhennels
comprising the steps of_:
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directly since their signals are overpowered by those base stations in
close proximty which have already been neasured. Therefore only a crude
_predi cti onwdodn4gio the i nterference emanati ng fromthese bageraisodizeiys can
be made using known propagation | oss nodels and/ or geographical data of the
| ocal surrom@m&-ﬁrm | ocated in a data nected.to the base

station control Ie of " known propagat qtp“g gﬂgEji E'(?P\d ¢l s can
be found, for !\E“ Ckurrura et al., "Fi tn“m 1
Variability | ‘ﬂm and Mobi | e Radi$ Ser vi : :
Comm Lab., Vol . 16, Sept.-Cct. 1968, pp. 825- 873 and M ‘ Hat a,

gErm! rical f‘érE EulTa folaf’rﬁsaﬁﬁi'%ﬁﬁ LQﬁSth& ia'ébneLeltat%hi ! anRéR@sfi of
ervi ces", raps. . on_ Ve e g.

317396, ' These HORRTRA, BASHAAS hEeadtast, Erom Af:; baegtliqpe badd
transportabl e testatiemgmtters at proposed base | ocati ons, and the use of
a specially equi pped vehicle to neasure RSSI .in 20 a Iocal area. Once
the transmt powers and the path l.osses are known, the signal received in
the nobile $rom each HBledetRIMining: A .Path Bps&ideetiesn thesmohide

| evel s toget her, sta®i6fli ahdortef dbeleaker lonecsee cEtation 0Oikangedhe
Al ternatively, between all of the base stations can

Lﬁg gath | 0sses €
be measured wher™TH E?%?W%n f&tall ed and stored within the network
dat abase. These data can be periodically updated as

(c) measuring, in the at least one base station,
10 a first RSSI of interference signals on a plurality of
available traffic channels;

(d) determining a transmit power required for the

mobile station to produce a signal on each of the

15 plurality of availahle traffic channels at the at least

| one base station, where:.n a strength of said signals is

a predetermined level above a corresponding first RSSI

interference level measured on that traffic channel,
taking into consideration the path loss;

. 20 _ :
(e) measuring, in the mobile station, a second
RSSI of interference signals on each of said plurality
of available traffic channels;
- 25 (f) determining a transmit power required of the

at least one base station to produce,' at the mobile

station, a signal on each of the plurality of available

traffic channels having a signal strength which is a

predetermihed level above a corrésponding second RSSI

30  interference level measured on that traffic channel,
o taking into considéfiatip_n the 'path' loss; and

(g) assigning a radio channel based on at least
one of said determined transmit powers required of the
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characteristics of the terrain evolve. An exanple of interference
prediction will. now be 30 described with respect to Figure 9. Therein

mobi | e 5*’61'9%/9&1!‘\ is close to base station A and wants to gcgidsh@éR;2 cal
over channe on base statlon A. The network s*car‘rs-t—he—r—egu;n_aig nd bas
station A for othe - : Lt finds three 35

s t hat use chan
bases L, M~ A SHEQT mstBEEsts these. base s !ﬁ'ﬂﬂ"u mm" 4810 .
PCT/ US95/ 02514 "30 qqg:umtsmornal‘l y scanned by a ocat ed near
\__gi-re e e T enot el Ya | ocat ed. (The m)bl e usual |y scans
closely |l ocated base stati ons such as ?hrough Ginclusive). It is known

that base 5 I O e Kof O
dBm 10 dBm an(?§,t1l§E Béléares ec |ve%1a5£a ‘fen our ‘iatlong%ng 4 “iéerr] 0
dBm [err] OrGBh‘;lr&ﬁd"FthF at éB#FtTﬁﬁgebﬁaﬁbEFQtlaﬂe sent to the
‘base station 10 controll er of base A together with the |ocation of

station A ndethe EReyEe %ﬁa%%asiaw.sﬁsrewnséﬂé.é’é%‘né‘ﬂ‘fﬁé FeRRor k ﬁ:;e
have ext Ba further compr:l.ses the step of: C
' assigning _sai.d ra_d:.o channel which will minimize
a weighted sum of said determined: transmit powers
requn:ed of the mobile station and said determined
transmit powers required of the at least one base
10 station.transmit power in a plurality of mobile

stations. = - - . | ‘

7. The method of claim 5 wherein said assign:.ng step
further conprises the step of:

15 assigning said radio channel wh:.ch will mxnimize
uplink transmit' ‘power. o

8. The méthod" of claim 5 wherein saiad assigning step
further compr:.ses the step of: _ -

20 ass:.gning said radio channel which will minuuze
downlink transmit power. )

9. A method for assigning downlink radio channels in
a radio communication system comprising the steps of:

25 o |

(a) measuring, in a mobile station, an RSSI of

control signals broadcast from at least one base
station; ' '

30 (b) det_emining a path 1loss hétween. the mobile

station and the at least one base station using the
RSSI measurements;
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i nformati on about the terrain between base station A 15 and the other

base stations (e.g., nmountains, hills, high buildings). Fromthis

i Af or mat i orwcbb&zqsat h |1 oss between base station A and the i Npetfusssg1ases
can be determ ned. Al though the | ocation of the nobile’ station is not
exactly known—{unless—the—system 20 contains p=kocating feature which
can determ ne the | ocati he mobile within the ance
is large it q:anm ﬂ“m!!ﬁ@ﬂﬁ?d that the path | os T fler i ng
base stations tion does n devi atle= ---—-----: om.t hé@ path
25 | osses to base station A. Alternatively, a so-called beacon may be .
enpl oyed from Wm ch t heye prRididtimmesanoRssy dbof eihk—.&reaicéhaéd g ifgfridid he
total nunber éﬁég(ﬁtggangel s avall a%l one cha neI he sel ected for
use as a radi o b hgpifsa ‘iﬁ . op t?é’ osen

to be transmittedfsagpduraiity of oavailable ‘drafﬁ:nc d:hamslax i ons.
obtain the path |-osses between any given nobile station and a di stant base
station the_nobile station can Pe i nstructed o scan a beacon frequency 35

Each base Jstation {fbrdetermining a transpit peway requigessof
.PCT / US95/ 02517 of the at least one base stations to produce, _at the

mobile station, a signal on each of the plura_lity of
available traffic channels having a signal strength
which is a predeterminéd level _abbire a corresponding
10 ‘RSSI interference level measured on that traffic
channel, taking into consideration 'Eh_e path loss; and

(e) assigning a channel based on said determined
transmit powers. '
15
10. The method of claim 9 whereln sald assignlng step
further comprises the step of: .
assigning said channel wluch will minimize
transmit power.
20 o | _
11. - A method for assigning downlink radio channels in
a radio communication systen comprising the steps of:

(a) measuring, in a mobile station, a first RSSI
25 of control signals broadcast from a first base station;

(b) determining a first path loss between the

mobile station and the first base station using the
_ first RSSI measurements; |
30 | S

- (¢) measuring a second RSSI of _é beacon signal
broadcast from a second base _statior_i :

(d) determining a second path loss between a

35 mobile station performing the second RSSI measurements
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31 information identifying the particul ar.base station and its power |evel
on this frequency. The nobile station can nmeasure the RSSI of this signal

and denggglegbse he i dentification information according tgerifibkedsipWn 5
met hods. Det erm nation of the path | oss can then be obtained as previously

descri bed. ' | pdaed.—the—mnbils ation can sinply report Taw-RSSkdata back

to the.base T"ﬂHlB(BHEEJTNAS)BEEN Since only one b d br oadcast
Sl data 10 mﬁmm Lﬂiﬁ% 0 an

t he beacon af| a tlnepLAd)enraw
p=het wor K. éssurre t hate Iosses
n

i ndl VI dual b J\/ \JC Ull?l U I TJ
(predicted or neasured) frombase statrons L, M and N to the rmblle

station are 160 dSeelBnanhad SEatiSRPBELRNBLKLIAG thd'OBbdou N0 OUI

notation to express path ['oss between't | atron an
station J, wesdsp@li[err] 160 dB, [err] 155 dB, and PL(Nj= 170 dB. By using
the known transnit powers of base stations L, M and N (i.e., [err] dBm

[err] dBm and 20 rd ath 0SS t he red ted RSSI s
received in the modi®e %ﬁ%ﬂ)‘%’g ‘“3gﬁ':€?5$ é.’vfg?r ﬁ%’ Sa equatlon
with thesval uﬁwdﬁ@edotortlt&iﬁl@xMrmeltSheushngr fmeniersftonam&ch base
station is: 23econd path 10s® Walued; - CdBm - 160dB = -160 dBm

(£) determining transmit powers required for the
_ first base station to produce, at the mobile station,
10 'a signal on each of the plurality of available traffic
channels whose strength is a préedetermined level above |
an interference level estimated on that traffic channel
taking into consideration the first and second path
_ loss values; and | | -
15 |
(g) assigning a channel based on said determined
transmit powers. o ' '

'~ 12. The method of claim 11 wherein said assigning step
20  further comprises the st:ep of:
_ ass:.gning as said channel a channel wh:.ch will
minim.ze transmit power.

