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SY¥STEM AND METHOD FOR TI ME SLOT AND FREQJENCY ALLOCATI ON
N A RADI O COMMUNI CATI ONS SYSTEM

BACKGROUND 5 -~ The user capacity of mobi | e rad| 0. comuni cati on
systens is |limted by the wi dth of the- frequency spectrum avail abl e
for signal transmi ssion. In otder to maxi m ze a system s capacity,

tﬂer ef or e’f}t i s desisysteEMeAND METHODI FOR TIME SLGY wlmsqusncvfmlgmﬁmv band in
t he nost efficient manner poss r tel ephone systens
I n operation today conmonly usﬁ%%ge@g"ﬂwm{@ﬁn %EH known as Frequency
Division Multiple Access (FDVA) to permt a base station to
comunicate with a plurality of nobile stations. In FDVA systens, each
communi cation link is allocated a uni BACKGROENMD s| ot or channel in the
radi o ~sspect r uny it hsYiR radi% Shii T hsSds I ple
Access (TDMA), in V\mghusgr %agas%lylog ste{?i&on comﬁﬁ%na%%%ﬁlyhﬁégglbm%ity
of . nobi | es on t\hldﬂsefnﬂaequmncpecuummmmmy for s:gnaU&mMnssgmudnaordérrte cycle

into ti | ot E ‘ | tem
usi ng. FOVR. and "PEVREEG SSRRCEFPRN RS, i 8 sRmB ity reaBiptie &Y' o
hobi | e cal | s. muemtmlim;&& xaéwléfﬂiuemdﬁnﬁérwmey sI ots in each of which

a 46n8transm€?|on&§é§lels di vi ded i.nto EI% 560uS tinme slots,
with short guard 20 “® OB EYRsTN$ 1 Qppration today °mm°“}YH\‘§°QE&P‘i?S§)er| ods

in GSM are py ov Q%ug%awﬁ Qs Fesf eﬁéyalt)i'vi%ibnt Mﬁﬁ@i@ Réder"(FDMAt))%J pérft £b

cycl e is not he 0 a const ant power for al tinme s | NSt ea
changes the povitationde epmmynicatgovith 4 nbrditbpf mbdqstmpmsh dn FDMAnsyetems, ¢ach

nobi | e stati on .4 EPLEEEd I I+ [eover,
for transm ssi ons "\% Hggh}l?%aj ?uﬂ gghﬁ‘ggﬁggéhﬁ?ﬂ& lmh"t%{g
frequency chanrspectampl oyed for each 4. 6m’5 time .

Newer systems use Time Division Multiple Access (TDMA), in which a base _

15  station communicates with a plurality of mobiles on the same frequency channel by
dividing up a time cycle into time slots. The European GSM standard is an exaxﬁple
of a system using FDMA and TDMA to allocate both frequency and time slots to
mobile calls. The system uses 200KHz wide frequency slots in each of which a
4.6mS transmission cycle is divided into eight, 560uS time slots, with short guard

20  periods between each.

The gﬁard periods in GSM are provided because base station transmission
during a time cycle is not held at a constant power for all time slots but instead
changes the power level for each time slot based on the distance of the mobile station
using that time slot from the base station. Moreover, for transmissions which employ

25  frequency hopping, wherein 'thé frequency channel employed for each 4.6mS time
cycle changes, a guard period of zero transmission power is provided whenever power
or frequency is changed dis(:ontinuously to avoid spectral splatter into other frequency
channels. |

Another example of a system employing both TDMA and FDMA is the US

30 _Telecommumcatxons Industry Association standard 1S54. The 1S54 standard describes
a system having 30KHz wide time slots in each of which a base station employs a



cycl e changes, a guard period of zero transm ssion power is provided
whenever. powe96/07287 or frequency is changed di sconti nuous! yctRseyiesd
spectral splatter 'into other frequency channel s. Anot her
exanpl e of a system enpl oying both TDVA and FDVA is the US 30 ' :
.Tel ecomuni cati ons | ndustry Association standard |S54. The |S54 standard

descri bes ~a system having 30KHz wide tine slots, in each of which a
‘base station enploys a V\D 96207287 '
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20085 transmw%ﬂmyusseomwlmudedwuo ﬂmeseﬁ 6mS@me dotsavithl mt guand périodo guar d
peri od r |onl this temis
actually jus a con |en%_%§ssaﬁ§'?"§&s?ngﬁ@m&st§{|g ?}% iy Actpa lmpstl f‘éﬁ‘@ﬂmﬁata to

t hree nobi | etransaission of tifitemeltipexertbdaiaito three mobilgsations. [Thexs 1@616 guardl | A | S54

because fre e.n ha S o the ry, the system
ant i g i pat es X \/W‘P]vég%lo’ﬂgn {assgtbeﬁn% f%%uep% QPping lsrl‘%\F‘i“P‘B ‘%"I hes. g