13. A method for assigning downlink radio channels in
25 a TDMA radio communication system comprising the steps
~ of: ' '

(a) measuring, in a mobile station, an RSSI of

control signals broadcast from a first base station;
30 (b) determining a path loss between the mobile
station and the first base station using the RSSI
measurements;
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[err] (MK) - 10dBm - 155dB = -145 dBm[err] (N, K) - 15dBm - 170dB = -155
dBm The t I icted interference [err on. channel K results fromthe
addi tion %glgﬁg@ggval ues whi.ch anmounts 30 to approxi mat (if ISPHN2SET (1B

Note that the peme#s—ws{—b%added since the vol tages are uncorrel at ed.
The predicted [err] can: then sed as described bef —Ln this manner
dUe to the v !ﬁﬂ ll i!llﬁllﬂ Ilre-d whenever t he ‘nobi lleTaleRéhe HABSERRT |
due to the . REPLACED

PCT/ US95/ 02517 32 Si gnal i ng format or Ii m4t7ed scanm Les i

unabl e to neasure these val u rectl Ln_all_of the enbodi men ts
presented so far, it. B§§§§rﬁgi’c‘ﬂata hRSSPCafy ntRERTERF ence p§\?o€F‘aI1§veI on

each 5 channedmanat ing £rdy .a sedundPaswy Station on dcploralieyabiel ity.

For exanple in t - hi.s is.only true in the uplink: the
nobile station %%}S‘}bﬁgér?s%fésﬁgr\ éﬁr&b%%'sl ot onits ow carrier, and can

freely adjust its power level. Thiis is not so in the 10 downl i nk. -
Because of g he absencgs Pladtrufining B it dridhit Poier]dohOedBh: camErcannot
be ranped up or down etween slots.” Therefore, "all slots sharin e sane

having one slot open, needed for each base station to

produce, at the mobile station, a signal on the

plurality of available traffic channels having a signal

_strength whlch is a predetermined ' level above a

10 .correspondlng 1nterference level measured on that
traffic channel; '

(e) 'determ'ini‘ng a transmit power, on each carrier

having two slots open, needed for each base station to

15 produce, at the mobile station, a signal on the

| plurslity of available traffic channels having a signal

strength which is a predetermined level above the
interference level measured on that traffic channel;

20  (£) determining a transmit poﬁer, on each idle
carrier, n_e_edéd for each base station to produce, at
the mobile station, a signal on the plurality of
available traffic channels having a strength which is
a predetermined level above a | corresponding

25 interference level measured on that traffic channel;
and _ " . :

~(9) ass_igning a channel based on said determined
. transmit powers. -

30 14. The method of claim 13 wherein said assigning step
- further comprise the following steps:

(a) : arranging- into 1lists ' ordered based on
_increasing transmit. powers, the transmit powers on
35 t_hose_. carriers with one slot open, the transmit powers
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carrier all use the sane power level in the dowlink. As we have seen
before this is even true if a slot is 15 idle. Only if all three tine
sl ot s ar ewo o§/masman the base shutoff the transmt power onptfvesesmasmnel . It

is also clear that to avoid wasting power (and~Lo_LeQQQ§~QX§LgLL

I nterference), |dIe sl ots on active carriers;:should be avoided:— This

nmeans that the 1 207 thene shoul d Hmumm ze the
E||Q|§a§|. \, ﬁﬁ%ﬁ Las possi bl e mum(”m time slot

nunber - of call sijo
packi ng i s desi -@9 B and| can bggpart of ?hé'aWIoeatfon process

wherein priority .can flrst be glven to placing calls on those active
carriers with g5 thobdl 8afkobfs WItRXEWD! S1¥tE Geh NEid e tiarupment
i nvention for a s temW| ég downlink transmit power restrictions as
descri bed abov8°7' RoRPdASLEsSBYT1e%8 i st i ngui sh the carrier fromits

H

_)nr—'_

constituent slots (a channel is 30 made up of a carrler frequency and a
tinme slot) we wll %%%F ar Sallg NU by nmber by
TS. The APC in the(gz 1T hn 4 h| S g'?e a%é/senbv}gL %ﬁt)eﬁwassuned :

to be |inPted tﬁanﬁniﬁtﬁénPOP#rtdkﬁﬂ%k oHvkhe ofiiyst bﬂsstststssmudsu t hat
the power 35 giha aoeh&.-ehhedwmh oS RAGt tdpddwnm réiddirdie 1enest

power than said current transmitted power level.

(c) comparing said lists 'uith the current

10  transmitted power level of the first base station to
find a carrier with two slots open ‘which requires less ‘
power than said current transmit power level.

(d) comparing said lists with the ' current

15 transmitted power level of the first base station to

' ' find an idle carrier which requires the least amount of
transmitted power; L

(e) selecting said carrier with one slot open
20 which requires less power than said carrier with two
slots open plus a first predetermined level and less
'power_ than said idle carrier plus a second
predetermined level. o

25 15. The method of claim 14 wherein said step of
selecting further comprises the step of: '

' assigning said first predetermined level a value

which is less than that of said second predetermined

level.
30
16. The method of ‘claim 13 wherein said step of
assigning further comprises the following steps.
(a) arranging - 1nto lists' ordered based on
35 1ncreas1ng transmit power the transmit powers on those
—__———f—~—~‘"”””“f L



WD 95/ 24810 PCT/ US95/ 2517 33 C/ 1., all
other users using the same carrier will then have excess quality in the

downl i nk (iweesre@idetter C/l..than is necessary). - To m ni N peTidsssesii
power, the allocation process shoul d al so organi ze slots such that 5

t hose nobil e stations needing a simlar [err] wll. IfE e same
carrier. The IS the sane as bef- or .1 | ues
are derived félmlﬁlmllmmmm n the mobile stationjl

interference [err]e (F) 40 s is either nmeasyged or predi --_.___q in

the downlink, the interference levels on all slots sharlng a carrier F are

the same. In thecamewslmﬂevehepgioﬁot@érpn tﬁ@r&ahEmiISSod&’sr lod F
TS2) [err] (F TS% Lerr ,12 r&aﬁhe re wreé ransmt
power [err] on bX08%% ‘]ﬁﬁ(z? e&?sll"?:‘élﬁ 1b"g"ca? St 2ReR s AR t trangmit
repeat ed bel ow wppwerhenv&healiddeKcaepliersg by F. [err] . (3) Only those
bases, J, are taken into account that are in 20 t he neasurenent |ist, and

only those carriers, F, are taken into account that have at |east one i dl e
time slot. Phe pr oces$b)or ‘FOMPABIRG | niBadshsi 4dstst i ekth heacarewrrentuni ch

are already actitganBnitéede ptiwdreddvel of the first base station to
find a carrier with two slots open wh:.ch requires less
power than said current transmitted power level;

10 | (c) finding an idle carrier which requires the
least amount of transmit power; and

(d) selecting said carrier with two slots open
which requires less power than said first idle channel
15 plus a first predetermined power level. |

17. A radiocommunication systém comprising:
means, disposed in a mobile étation, for measuring
an RSSI of control signals broadcast from at ieast one
20 base station; ,
means  for determining a path 1oss between the
mobile stat:.on and the at least one base station using
the RSSI measurements; | _
means, disposed in the at least one base stétion,
25  for measuring an RSSI of interference signals on a
| plurality of available traffic channels;
 means for determining a transmit power required
for the mobile station to pro_duce a signal on each of
the plurality of available traffic channels at the at
30 least one base station, wherein a -strength of said
signal is a predetermined level above a corresponding
RSSI interference level measured on the traffic channel
taking into consideration the path-loss; and

This Sheet Has Been Rerlace

HIIII v




- carriers

25 one i‘dle sl ot . These carriers are currently transmtting at a
transmt pover [err] that is controlled by the user with the lowest CI.

I N acconrg %2 %y\e]th this exenplary enbodinent of the porwsstesm all
I C

ave all slots idle are mactrveWered at
: with open slots. The carrier -

the sane tine

currently usddrgRogherhaoBEENI ficl uded; it is r‘r& only one
WO 95/ 24810 —‘-ﬁ REPLAGED ' mmumum 4 sl>/ot is
occupi ed (i -

_, e UQC

‘under 5@0nsr der ati on) o™ ottherwi se mar ked
active (then X other users are sharing this carrier) with X slots occupied .

not including the 4Rl NE6E SB1AING! I upLiniNenahRRRC pase con
subsequently cal cul at es e dlf erence dP etvverén t he rgggl red

[err] and the%qjaﬁe‘i?ﬁ’ﬂéﬂ? rBOYTFE hagctd VBT E FE’F%“ err] |
Fromthis inf grirddxda.t hr ee or der ed _Ilsts are- 10 - generated: one for
channels with one slot open, one for channels with two slots open and one

for inactive-carriers. For each list the process sorts the dP val ues from
strongests t o idakedhe nsystensiafl velabmnddt where:.n said means for

assigning further comprises: L
means for assigning said upl:.nk channel which will
minimize transmit power -in a plura-l:.ty of mobile
 stations. | '

10 - S L
19. A radiocommunication system comprising: o ‘
means, disposed in a mobile station, for measuring '
an RSSI of centr‘ol signals broadcast. from at least one

base station;: L _
15 means for determining a path loss' between the .
' mobile station and the at least one base station using
the RSSI measurenments; S
neans, . dlsposed in the . mobile station, for
measuring an RSSI of interference. .signals on a
20 plurality of available traffic channels; _
means for determining a transmit power required of
each of the at least one base stations to produce, at
the mobile station, a signal on ‘each of the plurality
of available traffic channels having a signal strength
25 which is a predetermined level above a corresponding
RSSI interference level measured on the traffic channel
taking into consideration the path loss; and
means . for assigning a downlink channel based on
said determ:med transmit powers.