U.S. Pat @nt duatrary, Aebsysteth drticipates efat te Mﬂ%ﬁ%lﬁbﬂﬁe%ﬁe% aftldnRc &bk N
frequencies and tlrre sl ots.to mphile st.ati ons. such that all the tine slots:

on a given - Y5 q?ﬂé%)N%r“quﬁi:nloéﬁ Schaesfer describes emeﬁwdtqfngomns slots on
another freqggngyciesind time sloB35 ‘ioBle gﬂﬁgllsesu%ﬂla'tﬁﬁiheoﬁﬁ Slof o ?glvﬁ:' n this

way, the trans tters and frequencles.t ve not ~as ye ocat ed
tinme slots caequeecysace fidled firssbeforealidcating time siotsion anpther frequencyerByer ence.

fequi 1 oment TRHANE pBRe SRABANEelchupl b\ w43. SR Rifees d Frpieacies hee oty

even whd® have nonisyyenaﬁooatedrtmeisldts chbue\swttcheutofﬂcdmplémyueédedinghat the bas

station still ansm ' XI mym . evel: for  each frequency
in use, irrd¥8 E 'sthﬂ'lq)Fﬂﬁ? capgclty &§4 system; arising, fromshe o
resul’ting i rle@ufl!n@ﬂ?lhaﬂ@ése's&ﬁ&hs ﬁnuhﬁ&l&r&ﬁsﬁﬁ% diN@bee! imd Q16ts even whaner
needs of each nobile were taken into aCcount

only one is needed. However, it will be noted that the base station still transmits at

one maximum power level for each frequency in use, 1rrespect1ve of the power needs
15 of each particular mobile, resultmg in a higher net level of mterference than if the

power needs of each mobile were taken into account. '

Accordingly, it is an object of the present invention to schieye reduction of .
20  interference by a more effecnve strategy that works even when all time slots are
filled. Exemplary methods accordmg to the present mventxon allocate mobxle stations
to time slots on the same frequency as other mobile statxons requu'mg sxmxlar base
station transmitter power levels In this way, mobiles which are allocated time slots
on a given frequency channel will llkely lie at similar distances from the base station.
25  The base station transmrtter power can then be chosen to be jl.lSt sufﬁcrent for the
mobile stanon on that frequency that needs the greatest power level. This provxdes a
greater power margm than needed for the other mobiles on that frequency, but :
nevertheless allows a lower base station power than if mobiles had been allocated time
_ slots and frequencles without regard to power needs. Thus, each frequency channel
30 will serve a group of mobiles with similar base power transmission needs, and the ,
base power can be corresponclingly reduced on each frequency channel 50 as to be just |



SUMVARY W096/0728tcordingly, it is an object .of the presemcTiusysgioon
to achieve reduction of 20 interference by a nore effective strategy that
war ks even when all tinme slots are filled. Exenplary nethods
according to the present invention allocate nobile stations to time
slots on the sane frequency as other nobile stations requiring simlar base
station transmtter power levels. In this vy, nobiles which are allocated
time slots on a given frequency channel will likely lie at simlar

di stances from tSh%icwas%rgoa‘ﬂ iSiGﬂaﬂ trgsmissipe forbe graupt i The qumutative reductionsiier
can then be cho ' Tl Jr e . Ld.& thon on.
that frequency ?ﬁg’# ﬁ%g%ygﬁénngf;g%rifg{@m&gf “fdé?/‘é‘fy. re‘f'%‘fesmp"g{ﬁ"g‘%g‘ fgg -
greater power n@ygem.than needed for the other nobiles on that frequency,

but nevert hel e l,] F [ base .stati power fhan. if bj,| es
had been al | ocat ed t???%'%dmg% a§|e6$r\é\ﬁanaraen?brogﬂ-ﬁeé\h8?g1§ stﬂtt)m’e'}n@ﬂa}"gg‘l Hepover
needs. Thus, 5eadistimetiledinkywidh@giveh bade is sev dp, tikchiase choogésod! fre@iencpiind e Wi t h
simlar base power transm ssjon needs, and._the base power can_ _be
correspondi ngl y Sioé GORAIAING Migipym f'l‘%‘g‘?]@??éy Commands azg thea issuedoto the, srobile

VO 96/ 07287 station to adjust its power level to a level sufficient for good received sig i
PCT/ US95/ 10810 Just1ts po i good received signal guality at

SUL ficient for desobasei Jiaimabilesistion in WM feports Bigna)rstrength Uheillaiinmcgivwé’om
reductions In e paeP Q&ﬁﬁne 20 ¥ %E%yﬁlgoﬂk%oseg Q%@feﬂe@el ,af\g?%cried‘? k%ﬂ{o&id&%%ﬁ y

reduce interference 1n
exenpl ary ei@odisigagit quafitytdoehepmebitent i nventi on, when the ‘5 first mobile
u

link with a given ba is set up,,.lhe. base .chooses a frequency and, tinme
sl ot containing mini iarﬁeﬁ‘-?"fde'gglﬂt‘ ink Wit Hirame bass 1§ spt o é%ﬁ“?&“i%es the
nobi | e " st abivenievél 18 Wk Wahsrhitted BPWAL moBit€and Modatksibethe Setbhd ioBé f or

good received.signal guality at . . .
another time slot on the same frequency if the power level to be transmitted is close

to that used for the first mobile. If the required power level is slightly higher than

15  that for the first mobile, the base smoothly increases the power transmitted to the
higher level. If the secdnd ‘mobile requires a power sufficiently lower than the first
mobile, it is allocated a time slot on a second frequenéy. The' base then adapts its
power and commands the mobile power to appropriate levels to maintain adequate
signal quality in both directions. '

20 Aécording to exemplary embodiments, when a new mobile link is to be
established with a base station already having a plurality of ongoing communications,
the base station first estimates the power level that is appropriate for transmitting to
that mobile. This is compared to the power level of all ongoing transmissions on
frequencies that have at least one empty time slot. The mobile is then allocated 2

25 time slot on that frequency where the transmission power is greater than but closest to _
the estimated power. If nb existing transmitter is of high enough power, the highest
power transmission is smoothly increased to the estimated requirement for the new )
mobile, and the new mobi_le allocated an unused time slot on that frequency.



the base. The nobile station in turn reports signal strength or quality
recei ved froRyoosn72sit he base station and the base station che ,gg”ﬂoﬂgwer

| evel sufficient to provide good 10 signal quality at the no

When a second nobile link with the sane base is set up, the base est| mat es
t he power level to be transmitted to that nobile and allocates to the
second nobile another tinme slot on the sane frequency if the power

| evel to be transmtted is close t-¢- t hat used for the first nobile.
If the required power level is: sllghtly hi gher than 15 that for the first
mobi | e, the base snoot hl y BRIEFEDESER! N V¥ TI RAWINGS! 0 the

hi gher level. |If econd ’ r suff|C| | ower than
the first "%lﬂﬁtéregplpg,l %’"ﬁ?’“}'?fcgﬁgﬁ‘s’aﬁ'ﬁuﬁé \ﬁe&ngg&s QE?\? Plequency.
The base t herin@éh@iph swill b& more readilp \WRderstosd ﬁﬁUﬁTﬁHdiﬁ HeefollBRingCeRMegr 10
appropriate |evels to mai ntai n adequate naI quallty I n.both

directions. Xgscription in conm&@emlﬁgtheéraeawaﬂychanbodl rrent s, when a new |
mobil e Tigk is togd re 1(a) sh 6‘\%5?5*%%&%%@52&@6 st ?ﬁu"ﬁ% 83y N9 a

plurality of ongoin ni cat1 ons t he estimat es
the power IemthMtslotsnépw&mtRM6.for transmttl ng to . .that nobile.

This is conpared t Q of n nsm ssi ons

frequenci es that Hﬁ%\é@gpﬁ lgg%talegﬁgéum S?useflﬂo HEYY F'é“‘?“épﬁmn

al located a ?&ﬁogtfoﬂalcﬁloﬂhwﬁmé slots dfrmguerl@,v\herg t he tranfsm ssi on” power

is greater than C s to : e estimte | f- _no existing
transmitter is of aﬁéhﬂﬁs oo *H@eﬁi’”@‘ﬁﬁﬂ’wa Peq““'ﬁ'ﬁ?%? forraseheme @ on (
i s smoot higy ivasiciea ﬁﬁhetsqbc; be a%ﬁdnfﬁég@éndyeﬂé' ifilied8&¥ore Alochtly MRY/slots on

nobi |l e, and the new:nobile al | ocat an“unused tine slot on that frequency.
WD 96/ 07287 another frequency;.

PCT/ US95/ 10810

BRI EF DESCR PTI ON TP HAD) RFIge actual transmission power used by a “"Vﬁﬂﬁonaﬁbase |
station for the time slots of Figure 2(a),

Fxgure 3(a) shows an exemplary pattern of base station power profiles for
15 = mobiles which are allocated to time slots and frequencies according to the present
invention; | . _
Figure 3(b) illustrates base transmission power according to an exemplary
embodiment of the present invention for the time slots illusﬁa;ed in Figure 3(a); and
Figure 4 shows an exemplary network block diagram according to the present

a

20 invention.

In order to fully appreciate systems and methods according to the present

invention, a more detailed description of conventional systems will first be provided.

25 . Figures 1 and 2 illustrate conventional allocation schemes whereby the base
station transmits at maximum power to the mobﬂgs,_ irrespective of their power

: requirements; In Figure .}, mobiles are assig_negi_ fiqquencies_ (F1-F4) and time slots '

(Ts1-Ts3) essentially at ro. .om. Regardless of the power level required for each
mobile, the base station transmits at the same maximum power level on all time slo:-

30  as seen in Figure 1(b). Figure 2(a) illustrates allocating frequency and time slots to

new mobiles so as to concentrate the mobiles on as few frequencies as possible in



The foregoi ng, woneb/328Ter, obj ects, features and advantages of POWUSIsSROSRNT -
invention will be nore readily understood upon reading the follow ng

det ai | ed description in conjunction with the drawings in which: 5
Figure 1(a) shows an exenplary. pattern of base statlon power requirenents
for - each tine slot on four frequencies; Figure 1(b)