30 e _
' 20. The system of claim 19 wherein said means for
assigning further comprises: |
means for - a551gn1ng said downllnk channel which
will minimize transmit power in a plurallty of mobile
35 stations.
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negative). Subsequent |y the process scans the dP 15  values of each

| ist separately starting with the strongest (nDst positive) first,. until dP
becomes ned¥RP24810 .e., [err]) for the first time or the | a®CTASYMAL in
the list is reached (mhen all dP > 0.) The [err] for each of the-three
lists correspond—ﬁg_ro‘rhe*ffr—— first negative dP_value, or to the

smal | est positi her eby obt ai ned. poT rriers
are optimal in Imum Igﬂjg]@ ﬂmEeI r current transn f“g \%GEE
sufficient (larges equi re thesjeast: - _ ase

(smallest dP > 0) to 25 satisfy the C/I requirements of the user
under consi der at Rdr. AThadﬁercpmnahmeatiéntbgsthmeeohpslsinge identified as

Lerr] (1), Terr] Toryghapebaaiaindiss biariRl & Slrathad !

three sl ots open_ respectivel Not I at e nonencl a ure r
t he number of ocEMpPeBreﬂﬁFﬁEPiFﬁﬂnfBﬁGHen§YoP§f'¢ﬁése three val ues are

then conpared with reﬁaaﬁlst,o dispokedl Utin PamNY MOKLANGRAGHANCY or 35
St o b SRREERDE e RERE B Fiotdlaghit, ol
transmitted poweileast one base station;
means for determining a path loss hetween the
mobile station and the at least one base station using
the RSSI measurements; :
10 means, disposed in the at least one base station,
for measuring a first RSSI of interference signals on
a plurality of available traffic channels;
means for determining a transmit power required
for the mobile station to produce a signal on each of
15 the plurality of available traffic channels at the at
least one base station, wherein a strengi:h of said
signals is a predetermined level above a_cofrespondinq
first RSSI interference level measured on that traffic
channel, taking into consideration the path loss;
20 - means, disposed in the mobile station, for
measuring a second RSSI of interference signals on each
of said plurality of available traffic channels;

means for determining a transmit power required of

~ the at least one base station to produce, at the mobile

25 station, a signal on each of the plurality of available

traffic channels having a signal strength which is a

predetermined level above a corresponding second RSSI

intérference level measured on that traffic channel,

taking into consideration the path loss; and

30 | means for assigning a radio channel based on at

least one of said determined fransmit powers required

-0of the mobile station and said determined transmit
powers required of the at least one base station.

,_;.~—f¥-—“'“;;"_
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" level s being nea ibitate the decision, 5 hystere5|s

values are est.ahmﬁgngETHggyggﬁlpaJIy Hys2,1 is t he required
di fferetwggsu.moj i to allocate the nobi lpeTaisedd81y t0 a
carrier with one=ssks Hla carrier with two slots occupi ed.

Hysl,Ois then, sinilarly the eequired 10 mrﬁ—dB

bet ween choosT{frg~ Jvorgatie. nobi |l e station one sl ot
occupi ed and a”IfN' ARV RS E (i.e., zero sl &%'LIE HysZ Ois
the required difts ce—FR—0D Bt ween CcBeosi ng to a Ioca

station to a carrier 15 ~with two slots occupied and an |nact|ve carrler

The carrier wigh ommes! syseaenors clwien 21l Weéredh Wadd Chsoidiing

|nequaI|t|es W|th | ess _than Hys2,0 are true [err] and O herwi se,
the carrier %@ﬁt COPRLriEe8a| ected 20 ‘provided that: [err] If
the sel ecti on cri t meanshfornessigningesaidt rediedehahneltimid;hnacillle '

carrier wth € s t tr, r.
himiYesta ﬁﬂﬂbﬁéda rs% e QQW& de‘i:ei%h‘%fédagﬁ Al

. gl eaned fromthe above; reate hysteresis v
greater Bhe sPGP’eﬁéckirﬁ@“ bén%%lave%tqmntm% sl

trade- off bet @etermined transmit powers required of the at least one
base station.transmit power in a plurality of mobile
statlons. _ o -

10 23. The system of claim 21 wherein. said assigning
means further comprises: T .
means for - ass:Lgm.ng said radio channel wh:l.ch will
- minimize uplink transmit power.

15 24. The system of claim 21 wherein said assigm.ng step
.~ further comprises: ' :
means for assigning saia radio channel which will
. m.mimlze downlink transmit power.

20 25. A radzocommunicatlon systen compr:.sing.

o means, disposed in a mobile station, for measurlng
an RSSI of control signals broadcast from at least one
base station; Co

means for determining a path loss between the

25 mobile station and the at least one. using the RssSI
measurements, _ A :

means for predicting an RSSI of interference

signals 'emenating' from said at least one base station

on each of a plurality of available traffic channels;

30 ' means for deteraining a transmit power required of

each of the at leas: one base stations to produce, at

the 'mobiie station, a signal on each of the plurality

of available traffic channels having.a signal strength

which is a predetermined level ‘above a corresponding

IR
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maxi m zi ng sl ot -packing and taking the channels with the | owest required
transmt power. According to an exenplary enbodlnent Hys2,1 is equal to 3
dB, Hys2, 0 WiD)95/248105 equal to 9 dB=sanat-ty .-.._....-._... uaI to @ctdsosiier 36
ot her wor ds;to—aetivate an i nact VeliE SHEEE HASIHEEN §qui T ed power |evel must
be at | east Iomer t han. t hat eqwlﬂﬂrummﬁun actjfve carrier with tiwo
slots idle d?y ” Hm!t”ml T owe - that—regw=ed on an active 5 :
carrier wt I mlarly, an active carrier with one slot idle:
is preferred over an fictivef carrier with tg® slots idle if the forner does
not require a power level which is nore than 3 dB of that required on the
carrier with t wR8B#t sintierferehcee léawelt hmsasifed ol uﬂmar erd{feiced for

t he purposes of at | e..ln the
dovvnlpl nE for thFigggélea?'rpl grgg/hg stlgf'ns ?ﬁfexsgﬁgﬁ ?‘l osaéL gﬁ:ﬁ 8??' Ay ing a
common carrier are the sanme, thus, it is imuaterial which slot should be 15
selected i f nore thanmeafisi Sebel Gaggil ‘&}ﬁ,ﬁ%orae @hgﬁaggm 55%3&“&;1 %&i
made, or thg selge;:é%rhﬁga aggltng{:m ned y t he uplink aracteristics as
descri bed n2xt powers

26. The system of claim 25 wherein said means for

assigning further comprises:

o means for assigning said channel which will
10 minimize transmit power.

27. A rad:l.ocommunlcatlon system comprising:
~ means, dJ.sposed in a’ mobile station, for measuring
a first RSSI of control signals broadcast from a first
15 base station; ' _
means for determining a first path loss between
the mob:.le station and the first base station us:.ng the
first RSSI measurements,
means for measuring a second RSSI of a beacon

20 signal broadcast from a second base station;

- means for determining a second path loss between
a mobile  station performing the second  RSSI
measurements and the seccnd base station broadcasting
the beacon signal; '

25 means for estimating interference levels on each
of a plurality of traff:.c channels using the first and
second path loss values,

means for determining transmit powers required for
the first base station to produce, at the mobile

30 station, a signal on each of the plurality of available
traffic. channels whose strength is a predetermined
level above an interference level estimated on that.
traffic channel taking into consideration the first and

' second path loss values; and
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Again the base station which is selected is not 20 - necessarily that with
the I owest path loss (i.e., ostensibly closest) since another base station
‘wWith a WQR¥48Yth | oss (i.e., ostensibly further away) R&FUSPIESIetter
sl ot _packing possibilities. - In the description above, for the purposes
‘ghﬂf LELon LJ the nunber. of -time slots—in tne TDVA Trane was .
% g ose Skilled in-theart wl e present
6 ea5| 'y extended to ot her TDVA: sul Hﬂ“&“n'than
three (or less than three) slots. For esanple, erecmn esan*equivalent
30 ° nunber of ordered lists and tine slots. An exenplary enbodi nent of.
t he ACAPC process hennsheprl|Qﬁsi§naagfcﬂl(nh§nn318|hcseﬂheonnbsandstatlon
only transn1tae%grhﬁﬁengrghgﬁiglghwggg shuts down the transmssion in the
other slots, the difficulties in 35 det erm ni-ng interference found in
t he downlink are not 37 experienced in the upl nk. I.-n addition, the
mobi | e statiogsi.t s@hie dndthiod nef tdkaidPC20n wHereim | siid Thieasisor for t he

upl i-nk CLI IS35%3§5h¥9b%#%%é&Eh%%Phgig gf t he dommllnk and the perfornance

of the system S&Alink.” \hen the uplink and the
means for assignlng as said channel a channel

which will minimize transmit power. .