Il lustrates actual transm ssion power used'5by a conventi onal base

station for each of the tinme slots of Figure | (a); gure 2(a)
shows a patt er nOwer. Wa@@ug@tatmaasmmm pibgn frequenciess Nete thatsdhefithe inﬁlelscpts

which al | tinme g %ﬁu E‘Fﬁl'a}{&'i‘fzfah&‘ilw&%?&xe%r%efﬁlg{é §Qoks BQ(P%;ﬁv?'bE&Fﬁ‘ﬂéd"glt“ e

slots on anot requency l'ustrat és
actual transm seandre w\m Figue2(b)s m“cmwém ald bade MS having atsleast bomadtive t he

time slots of F ap.exenp

pattern of baseh'ggaféllon pd\t/\%trmf)r m}l@? g%& lg‘gneg%c‘i%gg%\%ﬁ g\% q%f%lcat ed
to tine slots aswemeemlenhnseshadlmub auglveamehqbotmreswin&hed off. Moreoeat, ineither
Figure 3(b) illustrates setr sms i on_power accordin | ary
embodi ment ~ of t FROVER %‘n’ﬁ VStstWEPPWﬁ%ﬁ’é’F&E@S?‘&FGg{YrtE?E rrg

Figure 3(a); anébmmensurate with thaE ir@dﬁ #omebifes, exenpl ary network bl ock
di agram according to_the ‘ﬁr esent " Bvent T on.

DETAI LED DESCRI PTI ONFigure 3(a) shows mopﬂe&)hacmg the samg powereawirsments asyusedins and
t hod di |
met hods accordi P%nlteg 1&4]%9&&3%%5 allocatﬂ e %18% ) Owﬁéqu&’@ég (f«‘?'accordmg

description of cOnventional firs
Figures 1 ald ZmldNQxempBrpembmdxmnmtl afrtbd prekdnb (viention. sNbterthat théy threebmobiles (base

station transmits maxi mu r to the rres ectlve f . thei
power *oqt P i FRUrE ThERAS novRr aitcptpled B J{oT REGrE T e meet
(F1-F4) and ti neighdspitivee mobnes((i,siair@S) a:eaﬂemwdad freqienéypFR and tHeapebikh ess of
the power level required for each the base station trag smts

at the sanme nmaxTeAURNG dhgloweg hase Eansmit pQ“Y%G §P‘3: 3) ars allogated;fofzequanqy;
1(b). Figure 2(gmhstidting thdt G tﬁhkrﬁﬁ@;sl msﬁmw W&Xh-&ﬁﬂaﬁhﬁﬁr Fvitk wHile those

new nobiles so as to concentiate the nobiles on as few frequencies as
possi bl e i nlS  that have no active time slots do not transmit at all. Although the number of
' transmitters which have been switched off (one) is the same as in Figure 2(b), an
additional benefit is obtained by operating those transmitters that are active at reduced
power levels. |
" According to an exemplary embodiment of the present invention, when the
20  first mobile link with a given base is set up, the base either chooses a frequency and
time slot at random, or chooses the frequency and time slot containing minimum
interference. Commands are issued to the mobile station over the air to adjust its
power level to a level sufficient for good received signal quality at the base.
According to one embodiment, this power level can be that which is just 'high enough
25 to provide good received signal quality at the base. The mobile station reports signal
strength or quality received from the base station and the base station chooses a power
level sufficient to provide good signal qualit'y'at the mobile. Again, this power level
may be that which is only just sufficient for this purpose. |
When the second mobile link with the same base is set up, the base estimates
30 the power level to be transmitted to that mobile and, if, for example, within the raxige
6dB higher to 10dB lower than that used for the first mobile, the base allocates to the
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order to elimnate transm ssion on other frequencies. Note ?%’Fsggflﬁslgf t he

time slots -~ on frequencies F1 and F2 and two of the three tine slots
on F3 have been filled. It- can be seen in Figure 2(b), however, that
all base stations having at | east one active" time slot transmt at

the same -maxi mum power |evel according 40 this conventional 5 schene
whil e those that have no active time slot are sw tched off. Mreover,

nei t her - secomhmebile arvttier 2inledsiationathie sahie equeicy a8 thelfirst MOHIRY, h‘}éﬁbl

transmtted lb1¥ I he base {Q b&g m%\'{eate w.th that reqw red E‘),y t he

nobi | es. the time slot COpfaytngs @%‘Yeséiﬁy E%‘C‘FraN%“‘tﬁﬁ rsgard theove

requi r ement ssigfiatigas ;ioﬁer requxrexﬁé:ﬁslfd?%aél( fhbb¢'En %&e%)fragx L;hﬁé@w%‘ eiizt o timne
ex 0

slots (Ts) and fre enci es according 10 to an ti ment of

the present 3ndEhin “fel‘%ﬂ)e E 1the reguised power fﬁbﬂlel @9011@1m0b!1e hnk levelis) fay

oot "y ABaliBR, 07863 s Winha 6F i 5% RO ol SAUGAY oblesee ", 1
'glolbl) l: :tsed t the power transgmtddetoltlmhxghex‘daw tIf ﬂresxecandpnnhre x(e@uxmsdl powetr €

Cranen ¢ at PORIGAGH et BT o 678 gt dhan B B n it octive

tinme slots dalobsted & tiaiesslotionad seebad frédldehﬁyl,qhefe@l t&@hﬁﬁe Qbt which contains )
transmtters V\/mch have been switched off &gé\‘ the sane as in Figure '
#ipps e

2(b), an the migimum lsyel of jatsEerencs. s Thypase (PwMen and epmmands the
transm tfger SmbtiR! powe? t@ﬁﬁ)}i pridid IeV@lgld&ﬁﬂt aintain E@%ﬁﬁte' %n fuahﬂv in hoth (

According to an exenplary enbodi nent of e prese en the 20
first nobil edirectiensyias befaregi ven base i s set ‘up, the base elther chooses a

frequency and he,.f r tinme

sl ot containing m n?nt ihg?hl?& %bﬂé lﬁﬁ%ﬂerﬂr‘]%g&mggﬁngzﬁ%éhg’r gxe g"%ff [t‘lﬂe

mobi | e st at |mxweownewﬂhhmdm transnuatl; the third mobile. Assuming tHecfirsd twiocomabiles \apd
According to

e enbod: e Riad B are FegbARTLi HE ol SRrESt i it et s
to: proviide qsfpfbrrdiﬁmplé?maﬂ giealer thafl!thd Weﬂer o mdommom%m% 1248 {GWweron
reports sign st rengt h or qualjty received fromthe base station and
t he base st q,rbﬁecsﬁ'gm of the firshtwo mobiles, the third mobile is allocated another time
slot on the same frequency and power levels are adapted appropriately as before,
Otherwise, the third mobile is allocated a time slot on another frequency, preferably
that having the lowest level of interference.
20 When a new mobile link is to be estabhshed with a base station already having
- a plurality of ongoing communications, the base station first estimates the power level
that is appropriate for transmitting to that mobile. - This is compared to the power |
level of all ongoing transmissions on frequencies that have at least one empty time
slot. The mobile is then allocated a time. slot on that frequency for which the transmxt
25 poweris greater than but closest to the estxmated power. If no existing transmitter is
of high enough power, the highest power transmission is smoothly increased to the
estimated requirement for the new mobile, and the new mobile allocated an unused
time slot on that frequency, preferably that containing the least in_térference. The
~ transmit power levels are then-adjusted appropriately as before. Similarly, the
30 transmission '_pdwer can be ramped down for frequencies in which a highest power



| ével suffici enwdsg/opasevi de good Si griél" du'a'l.i fy at the nobile. peraisosidsiv S

power | evel may be that which.is only just sufficient for this

pyr pose. Wien the second nobile link with the same base is set
up, the base estimates 30 the power level to be transmitted to that nobile
and, if, for exanple, wthin the range 6dB hi gher to | GdB | ower than

that used for the first nobile, the base al-focates to the WO

96/ 07287

PCT/ US95/ 10810 time slot becomes idié after a connection serviced ori'that time slot becomes- 6-
second nobil e an‘ﬂ%(%ﬁﬁ téd”e sl ot on the sane frequency as the first nobile,
preferably e_efc sl ot containing the | owest |evel of interference.
Note in this regard tHigure 4 shows amiekemplary netwmmkrmmamﬂxagfw:he@%nt
nobi |l e on each, fre uenc nnel .F1, nd F3 i.n, Fi

the required povﬁBY t%@mgﬁ%ﬁ‘?ﬁ'ém%b‘fef‘ T (MSE) I@\?%F"W"Saeq Ey?and 1ne ‘(”e&‘ﬁ?\"pl e,
0 to 6dB hi glser dolﬂﬁim:ﬁdmbn fifks fol¥eminities of BENei stationtshies RfEenced B9 linkrals\§1,8RS €S

the power transmitted to the_higher level. If _the second nobile. reqwres a
power nor eE4h Dase ?W“e%&ﬁﬁ!‘%‘"s 20U mben AR TDMA tBpmiteTshEsceivens #Ad ¢ he
first mobile, itgyl . t td Giked
preferably the tainlrtfczmgl ot V\/ni ch ofﬁ%g?]r?s s'H?eﬁelP eﬂlrlﬁerﬁ?ﬁrrg g&éﬁﬂg%

interference. Thascérding to aen-calledeell plursog)ﬁvmenemeummnugmt hre préferabhpbi | e

both © Phi roarPERmELE § ah{ shafibi ML hchied A pahd Ehe B et sl
Wi t 2 E het san® b?a?'oaltso emtamla bak&laaﬁms&n&enérrm €Thd dspuonal base RENGY controldér dan
nee (6] ransm

As bi |
al ready using tHE XY °‘H" Eﬂj@ﬁg& t‘IFF@%EUaE'?‘S ‘?fg‘ﬁg?‘ﬁe %'Pan’l‘Flf‘gl%}ie \?\nrtehl n

the range 15  QlurrehCinvéntRA o ukzédﬁneﬁ&et:er—mmaﬁeﬁdmmyw MSC. t Wheh tHfeSt
two nobiles to 12dB | ower than the stronder of the'first two nobil es,

the third nobil eMSS 49 is gblerte peeioran therfungtipas required, ghe basgritatin coutreller A3 aayncy
and power | evel sgan6 waAARNEChtARR 16 Bidndl &dnYmaricdtfoh®b&ween the transceivers and the

15 MSC.
| As a further option, an interference assessment receiver 44 can be used to
provide information via the base station controller to assist in the allocation of
frequency and time slots to mobiles. The interference assessment receiver can be a
scanning receiver, spectrum analyzer or multichannel device adapted to determine the
20 = interference energy levels in each of the presently unused frequencies and time slots at
that base station site. This can be supplemented by measurements from the traffic
receivers in unused time slots on their own frequencies.
The base station normally also contains a calling channel transmitter and
random access receiver. The calling channel transmitter broadcasts information about
25 the status of the base station to mobiles that may wish to establish communication.