29. A TDMA radiocommunlcation system comprlsing.

10 means, disposed in a mobile station, for measuring
an RSSI of control signals broadcast from a first base ‘
station; : '

means for determ:ming a path 1oss between the
mobile station: and the first hase station using the
15 RSSI measurements;
means for predicting an RSSI of interference
signals emanating from a second. p__aso station on a
plurality of availahle traffic channels;.
means for determining a.trahsnit powor, on each
20 carrier having one slot open,_neséeﬁ for each base-
station to produce, at the mobile station, a signal on
the plurality of available traffio;channels having a
signal strength which is a predetermined level above a
corresponding interference level measﬁred on that
25 traffic channel; f -
means for determlning a transmlt .power, on each
cafrler having two s;ots open, ' needed for each base
station to produce, at the mobile station, a signal on
the plurality of available traffio'channels having a

30 signal strength which is a predetermined level above
the interference level measureqwjon that traffic
channel;

means for datermlnlng a transmlt power, on each
- idle carrier, needed for each base. statxon to produce,
35 at the mobile station, a signal on the plurallty of
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downl i nk can be sel ected independently, the best uplink can be found by
using equation (1) repeated belowwith [err] replaced by [err] and

sel ecti ng wWoMsmagmnnel base/carrier/slot conbination that gpyfEsésdsiyO :
| owest [err]. [err] VWWen the uplink and downlink channels are paired (e.g.,

with 45 Mz offset), then th shoul d accept .the 15 baseleartiet

conbination (J,K) Tound by the downlink process as describ 'dTHuefsbﬂET(l-mmBEEN

this is the best co “ downl i-nk V\hlchlsllmtlngmm}\CED
per f or nerce) . m‘u“ “‘H“mﬂm m > ti e, lot is pr esent “oF—ERTS— _
base/ carri er conbl nat4.orf, the" upsl i nk 20 an now be optin zed by
ovect T T ey EhBie Eahept oshiReRE halihs" s RELLBLAR CRiMI g [0
station in whi chat hepreﬂégemgneﬁerrplleﬂﬁlchaﬁﬂ?@lveal | &cat ianrrespandingn be

i npl emented Wi | | jAedr£Erencée 1608y’ iMt&ured Wi UERAL ORriirich cFichare1;0 and
11, respectively. %n Figure 10, the nobile station 900 has an ant enna 902.

A transmtter 9038s connected to the antenna 902 and is controlled by a
transnmitterScontrol 3f8eansunfor 9GGsigming: amonghahhel fbasedoron saidble

to effect channe # @éﬂfﬂé&%&ﬂsﬁi’@ﬂ%&f&” with control |ogic 916. The
transmtter is also connected t .
30. The system of claim 29 wherein said means for
assigning further comprises: '
10 means for arranging into lists ordered based on
- increasing transmit powers, the transmit powers on
those earri.ers with one slot open, the transmit powers
on those carrzers with two slots open and the transmit
powers on idle carriers; '
15 means for comparing said lists with a current
t_ransmltted power level of. the first base station to
find a carrier with one slot open which requires less
power than said cﬁz"rent_ transmitfed power level;
means for comparing said lists with the current
20 tran'smitte_d power level of the first base 'stajtion to
' find a carrier with two slots open which requires less
power than said current transmit power level;
' means for comparing said lists with the current
transmitted power level of the first base station to
25 f£ind an idle carrier which requires the least amount of
transmitted power; and
means for selecting said carrier with one slot
open which requires less power than said carrier with
two slots open plus a first predeterinined level and
30 less 'pow'er than said idle carrier plus a second
predetermined level. -

31. The system ‘of claim 30 wherein said selecting
means further compr:l.ses.
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signal processing unit 908. A receiver 910 is al so 38 connected to the .
antenna and is used in tinme nultiplex together with the transmtter 904.

The recqiyy9énfdi i s al so connected to the signal processiraqmsmzsap8 Radi o
equi prent for nodul ati ng, denodul ating and 5

i ncitdedin the bl ocks 904 and 910. The signal uni t 908 :
inj WSHEQT %Egrfa circuitry for channel codi Hm l ﬂm i ng and
si dhal Hﬁé ncom ng and out goi ng speech. m nesm ng

uni S6 ﬁnnn‘cted to a- 10 rophone and speaker i’n Bl ock 914,
and to control Iogic 916. In turn, ontrol | ogi-c 916 is connected to

the transmtter co q{)ogrg t g ?i&ﬂg%n?a gﬁmﬁga.gégi“%g%w §$§fes t he

/0 signals froma
Figure 11 is aifihoek Vt!!l&l?r a’hllth dst Agsenghan éxUﬁéP&r of baéédsﬁﬁt-"?%ﬂ

Al though the BlyQdetdradin@d Aleveiqure 11, is illustrated as a single system
those skilled™in the art will readily appremate that the hardware shown in’

Figure 11 can also be distributed 20 over several units, -for instance
over a b&e sta. oTfhendmethede off aclaimc 2% r wherein said ass:.gning

means further comprises: :
means for arranging into lists ordered based on
increasing transmit power the transmit powers on those
carriers with one slot open, the transmit povi'ers on
'10' those carriers with two slots open and the. transmit
- power on the idle carriers; = . '
means for comparing said 1ists with a current -
transmitted power level of the first base station to
find a carrier with two slots open which requires less
15 - power than said current transmitted power level;
means for flndlng an idle carrier which reqixires
the least amount of transmit power;. and .
means for selecting said carrier _with two slots
'open which requires less power than said first idle
20 channel plus a first predetermined power level.
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The base station, generally referred to by reference nuneral 1000,
has three antennas, of which two, 1002 and 1004, are used for.receiving
signal's, WO9s2481her eas only one antenna 1006, is used to tREAASHP2E] gnal s.
A transmtter 1008 is connected to thesgntenna 1006 and is controlled by a
transmtter control unit 1010. The transmtter 1008 is al so connected to
the signal processing unit 1012. A receiver 1014 is 30 al so connect ed
to the antennas 1002 and 1004 and the signal processing unit 1012. -Radio
equi pnrent for nodul ati ng and denodul ati'ng and equal i zi ng purposes is * %

~included in the hlacks 1008 and 1014 Lo S sor unit 1012
provi des for chdnnel {codj ng jand 34 deécodi ng and jprocegsi ng speech in the
i ncom ng and 39\out gaj ng |di rectji ons. | The pignal| procgssor unit 1012 is
al so connect ed toégha PVl ijnk adgpt or bl ock 1012E S he control |ogic
11018. In turn, tth&EcpnyPRloRY 10T 3 W transnmitter
control unit lOJOQSP[—% R 1O D [ QAT QBa QT ITR il ustrates a
portion of an exe@l AP hES6 i[O ROMBP! PRPI c RNl es the ACAPC
routine accordirgé%o t hel prdsent
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i nvention. The CPU 1100 will receive the neasurenent 10 -data, perform
averagi ng, nmake ordered lists and performthe ot her decisions described
above regaV@%@48e al |l ocation of channels. The nenory 11(PGI/GS9SA2SATti on
to stori'ng current channel allocation aggignnments, can contain a dat.abase
i ncluding information regardi ng the 15 geogr aphi cal characteristics of
t he surroundi ng area which can be used to make predictions. Alternatively,
such a database could be |located at the MISO. The |I/O unit 1102 can
connect this base station controllers to other BSCs, the MISO and t he base
station that it 20 controls. Those gkiel | ed Ayt art will appreciate
that the foregoing exenpl ary nmobi | /gndZ?'ﬁZ?’: station descriptions
are intended sinply to illustrate apparatuses which can be used to '
I mpl ement the channe al I ocati on schenes according to

al . and 5, 109482 »= \
Systent to Nddenfefdt car\al so b used\an
are incorpor ay :

6ROUP 5
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40 The above-described exenplary enbodinents are intended to be
Tllustrative in all respects, rather than restrictive, of the present
inventi on.wObsis81¢ he present invention is capable of many PETUSSNBAY in 5
detailed i nplenentation that can be de.rsil\{@d fromthe description contained
herein by a person skilled in the art. All  such variations and -
‘nodi fications are considered to be within the scope and spirit of the
present invention as defined by the follow ng clains. REPLACEMENT SHEET
41 dains: 1. A nmet hod for assigning uplink radio channels in a radio
comuni cati on system conpri-sing the steps of: (a) measuring, in a nobile
station, received signal strength indications 5 . (RSSIs) of control

signal s broadcast fromat |east one baff tgn_; (b) determ ning a path
| oss between the nobile station and the atsfeaSt one base station using the
RSSI neasurenents; (c) measuring, in the at | east one base station, an
RSSI of interference '

35~ PSTH WSO 300

BASE STATION "1 susesmron [ | BASE STATION
CONTROLLER B CONTROLLERA | CONTROLLER ¢
) ) |

310 320

" BASE
SHTION

GASE
S 714;/0/1/

BASE

STATION
¢

325

. - 3ao~Q§_Y_xO5
370 ia/_g f HOBILE STATION F

NOBILE STATION A
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signals on a plurality of available traffic channels; 10 (d)
determning transmt powers required for the nobile station to produce a
si gnal on weads2ed1ot he plurality of available traffic channacTnedssnisr7 at

| east one base station, wherein a strength of said signal is a
predetermned | evel above a correspondi SSI interference | evel neasured
on a traffic channel taking into conS|derat|on the path loss; and 15

- (e) assigning one of said plurality gfr ;Z Ie traffic channels as an
.upl i nk channel based on said determ ne snmit powers. 2.. The net hod
of claim1l wherein said radi o coptm sl udes a plurality of
nobi | e stations and sai d assi gni{ng stéﬁ JW- eﬂﬂlﬂzorrpn pedl0t he step of:
assigning, as said uplink channelN 8 Sl
20 traffic channels which wll nlnlnlze t ansnlt pomer insaid plurality
of nobile stations. 3. A met hod—6 A

a radi o communi cation system co -rlsqngagngwﬁmwg@mof agg) heasuring, in a
nobil e station, received signal Strength indicatlons (RSSI's) of

control S|gnals broadcast - from at | east ong base statlon REPLACENMENT
.SHEET 42 (b) determ ning a pat b|Ie station and the

at | east one base station using(the F@ﬁa &ﬂnents, § measuring, in
al a 9ur [

the nobile.station, an RSSI of iQterfeéerence 'Si S 0 ality of
avail able traffic channels;

F. /g 7

RS — 40 ms — - -
750 TSt 2| Is3 754 155
Tx Rx  NEASURENENT  Tx - fx  MEASUREMENT
OF R3S/ FOR | OF RSSI FOR
HAHO HAHO

Fig 9
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5
base station

plurality 8}’03
predet erm ned | evel
on a tra’ffip.