' The random access receiver receives transmission from mobiles attempting to establish
communication, before a traffic channel is allocated to the mobile according to this
exemplary embodiment of the present invention. In the IS54 system, the calling
channel is presently a non-TDMA transmission employing continuous transmission on

30 a special frequency. The random access receiver operates on a corresponding
' frequency 45MHz lower. Calling channel broadcasts and random access take place



O herwise, the third nobile is allocated a tinme slot on-another frequency,
preferably woosnmemt having the | owest |evel of interferengermibsiosio
When a new nobile link is to be established with a base station already
havi ng a plurality of ongoi ng conmuni cations, the basé station first
estimates the power 1evel that is appropriate for.transmtting to
that nobile. This is conpared to the power . | evel of all ongoing
transm ssi ons on frequencies that have # |east one enpty tine sl ot .
The nmobile is then allocated a time slot on.that frequency for which the
transmt 25 ump@xmnclnegteg code: frequencynmbdulated date dransmission av it thediSAMBS\er . | f
no existing

t ransm ssi onh%lfs?ﬂ%r’rﬁ Atlsahlélfteéaqge %%@Eab?@&ugg’@ylﬁr%{lg‘g clh% W@L‘QE?V\?{)F

t he new nobi imrodaced, tdgethaewrthrabl‘lbhlﬁakdndomtaechsnnhameﬂseﬂ the TDMA Icmmgl ot on

t hat  frequenc refer t hat ont ai ni t he e rence.
t r ansni tqpoméli/d“flé aﬂf’eﬁ o E%HPBBF‘F Qs VH’ gu fco‘Fém"’Iﬁ“ﬁP‘farl Y,

L hehsot ts anﬁmnmm m@vmen ﬁﬁfﬁctﬁ%uxﬁﬁ?ﬁﬂl power sherldfbeeasag}rwlts&hé &nﬂhxﬁé" a
i ghest power
pCTg / US9 5}0108g;(ne slots on the callmg channel frequency which typically requires full power.7-

time slot bec0rreSHuﬂh%eaaggeaaedq&mﬁ&rdnea%:fsecrfuégecﬁw h@'badd itigh! O!

becones di sconnect ur-e OWs an exenpl ary
net wor k bl ockonttolgr amdescriteddibove can bemmmemm convenientiyrwithn thecaid oPomendsi | e

q

commni ot | oors metofbodkoch B EARRRES 3is pisplly vt Tk Srosebes o, (

numer al s16+1, éémputer recelfescditd)mesage% atansmittsd bg mobile dtatibnrequesting call sef A
transmtters, rece .ant ennas. . The oger atg}Fg fre uencr es of

| 2
each transm PBdPT Qﬁ?ﬁy §E§P%F°’H‘B§“’S@°F‘F’X’§B°m"g sign R qv%l ¥ levglscal | ed

cel | "plan or rdekiQed Erafy/the Dusesstativn! eTHS g&sceisaraiabrecewesdatarﬂ%rammble
to any channel in the allocated frequency ban The base station site 10

may al so conthgibasastatinncreseivars shichoprovides iaformation pertaining émthe signabstesngthi on
controll er cghguatity received from the mobiles, as well as interference levels in unused time

15  slots. S _ .
According to this exemplary embcdiment of the present intrention, the
computer processes this data to determme an appropnate frequency and time slot for
| communicating w1th a glven mobrle station, and sends control sngna]s to the chosen
. base station transmltter-recelyer so that it expects _the mobl_le_ signal. The computer
20  generates a meseage for trensmission to the mobile to command it to operate in the
chosen frequency and time slot Messages are also generated for transmission to the
mobile to command it to adjust its power level according to the received srgnal
strength or quahty at the base station recetver Similar control sxgnals are also sent to
the base station transmxtter S0 as to control its power level to be, for example, the
25 minimum necessary to maintain signal quahty as reported by the mobﬂe on that
frequency recewxng the lowest quality. Alternatrvely, the power level can be selected
to be some margm higher than this mlmmum necessary power
When a base station maintains a large number of ongoing conversations with a
. multlphcrty of mobile stations, there can arise reasons to change the frequency and
30 timeslot allocations between mobile statxons even when no old calls are termmatmg
and no new calls are bemg initiated. Due to mobile motion, a mob:le previously

o



be provi ded wheRyd d¢idregzdesired to separ ate the intelligence forpery

95/10810
I npl enenti.ng the : current invention fromthose functions norma ?F
petformed by the MSC. Wien the MSC 40 is able to performthe
functions required, the base station controller 43 may sinply be a
concentrator to funnel communications between the transceivers and the 15
VBC. As a further option, an igterference assessnent receiver
44 can be used to provide information via the base station controll er

to assist in thereghiring Aighopowdk may now b¢ SELRACYy R badestiioRtpowkPoribk V&sa.
The interference assessrrent receiver can_b scanni n%sr ecelrver,

spect rum anal yzef SURPISSYSt§TRaticRgans &W@gﬂﬁgﬁﬂ?"é‘ﬁyﬁﬂd timeslptallosations ipfor the

i nterference en

e sl ot e at - Aol hanial £ of Bhediicdi BRAns Kol B Brdef BRUERT siErafi <
measur ement s f r ofeeeived fremithe mobiles, or,rmereiageuratelyn sontedsis ordérrf radio (psopagationei r
own frequenciges. t r ains
calling chanr?gl P?sa?le% ebasedgih?iogiﬁgﬂ?e 'ﬁ%%ﬁg'ccqglgﬁé e| vg&(’?@ﬁ% ] 'I’? ng
channel transni tdcarpumdcfmin astnewlsde ofrthei received ignaP Sirenp theandtthd powerfleved ghebase
station to nobiles

hat h t bl i,sh t . . Th
random access re‘BB‘?‘iFe‘?’asrlé"E %gc?mgﬁ%%figgialg%tf ﬁg%ﬁﬁ@ °§ttt“ér’(ﬁ¥“Fﬁ‘§YﬁI‘}

est abl i sh SonpEEd fecth laGtowhAEe bﬁth% stgrnaf tf;uamyck?mﬁ bdck b the fRbRE a0k he
nobi |l e according to this exeng enbodi nen t he present
i nvention. |n t hENSBEETr Powenthe nepork iy mgumnz to itc Hilhsuch informationamay be o

non- TOVA t 1 afgs i §i-0d 2l B QwEPi‘géerdOd’fSa £l AdSENdS T Bbtafih ?’rﬂ%pthé?l SBfaleYr

frequency. The random acce ecei ver operates on a correspon

frequency 45MHz propagatiorCioss.i ng channel broadcasts and random access take
pl ace WO 9 T . -

PCT/ US95/ 10810 %ﬁggzﬁxz sorted list, the network ensures to the best ef its ability that the top
usi ng Manchest erthfedfobiles gh aiclist areiallcshted tidrilotstonathe highest powescdrtiet he US

AVPS frequency; the next three mobiles in the list are allocated timeslots on the next

15 'stfongest carrier frequency and so forth. If a Digital Control Channel is in use and
transmitted on the strongest carrier, then the'top two mobiles in the list are allocated
the same carrier, the next three the second strongest carrier and so-on. The network
may, if required, swap two mobiles between two carriers to achieve this. For
examﬁle, if the highest power mobile X on carrier B due to relative movement now

20  has a higher power requirement than the lowest power mobile Y on a stronger carrier
A, then X and Y are caused to change frequency and timeslot allocations by xssumg
them with hand-off commands. Such hand-offs within the same base station area are
called "intem handovers”, and are made purely to achieve a more optimum
frequency/timeslot packing that minimizes created interference with neighboring

25 bases. | | o |

It has already been indicated above that an exception to the packing rule may

be desirable if there is a large dB difference (e.g., > 10dB) between the carrier
power and that needed by a mobile next on the list. It may be desirable to allocate
that mobile to a lower power carrier together with the next two mobiles below it in

30 the list. This results in an apparently unnecessary higher power transmission on a
timeslot that is not allocated, but this departﬁre from the absolute tightest packing



cel [ ul ar system At a later date it is probable that a TDVA cal ling channel

w il be uced, together with a TDMA random accesg ,gg#y]@

t he TDVA cal‘Ylng 9)d channel uses, for exanple, only one oc? #ﬁoe
time slots while traffic is transmtted 5 in the other two, then traffic
requiring full power should be assigned to the remaining time slots

on the calling channel frequency which typically requires full power.
It will be appreciated that the functiopg of the MSC and the base station
controller as described above can be inplenented conveniently with the aid

of one or algonﬂhﬁf ﬁhs%&ﬁd&@ﬁﬁﬁ@ﬂﬁ@i Few? in6celipitd ﬁhﬁsl@ﬁ@r@ﬂﬁ&iﬁﬁﬁd&hﬂmgﬁﬁlﬁ ware.
The processor or nput-er- recel ves data nmessages transmtted by nobile

stations req%ﬂﬁ“ﬁ’g“@&ﬂh rapge 3gg are thus aygilab 1'&“ Bg e celligwithout ©
comuni cal | Ofifving ARPLd 4isfirtSs thad mﬁﬂﬁé'?ﬂtoh er%uodsevls'c& even be ' €CC! ved
fromthe base station. The conputer . or pr ce sor SO recelves data from

t he base st aadoowdraa@edehberstwm@ay,ptodea\e@s"hoiﬁ" Vet 1368 gresor ofi propagation t he
signal stgen e

interfer eilceBF i3 @%h{eﬁomﬁbyﬁg g{té}ﬂ‘ &‘h&dgpmbk apld&s?v&c#b g to
this exenpl aroyaceafnmddatenew@alls. hK uecamseof thmmmel plmertstep between "haayutaer

processes this a er ro frequency an slot for
comuni cat i nf§© ‘ﬁt’f“ S’F\?gﬂcaftﬁ?btplae noa]garg ﬁ'@ %Fﬁ!ﬂb ﬂc’j’é s to the
chosen cdifeefed Yyt esfs ﬁa&ss&ﬁ@pmwem faRes Plade drf a %%Fhﬁxeéehﬁ.