(e) assig
downl i nk ch
of claim3

(d)

determning transmt powers required of the at |east one
roduce, at the nobile station, a signal on_each of the
bl e traffic channels having a signal strBREURSSATYh is a
above a correspondi ng/RSSI interference | evel neasured
ehannel 4 aki-ng into- consi-der ati-on-t-he- pat-h Hoss; and 10

to

n W plurali ty of available traff '&SO@EETEHINE MSMEDE
al _ id : =z The met hod
fherein said ab@li gnijng Mmﬁwpﬂh;mmp[y)m se QFst ep )

assigning, af sgi, Nk 3nne| RECIVE SORN 9OFSal d pl dr
avai | abl e 15! €] Sttt dnit povver i n said
at |east onk_hase stlation9d0&. In a radio com‘rup 4:at|0|i system wherein
upl i nk and dowpd/i Il - PROERESS! | by a predet erm ned. frequency
offset, a I’T'E.uugl ._' OT oS ST |||_f'§9§_l’8_._dl_9 channel s_conprising,the steps of: 20
(a) measuring, 1n.a-nobhile stafion_recgiled signal” strengt hSi0 MOQUSITIONNS
(RSSI's) of control gigmats—broadcast — rom-al— |east— one base st atton; (b)
determining a path lfoss bet vve/egg W)I?SW.? ,lifg g”w,am;m at eg t one
base station using fhelR ?7:’0 ?ﬁw{/mp@m‘ggrsg”mm Tigllat | east
one base station, filrsj '-- Al plurality
of available traffi chfnn " ' _required
for the nobile statlon %rq S e r?{ ﬁﬁ” bty of
avai l able traffic c lcj herein a
t th of id d ‘

StTength of sald produ BE STATIONS WAE Ro] WERSTRENENTS | Lsi3

l OF THE IOLE TRAFFIC CHANNELS [

r —F- 1 520 DETERMINATION

I_'_ — e s mn e s wm e e - e e = - o — - _T_

' 4 THE BASE STATION CONTROLLER CALCULATES THE '

I PATH LOSS BETWEEN THE NS AND FACH OF THE BASE —+521

| STATION WHOSE SIGNALS WERE MEASURED IN STEP 1 I

| . ) — 1 I

U 5 THE BASE STATION CONTROLLER CALCULATES THE REQUIRED | !

U TRANSMIT PONER LEVELS FOR THE MS FOR EACH CONBINATION |1

I OF BASE STATION AND TRAFFIC CHANNEL USING EQUATION 1 |-+522

I AND DETERMINES THE CONBINATION WITH THE MININUN ,

I REQUIRED TRANSHIT PONER FOR THE MOBILE STATION

— 530 HAND-OVER
I ::_—::-Z::::_.L_-_ -9
L 8 15 A CALL YES
8c CALL IS /N PROGRESS 7
BLOCKED
- ) 531 7D.
536 DOES THE MININUM REQUIRED

TRANSHIT POWER CALCULATED IN STEP 5

EXCEED THE CURRENT TRANSHIT POWER
NINYS THE HAND-OVER
MARGIN ?

532

' ' 7a. -
DOES THE MININUN ﬁfW/ﬁEﬁ
TRANSMIT PONER EXCEED THE NAXINUN

ALLOWABLE POWER 7 ‘
2h HAND THE NS OFF T0 THE
-
8b SET UP GALL O BS/chamneL conemarion || |- |
REQUIRING LOWEST NS TRANSHIT POWER TRANSMIT PONER S
Yy - i
534 L { 533
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43 | evel above a corresponding first RSSI interference | evel neasured on a

‘traffic channel,
isn the nohwbeO5/24820 i OnN,

taking into consideration the path | oss; & %
second RSSIs of interference signal SCEVSEURAILF sai d

plurality of available traffic channel /18 (f) determ
transmt powers required of the at Ieast one base station to produce, at

t he nobil e

channel s havi
correspondi h
t aki ng intol
radi o chann¢

asignal on each oF'fhe plurali £y of avail abl e

Ng aPRMEGwH! st
gSTTOTT RSS!

T Ler
cancidar v3+4 nr6°1

ec—arl a traffic

required of ithe
.of the at | égst T

assigning ste¢

- 9t

—the step of :

neasur i ng,

ni ng

traffic

7 pr edet er i re 600 REVRRMINELMS, MODR

channel ,

15 I assigning said

radi o channé& -whi ¢h -w+|—-m-n+-n+ze -& wet-ght-ejd~ st 6f s d deﬁlﬂmGOMSWION

transmt powers req{tT 2 on_and_sai d det Lm

powers required of

5 wherein said assigning st
assigning said radi ¢ chg LoFRAMMITTED Fi

The net hod of claim5

ed

M5 M(EMSSé

transmt

step of: assigning $ai d|radi o chhWSHMIMENRES] MEASURENENTSYi ze domnllqﬁ%transnit

power. 9.

A met hod figr- assi gni #fg7HEAAE | TRAFRIG QEAMNE Sannel s i n

communi cati on

U F THESE RSS| MEASUREMENTS ARE SENT BACK T0 THE _.m3
! BASE STATION TO WHICH THE NS HAS AN ACTIVE LINK

-

|
!
|
|
:' 5. THE BASE STATION CONTROLLER CALCULATES THE REQUIRED
!
!
}
}

TRANSMIT POWER LEVELS FOR THE NS FOR EACH CONBINATION .
AND THEN DETERMINES THE MININUN REQUIRED

- TRANSMIT POWER FOR THE BASE STATION

7b.

)
636 WERE ANY TRANSHIT PONERS

TRANSNIT PONER EXCEED THE NAXINUN

CURRENT TRANSMIT POWER NINUS THE
HAND-OVER NARGIN 7

632

7a.
DOES THE MININUY REQUIRED

|
[
|

OF BASE STATION AND TRAFFIC CHANNEL USING EQUATION 2 |+622
!

CALCULATED IN STEP 5 THAT EXCEED THE

dio

S 1 620
= - = - = = L e e e - 4DETERMINAT10N
4 THE BASE STATION CONTROLLER CALCULATES '
THE PATH LOSS BETWEEN THE 8BS AND 621
THE NOBILE STATION |

e g |
| L ——————————T————————— | 630 AND-OVER
- 6 15 4 CALL YE$
8e. CALL IS IN PROGRESS? .
BLOCKED )

ALLOWIBLE POWER {
86, HAND THE NS OFF T0 THE
SN
86, SET UP CALL O 85/CHANNEL CONBINATION | || '
REQUIRING LONEST WS TRANSHIT POWER | | THANHT Fower_
634 k) | 633
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25 system conprising the steps of: (a) measuring, in a nobile
station, received signal strength indications 44 (RSSIs) of control
signal s br S4B r om at | east one base station; (b)  detBEHPRSHPY path

| oss between the nobile station.and theyatp | east one base station using the.
RSSI neasurenents; (c) predicting.RSSIs of interference signals emanating
fromsaid at least 5 one base station on each of a plurality of

avail able traffic channels; (d) determ ning transmt powers required of
each of the at | east one base stations to produce, at the nobile station, a
signal on each of the plurality of available traffic channels having a
signal strength which is a predeterm ned | evel above a correspondi ng RSSI
interference | evel nmeasured on that traffic channel, ‘10 taking into
consideration the path |loss; and (e) assigning a channel based on said

determ ned transmt powers. 10. The nethod of claim9 wherein sai
assigning step further conprises the step of: @ssigning said chaan whi ch
Will mnimze transmt pomerH&$5 11. A netjhod for assigningjd i nk
radio channels in a radio co ni cation systemjconprising the stgpsof: (a)
measuring, in a nobile station, first received|signal strength i pdissations

(RSSI's) of control signals brpadcast froma firjst base station; bfs
determining a first path | oss| val ue between thdg nobile station aﬁdEEO t he

first base station using the first RSSI neasurdnents: EE
-------- R e Rt e B
. S
! S
: 1
- & 1 1'§
1 'E g
1
' (S .Q__J
e E

T"sncuAL

Fig 8(a)
Fig 8(b)
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(c) measuri ng second RSSIs of a beacon signal broadcast froma second _
base station; (d) determ ning. a second path | oss val ue between the nobile
stati on peMOASR#Y t he second RSSI neasurements and the secR$U$PAES1Tt at i on .
25 broadcasting the beacon signal; (gho estimating interference |evels
on each of a plurality of traffic channel s usi ng the first and second path
| oss val ues; (f) determning transmt powers required for the first base
station to 45 produce, at the nobile station, a signal on each of the
plurality of available traffic changls who strength is a predeterm ned

| evel above an interference |evel that traffic channel taking
into consideration the first and secon path | ass val ues; and 5

(9) assi gning-a—chankel —based en sai-d -determ-ned tr ansai t— power 1 .
The nethod of claim 11l wherein said assigning step further conprise

step of: assigning as said chag,n.d_ﬁ_uha.n.n.el_v\hl ch will mnimze trdnsm
power. 13. nmet hod for assi MJ&% radio channels in a tine 902
division nultjple 10 access dommini cati on system conpri §i ng
the steps of: (a) neasuri ng, | n GOKMHBL1 e dt ation, feceived signal
strength i ndi catl ons (|RSSls) ofl.cantrol <lg.n.gl s broad¢ast froma finst base
station; (b) | deternfining a path | o9s between the npbile station qnd fhe
first base sthtion usilng the RSSI nmeal0r ement s: :
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L

15 (c) predicting RSSIs of interference signals emanating from
a second base station on a plurality of available traffic channels; (d)

det erm ni NWOHSL2ABAS i t power, on each carrier having one sSIRGEI/g§98M2SIheeded
for each base station to produce, at thg,qpbile station, a signal on the
plurality of available traffic channels ﬁaving a signal strength which is a
20 predeterm ned | evel above a corresponding interference | evel neasured
on that traffic channel; (e) §5ternining a transmt power, on each
carrier having two slots opensneeded for each base station to produce, ‘at
the nobile station, a signal @g@The pruratrty of —avartapteiraffi c channel s

having a signal strength which iea 25 predeterm ned | evgl above the
interference | evel nmeasured on tE&t traffic channel; (f) =~ |determning a
transmt power, on each idle i d for each base dqtation to

produce, at the nobile statiorf, a signal onfthe plurality off avail able
traffic channels having a streng&h which is|a predeternined|l evel above a
46 correspondi ng interferenceéggﬁél measurefl on that traffiq channel; and
(9) assi gning a channel basé&@om Sard dergErmedtransnyit [powers. 14,
The nethod of claim 13 wherein said assignihg step furthgr qonprise the
follow ng steps: 5 : (a) arrangi hg into-lists|ordered based on-
increasing transmt powers, the transmit_popers on_thoselcafriers with one
sl ot open, the transmt p?mers on those carfiers with twg sljots aben and
'e carriers: (b conparing saild llists With a

the transmt powers on id
current transmtted power !l evel of the |
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first base station to find a carrier wwth one slot open which requires | ess
power 10 than said current transmtted power |level. (c) conparing said
lists withWOos2¢81Prent transmitted power |evel of the firstPQIAES958253Tion to
find a carrier with two slots open whi chgpffiui res | ess power than said
current transmt power level. (d) conparing said lists with the current
transmtted power |evel of the 15 first base station to find an.idle
carrier which requires the least amount of transmtted power; (e)

sel ecting said carrier with one slot open which requires |ess power than
said carrier wwth two slots open plus a first predetermned | evel and |ess
power than said idle carrier plus a second predeterm ned lLevel. 20 15.
The nethod of claim 14 wherein said step of selecting further conprises the
step of: assigning said first predeterm ned |evel a value which is |ess
than that of said second predetermned |level. 16. . The nethod of claim13
wherein said-step of assigning further conprises 25 the foll ow ng steps:
(a). arranging into lists ordered based on increasing transmt power the
transmt powers on those carriers with one slot open, the transmt powers
on those carriers with two slots open and the transnit power on the idle
carriers; (b) conparing said lists h ac ent transmtted power |eve
of the first base station to find a c wiég two slots open which
requires | ess power than said current tr smtted pomer | evel ;
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5+ (c) finding an idle carrier which requires the |east amount
of transmt power; and (d) sel ecting said carrier with two slots open

which requires |ess power than said first idle channel S o 111t

predet ermined power level. 17. A radio comunication sl SEEAE 5M§NTSSH§£T
10 nmeans, disposed in a nmobile s‘ilatmn for @él’l ng g;ﬁ]@
signal strength indciations (RSSIs) of control signals Beast™ feom-at - -

| east one base station; neans for deternmning a path | osS between the
nobil e station and the at | east one base station using the RSSI

measur enents; neans, di spose ﬂ I one base station, for
measuring an Emsof 15 ﬂ"llml mm" ,Emﬂlls on a plurality of available
traffic channels; means for détefmihin transmit powers required for the
nobil e station to produce a signal on each of the plurality of available
traffic channals atA inethodtfol #3ighinguplibR 81i6 tRdnnels in Ma1i6 LomMusicaBODSy3ted
said signal is a predeterm ned | evel above a correspondi ng RSSI

i nterference CAMprisingdbe seps ofi an avail abl e trafflc channel 20 t aki ng
into considerationfhe pat

plurality of avai Ié le tr ag?éu@sﬁﬁgﬁﬁg?@ggﬁ%%%p | nk ann :E %grgdééﬁgﬂssa d

determ ned tr gRS$s) of oumtral sigmdlscbrpadeastt oo ap dehsiconet base 3tatidf, The system
of claim 17 wherein said systemincludes a plurality. of pobil

stations and sai d Bans detsTmyung & padloss betyssn Qﬁr\"ﬂ? %ee%tau%%ﬂ?@it least
assi gni ng, P@ \%%euﬁl?l]ﬁdﬁ(?-lﬁ% RReksSISAbAuftnge &t said plurality of available

traffic channe nimze transmt power in said plurality of
nobi | e stations. (©) measuring, in the at least one base station, an RSSI of interference

signals on a plurality of available traffic channels;

10 (d)  determining transmit powers required for the mobile station to
produce a signal on each of the plurality of available traffic channels at the at least
one base station, wherein a strength of said signal is a predetermined level above a
corresponding RSSI interference level measured on a traffic channel taking into
consideration the path loss; and

15 ) assigning one of said plurality of available traffic channels as an
uplink channel based on said determined transmit powers.

2. The method of claim 1 wherein said radio communication system includes a
plurality of mobile stations and said assigning step further comprises the step of:
assigning, as said uplink channel, said one of said plurality of available
20 traffic channels which will minimize transmit power in said plufality of mobile

stations.

3. A method for assigning downlink radio channels in a radio communication -
system comprising the steps of: _ ,
(a) measuring, in a mobile station, received signal strength indications

25 (RSSIs) of control signals broadcast from at least one base station; -



REPLACEMENT SHEET-48-19— A radi ocomuni cati on system c PSR =1
di sposed in a nobil ' “Mr measuring received si gidiB SHEET

i ndi cations (RS N gﬂgmm j gnal s broadcast from atj|l east

station; neans f *mﬁ rnmwnihg *a path | oss_between the .-mat%:-ééy;?\‘-’gﬁ?@ﬁdm
the at 5 |east one base station using t 48 RSSI neasur elfEnt s, TEANS,

di sposed in the nohile station, for asurin n RSSI of interference
signals on a plur a?t?)t y %tewwﬁ%ﬁpgﬂ&rﬁgsf?the%@ﬁﬁ%@? stationand fhe geleastyi nj ng
transmt powepge baritdtRM Ringede RV héiRuRehBast one base stations to
produce, at the nobile station, a signal on each of the plurality of 10

avail abl e traffic €®annalessuring, rig the mbileastation, emgR$SIvfi interfesense signals on
pr edet er mi ned_| . a “a.corresponding RSSI interference | evel neasured
on the traffi%pgﬁ'ghWe&O%Eﬁ%‘é%aﬁﬁ%%ﬂglfﬂeration the path | oss; and neans
for assigging one of) sadetethiniml irhnsndlf p@vets rédtiRd tofahd hCle8RINB Dase SHtich
downl i nk channel based on said determned transnmt powers. 15  20. The
system of cl afhPrrduce et shenmebile) statiamsa signal pnstagh of gher plurdlisy of evailablees:

means for assjggin I.d _do | chanpel . sai ne .of . sai lurality
of avail abl e trfgfa}}cf %@“@ﬁ%mﬂ% qur%\éu@k gé\?\?r‘%rﬂ?%%%hrﬁs 3‘3"??%%‘??#‘?“ %Bﬁlg?ﬂ%lvﬁ %5ai d at
| east one baseorséspbnding RSSI interereck evelompasiiedadn 9 frafficSéiRmhelaiking Shidd: 20
uplink and downl i nk channel s which are separated by a predeterm ned

frequency of f &¥siderasionshe gatidess@ndn the nobile station, for neasuring
receivedygi gnal st {Qggt Rssighfite 8hd 8F shid Praviifty of hvSifibld Rherl! @RANeEs Ry gadcast

fromat l[east one
downlink channel based on said determined transmit powers.

4, The method of claim 3 wherein said assigning step further comprises the
step of:
assigning, as said downlink channel, said one of said plurality of available
15  traffic channels which will minimize transmit power in said at least one base
station.

5. In a radio communication system wherein uplink and downlink channels are
separated by a predetermined frequency offset, a method for assigning radio
channels comprising the steps of:
20 (@  measuring, in a mobile station, received signal strength indications
(RSSIs) of control signals broadcast from at least one base station;
(b)  determining a path loss between the mobile station and the at least
one base station using the RSSI measurements;
©) measuring, in the at least one base station, first RSSIs of
25 interference signals on a plurality of available traffic channels;
(d  determining transmit powers reqﬁired for the mobilé station to
produce a signal on each of the plurality of available traffic channels at the at least

one base station, wherein a strength of said produced signals is a predetermined




station; 25 ermining a path loss b the mobile

station and the at e:station using the RSS| |"RESUAGCERBENT sHEE
nmeans, di sposed.mm Bﬁ “lﬂ“ﬁli ﬂi]ohe base station, for negsuring,fl r@b E%ETS
of interference’ sarality of available traf ipatgha‘!‘urgel \

REPLACEMENT SHEET 49 neans for determ ning48ransnit powe '

mobi |l e station to produce a signal on _each of the plurality of avajlable
traffic channelevebabavaa corres t BSSE interfarenng levgl ancasyred omia walfich of

sai d produced sjan e r ) | gvel..above a corresponding first
RSSI interferemmﬁgﬁéﬁg%ﬂ%gpﬁa %Sl’c 5 channel , taking into
consideration the pg)h | gfeasuritigq its thedhshiles@stion) sédond RBSIS of aftaxféremce f or

measuri ng second RSSI's of interference si 8nal s gn each _of said plurality of

avai | abl e tr af sigoals jearaach of said phirality of fx #atfic ehapmeli t powers required
of the at I.east one Rase ' : tuf'rreﬁ |l LR, ot ik
si gnal on gach of tﬁ‘g pl S?%ﬁqn;ﬁ/&o#&fgﬁpﬁﬁ/%f féglb e ?’?;ﬁ%ﬁtcﬁ%%?%g?% Sﬁ%%/olnng a

si gnal strengt  plidate,i tie mobike ttation, esighat oal easb of eheapluralitye e availably second
RSSI interference |evel neasured_on that traffic chapnel, taking.into

consi der ati on taHiqehannels baving 3 pighak skength Wg!f%‘ilﬁﬁim ele CXTrlaﬂ]?H@? Apased
on at |east on h: ' HRRARR fevBOMRLsBrddest @Qﬁée
station and sa?%&%gﬁgéﬂgggégﬁg!?wﬁ}l%nsmt %(‘)Iwer-sésrﬁléqw r%gﬁﬁ@{: e at | east .
one base stati into cedsiderafitrethe\patltelossyfandl ai m 21 wherei n sai d assi gni ng neans
further colr(r)pri ses:

ST ssuTarRceanasteasanaenna,

(g)  assigning a radio channel based on at least one of said determined
transmit powers required of the mobile station and said determined transmit powers

required of the at least one base station.

6. The method of claim 5 wherein said assigning step further comprises the

step of:
15 assigning said radio channel which will minimize a weighted sum of said

determined transmit powers required of the mobile station and said determined

transmit powers required of the at least one base station.

7. The method of claim 5 wherein said assigning step further comprises the

step of: ) .
20 assigning said radio channel which will minimize uplink transmit power.

8. The method of claim 5 wherein said assigning step further comprises the
step of:
assigning said radio channel which will minimize downlink transmit power.

9. A method for assigning downlink radio channels in a radio communication

25  system comprising the steps of:
(@ measuring, in a mobile station, received signal strength indications



; *"__—__——._—d . - . . .
means for assigning said radio channel which will mnim

lze_a weighted sum
of said deter m‘u nmm“ irs required of the nobi REBIAEMENFEHESF O

det erm ned tr ired of the at | east onejbase station
transnit power 20 ¢ i'n & pfurality of nobile stations. B3 ThE. U6t 9960f
claim 21 wherein said assigning nmeans fur4t4her conpri sesl—sRaRs—for—

assigning said %gﬁjﬁ? channel which will mnimze uplink transmt ‘power. 24.
The system 01(_R§ ) OF sqntygl sigmals @8?4?3‘&@"@@ I3stsorenbase StakieR; conpri ses: 25
means for assigni QE)Ssa'd@te"rﬁﬂJAﬁg &?ﬁmﬁ%&s YltlvEdh We! tholle bGP aftPHR! di ast
transmt power. 0 I'0 communi cation system conprising: means,
di sposed i n anoblasd sIaMmusmg]thefRﬂSInneasmrehmgtsc ecei ved signal strength

i ndi cations (RSSI co trol roadcast fromat |gast ope base
station; means for(%)d §18z9? '3 D¢F-$1GRAL, CABALASITPR s8id gt Isastang

the at 55 '%étbaéhnﬁaﬁ&i weiﬁ%fﬁhmépamatéuaﬁie%ﬂme@g predi cting an

RSSI of interference signhals emanating fromsaid at | east one base station
on each of a plurdd) ty defermining trmsmit p@WcErscreq;hmdrﬁ] each Maha;atfbastdmbdlasn ni ng

v oduee, oo ShBoh ol R ol 4ot by BT on et RERR BB 1
avail abl e tr%ﬁ/&m&&medtﬁmlwm a%% gﬂﬁﬁﬁich A Bdétémﬁned level

predeterm ned | evel above a correspon |nterference | evel neasured
on that traf fabevehsormesponding RSPl mcdel@mﬂsle@ldrmasumdt ore thas tiafficehannelnd

10  taking into consideration the path loss; and

(e) assigning a channel based on said determined transmit powers.

10.  The method of claim 9 wheréih said assigning step further comprises the
step of:
assigning said channel which will minimize transmit power.

15 11. A method for assigning downlink radio channels in a radio communication
system comprising the steps of: |
(a) measuring, in a mobile station, first received signal strength
indications (RSSIs) of control signals broadcast from a first base station;
(b) determining a first path loss value between the mobile station and
20 the first base station using the first RSSI measurements;
(©) measuring second RSSIs of a beacon signal broadéast from a second
base station;
(d determining a second path loss value between the mobile station
performing the second RSSI measurements and the second base station
25 broadcasting the beacon signal; '
(e) estimating interference levels on each of a plurality of traffic
channels using the first and second path loss values;

@ determining transmit powers required for the first base station to



means for assigni-ag—a channel

The system of cI aj \“ “al d nmeans for assigni ngl REFPE
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onpri si ng:
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recei ved signal str I'ndi cati ons
Loliab for
I'on an t he

first base stehannels m&los@sﬂrélgtli is' & pre@&iStmied Jeveb abovesin imeafesericelevebasuri ng a

second RSSI of a beacon signal

br oadcast from a second base statlon nmeans

for determ nigHimatesoon tat Faftic choagel\taking infercapsideration e first angd sesand path

per form ng thlgssgﬁ Qad ,RpSI neasurenents and the second base station 25

br oadcasti ng tﬁ eaéon signal; neans for estimating interference |evels on
each of aSplurali tfg)of assgtﬂngca clranelcbased sh sgidtdecerfninesit transchitspowersl pat h

| oss val ues; neans for determning transmt powers required for the first
base station to 51 produce, at the nobile station, a signal on each of

the pluralitypf t@ﬁ{(ﬁ St i € Wﬁéfaﬁ?kfleve es?igtﬁgt 3 1 Onfbrises the

pr edet er m ned ove an |nter erence on that traffic

eve

channel taki rstep of:o consi deration the fi rst and second path | oss val ues;
and 5 means. for assignin han sed on.sai d determ ned
ranomit powers FHEnigS Sl s @ragp i el aRiaGe Sragifl por.

assigning further
13,
access (TDMA) radio communication system comprising the steps of:
@
(RSSIs) of control signals broadcast from a first base station;

(b)
station using the RSSI measurements;

(©)
base station on a plurality of available traffic channels;

@
needed for each base station to produce, at the mobile station, a signal on the
plurality of available traffic channels having a signal strength which is a

A method for assigning downlink radio channels in a time division multiple
10

measuring, in a mobile station, received signal strength indications
determining a path loss between the mobile station and the first base

15 predicting RSSIs of interference signals emanating from a second

determining a transmit power, on each carrier having one slot open,

20  predetermined level above a corresponding interference level measured on that

traffic channel;
©

needed for each base station to produce, at the mobile station, a signal on the

determining a transmit power, on each carrier having two slots open,

plurality of available trafﬁc channels having a signal strength which is a

25  predetermined level above the interference level measured on that traffic channel;

Bty

base station to produce, at the mobile station, a signal on the plurality of available

determining a transmit power, on each idle carrier, needed for each

traffic channels having a strength which is a predetermined level above a



conpri ses: means for assi gni s said channel a channel which will
mnimze trans u ﬁ“? A tine division rulfp _

radi o conmuni cgmmmm i sing: neans, disposed i g‘%EM‘E'STﬁﬂEEh
for measuring reteiVed si gnal strength |ng cations (RSSI d) . of c‘pgtApG ]g?%
signal s broadcast froma first base stati means for %? Bi-re-Rg--ac-

| oss bet ween tion .and the first,.15 st atr,on U
RSSI neasur en%%fesﬁ&?dd% m%#rg(?xe]bcre 18‘(6 tm??éuﬁsgﬁnsth%tfuﬁfﬁfb‘gﬁg%} srand Si g;:ailg
emanating from a s@yondasdipntngsd cldn@el Buded of lsaid aletdrminid mmhtaﬁdveeﬁ raffic

channel s; neans for determning a transmt power, on each carrier having
one sl ot open, needed for each base station to produce, at the nobile

sl ot " apes station to pro |
navi ng & of onil st Tl Giod HEBLIZWAbksEhd Ukl fob ies o8 the

cor r espondi ngfollotving stepsace | evel measured on that traffic channel; neans
for determning a transmt power, on each_carrier having two slots open,

needed fo? each bald st¥FANGNG WG lis eedered; pased onipepensing transmaih powess, @?ﬁal on
25 th | | f h t th
Ghich i's b prafshtt Bowehd S ASheabicts Wifh SRATO ) e EheBils s OB L0

that traffic carensetith weasotsf penchit] gahertrahsmgit powemrmnidle mmens on each idle

carrier, needed for _each base st n roduce, at.the nobile station, a
signal on the plur ,tycqglpparﬁxglsg% Y«étg@p current transmitted power level o% ﬁle_

first base station to find a carrier with one slot open which requires less power

10  than said current transmitted power level.

(¢) . comparing said lists with the current transmitted power level of the
first base station to find a carrier with two slots open which requires less power
than said current transmit power level.

(@  comparing said lists with the current transmitted power level of the

15  first base station to find an idle carrier which requires the least amount of
transmitted power; .

(e) selecting said carrier with one slot open which requires less powér

than said carrier with two slots open plus a first predetermined level and less

power than said idle carrier plus a second predetermined level.

20 15.  The method of claim 14 wherein said step of selecting further comprises the
‘step of: ,
assigning said first predetermined level a value which is less than that of

said second predetermined level.

16.  The method of claim 13 wherein said step of assigning further comprises
25  the following steps:
(a) arranging into lists ordered based on increasing transmit power the

transmit powers on those carriers with one slot open, the transmit powers on those



52 avail abl e ‘ﬂ haV| ng a strength which is

| evel above . 1““’“@“]@““3 terference | evel neasured rnM&tCWEN’ﬁSHEET
channel ; and nearss ftor *as8i ghi ng a channel based on said deterny. eﬂ\jﬁ 1993
transmt powers. 30. The system of claim 29 wherein sai doﬁsans fa.r

assigning further corrprlses ans for arran'-rﬁ g=FFO—t T StS
ordered based_gn ea trans owers, the tr owers on those
carriers wt hagrﬁeé'svalg} gﬁts P8 ap %W‘ﬁ%’lﬁm&&ﬁé‘fev @g&a@gﬁl ers with two
slots open and the(byrart&mﬂarmg\&ﬁiaqumhezuﬁaﬁtrﬂrﬁ{sﬁuttémpdbserflevelcdfrm@rI ng
said lists with a current transmtted power |evel of the-first base station
to find a carfirsebasgistaiiopte fiuxda caspenwith itwe slotsqenencxhick sequiresdess power t han
said current chif B}Qﬁhl!le - Jreans for-conmparing said lists with
the current tran%’lrintE‘ITngtptg\/verl ev%q%%fl%ge first base station to find a
carrier vfth two skpts fopting whidle cireigtiwhith reqitesnigvidast hacur df drabbite Nt
transmt power |level; nmeans for conparing said |ists with the current
transmitted RO pdlel of 15 the first base station to find an idle
carrier which req es t Wﬁﬂ d ns for
sel ecting said catqg?er %ﬁ?ﬂﬁ%ﬁ%&g?ﬁ??%@%%#%E%%%UI rgglgﬁ‘%es o4 W han
sai d carrier thad kaid fivstsitilet changed iphysl 21firse piedétsimined gpeiver eveled | evel and | ess

power than said idle carrier plus a second predeternm ned |evel. 20 31.
The system of claim 30 wher ein said selecting neans further conprises:

means for "prowidi n‘q Hinistica Bﬁq &h vel with a value which is
| ess than a val ue o | seco% prgsget g}?ﬁ HSIBS'I evel . 32. The net hod of

cl ai m 291Gher ei n smeahsadmpgie'dng armeebike stationhfor menspring esceived aipnal strength
oG 19 | RO F DR SRR o RIS BRLAR. povsS
on means for determining a path loss between the mobile station and the at
least one base station using the RSSI measurements;
means, disposed in the at least one base station, for measuring an RSSI of
15  interference signals on a plurality of available frafﬁc channels;
means for determining transmit powers required for the mobile station to
produce a signal on each of the plurality of aVailablc traffic channels at the at least
one base station, wherein a strength of said signal is a predetermined level above a
corresponding RSSI interference level measured on an available traffic channel
20 taking into consideration the path loss; and
means for assigning one of said plurality of available traffic channels as an
uplink channel based on said determined transmit powers and a predetermined |

criteria.

18.  The system of claim 17 wherein said system includes a plurality of mobile
25  stations and said means for assigning furthier comprises:
means fof assigning, as said uplink channel, said one of said plurality_ of
available traffic channels which will minimize transmit power in said plurality of

mobile stations.



t hose carri ers*‘W"tTtwo sl ot'sS open and the transmt power_on the idle
carriers; aid lists with a current r WET

| evel of the “H“H iﬂﬂﬂﬂl{gm tation to find a carrier W § "ér
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means, disposed in the mobile station, for measuring an RSSI of
interference signals on a plurality of available traffic channels;

means for determining transmit powers required of each of the at least one
base stations to produce, at the mobile station, a signal on each of the plurality of

10 ' available traffic channels having a signal strength which is a predetermined lével

above a corresponding RSSI interference level measured on the traffic channel
taking into consideration the path loss; and |

means for assigning one of said plurality of available traffic éhannels asa
downlink channel based on said determined transmit powers.

15 20.  The system of claim 19 wherein said means for assigning further comprisés:
means for assigning, as said downlink channel, said one of said plurality of
available traffic channels which will minimize transmit power in said at least one

base station.

21. A radio communication system comprising:
20 uplink and downlink channels which are separated by a predetermined
frequency offset;
means, disposed in the mobile station, for measuring received signal
strength indications (RSSIs) of control signals broadcast from at least one base
station;
25 means for determining a path loss between the mobile station and the at
least one base station using the RSSI measurements;
means, disposed in the at least one base station, for measuring first RSSIs

of interference signals on a plurality of available traffic channels;
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of interference signals on each of said plurality of available traffic channels;

‘means for determining transmit powers required of the at least one base
station to produce, at the mobile station, a signal on each of the plurality of
10  available traffic channels having a signal strength which is a predetermined level
above a corresponding second RSSI interference level measured on that traffic
channel, taking into consideration the path loss; and
means for assigning a radio channel based on at least one of said
determined transmit powers required of the mobile station and said determined

15  transmit powers required of the at least one base station.

22.  The system of claim 21 wherein said assigning means further comprises:
means for assigning said radio channel which will minimize a weighted sum
of said determined transmit powers required of the mobile station and said
determined transmit powers required of the at least one base station transmit power

20  in a plurality of mobile stations.

23.  The system of claim 21 wherein said assigning means further comprises:
means for assigning said radio channel which will minimize uplink transmit

power.

24.  The system of claim 21 wherein said assigning step further comprises:
25 means for assigning said radio channel which will minimize downlink

transmit power.
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base stations to produce, at the mobile station, a signal on each of the plurality of

10  available traffic channels having a signal strength which is a predetermined level
above a corresponding'RSSI interference level measured on that traffic channel,
taking into consideration the path loss; and

means for assigning a channel based on said determined transmit powers.

26.  The system of claim 25 wherein said means for assigning further comprises:

15 means for assigning said channel which will minimize transmit power.

27. A radio communication system comprising:
means, disposed in a mobile station, for measuring first received signal
strength indications (RSSIs) of control signals broadcast from a first base station;
means for determining a first path loss value between the mobile station and
20  the first base station using the first RSSI measurements;
means for measuring a second RSSI of a beacon signal broadcast from a
second base station;
means for determining a second path loss value between a mobile station
performing the second RSSI measurements and the second base station
25  broadcasting the beacon signal;
means for estimating interference levels on each of é plurality of traffic
channels using the first and second path loss values;

means for determining transmit powers required for the first base station to
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28. The method of claim 27 wherein said means for assigning further
comprises: _
means for assigning as said channel a channel which will minimize transmit

power.

10 29. A time division multiple access (TDMA) radio communication system |
comprising:
means, disposed in a mobile station, for measuring received signal strength
indications (RSSIs) of control signals broadcast from a first base station;
means for determining a path loss between the mobile station and the first
15 base station using the RSSI measurements;
means for predicting RSSIs of interference signals emanating from a second
base station on a plurality of available traffic channels;
‘means for determining a transmit power, on each carrier having one slot
open, needed for each base station to produce, at the mobile station, a signal on
20  the pluraliiy of available traffic channels having a signal strength which is a
predetermined level above a corresponding interference level measured on that
traffic channel;
means for determining a transmit power, on each carrier having two slots
open, needed for each base station to produce, at the mobile station, a signal on
25  the plurality of available traffic channels having a signal strength which is a
predetermined level above the interference level measured on that traffic channel;
means for determining a transmit power, on each idle carrier, needed for

each base station to produce, at the mobile station, a signal on the plurality of
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available traffic channels having a strength which is a predetermined level above a
corresponding interference level measured on that traffic channel; and

means for assigning a channel based on said determined transmit powers.

30.  The system of claim 29 wherein said means for assigning further comprises:
5 means for arranging into lists ordered based on increasing transmit powers,
the transmit powers on those carriers with one slot open, the transmit powers on
those carriers with two slots open and the transmit powers on idle carriers;
means for comparing said lists with a current transmitted power level of the
first base station to find a carrier with one slot open which requires less power
10 than said current transmitted power level;
means for comparing said lists with the current transmitted power level of
‘the first base station to find a carrier with two slots open which requires less power
than- said current transmit power level;
means for comparing said lists with the current transmitted power level of
15 the first base station to find an idle carrier which requires the least amount of
transmitted power; and
means for selecting said carrier with one slot open which requires less
power than said carrier with two slots open plus a first predetermined level and

less power than said idle carrier plus a second predetermined level.

20 31.  The system of claim 30 wherein said selecting means further comprises:
means for providing said first predetermined level with a value which is

less than a value of said second predetermined level.

32.  The method of claim 29 wherein said assigning means further comprises:

means for arranging into lists ordered based on increasing transmit power

25 the transmit powers on those carriers with one slot open, the transmit powers on
those carriers with two slots open and the transmit power on the idle carriers;

means for comparing said lists with a current transmitted power level of the
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first base station to find a carrier with two slots open which requires less power
than said current transmitted power level;

means for finding an idle carrier which requires the least amount of

transmit power; and
means for selecting said carrier with two slots open which requires less

power than said first idle channel plus a first predetermined power level.