nmobi | @ signal. The cor generates a nmessage for transm ssion to
the nobile t%uqhm%mms resonytgeprge@urqqalsq]bandles the evesteha mobdeeslty and tine

slot. Megsag | le to
Comand [ ¢! BPpARIAE ah b uds@ e Be pBiey fobilon logs 1

st renlgt h or bpjmove@umtresurl]tmg:mghe bighest oﬁthr&:]ecrhaps re@iiving an' memalrluhmeegnal s
are al so-sen t he {t ontrol its
power | evel {O&BQCth%heé%ﬁﬁbﬁ ggﬁ%{; L@% ﬂf'ﬂq‘ﬂﬁv e@ggggﬁgﬁggﬂ%ﬁent ain

si gnal qual i hecesarilychiu graddally Therambfhadoversbatberesmcteﬂrsequanmymmmeel ving
t he | owest qual, I;%?q | evel can be sel ect to

Alternativ t he power
be some mar gf*® handoyger mer ﬁl(’gtegnﬂﬁf‘ pq*é@glgsaayyor}gg\pg;tenseconds ?tda ~ When

a base siqti ﬁxﬂbﬂ@hﬁtxﬁéei%daad iffefifal RaneOr 6t haROGHP WiGlirCHE 1K feAl Jethdls Wit h a .
mul tiplicity of nobile stations, there can arise reasons to change the

frequency anqtaawle,mmenowdnsamengnda@tfmnammmmm haven when no
0110 cal | ar Gk yigh isrongest e obIRY i thd rdd b8 bn'a bl U

to nobile no
terminates its call, the power of the camer may of course be regulated down to the
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(

stronger of the two remammg, thus reducmg created mterference levels.

20 The above-described exemplary embodunents are intended to be illustrative in
all respects rather than restncnve, of the present mvennon. Thus the present
invention is capable of many variations m detaﬂed xmplementatron that can be denved
from the descnptnon contamed herem by a person slolled in the art 'All such
variations and modxﬁcanons are consldered to be within the scope and spmt of the

25  present invention as defined by the _follo_w_mg claims.



WO 96/07287 '
W 107287 PCT/US95/10810
PCT/ US95/ 10810 YO 961072 -0-

regui ring high power may now be satlsfled by | oner base station power or

Vi ce versa. A sinple systematic neans to reshuffle frequency and
tinmeslot allocations is for the network to maintain a |list of ongoing
conversations sorted by order of signal strgngth received fromthe
nobi | es, nmore accurately,.sorted in order of radio propagation 5

| oss bet vveen the__gﬁ@_mme mobi | es. The radi o propagation |oss
may be conputed froma know . edge of the received signal strength and
the power level the 1+ Adpedvigige multinle acress,ragio Bn 8GR . A
second check on édi% “.%L ue nay be conmputed froma know edge of the
signal quality reporte

back tbry the nobile and the _ transmtter power
the network is transrd plurality efofrequency chanagln/far rapsmission; af eemmuricatipn signals;

i zed d b hed
oL 1 zed and gver a0ed, Qgfnpoptl e Gch G3BE7 gk, 001 211 3 oot e

’the sorted list, the
network ensures to t heplhmty off fisst statidms Iwhigh trémsmittdnd receive commurnication s:gnaisl es

on the list are all,o e ts hegt power carrier-
frequency: the n®kfhe tC%q@%“ ﬂ"é'fg %“ﬂqg%émﬁ E’Fg al l ocated tineslots on
the next 15 st rongesgt 16a3¢ brieSsecdndestition Gyhichghsigas ixﬁktslbts it a irfdifesquec K@hﬂtﬂepl
Channel is in use and transmtted on the str est carrier, en t he

top two nobiles torfishiations usipg thefnghsshirangmitter power, v 38d #Rjch; 3é?‘$“st tirge slogs;
three the segpnd,ph rs&'&ﬂ?’ gﬁﬁ&gﬁnn@l% first ﬂhonﬂ]ﬁné‘ ehiMitter power lé@)ﬁ wlhéh

required, swap two nobi en two carriers to achieve this.

example, if the fmegm@tthpbmd highest rransmitser pawerilevelss due to rel ati ve
novenent now 20 has a hi gher power requirenment than the | owest power
nobile Y on a stronger carrier A, then X and Y are caused to change
frequency and ti nmesl 02 al | & ciadei divisiob ynultiplel acegss radio coninaumicatibin syszeml acdotding
commnds. Such hang- L thin the same base station area are call ed
"internal handovirdaim L fyrther.comprisin Burely to achi eve a nore optinum

frequency/ tipgesl ot paﬁ&nﬁ@oﬁ AHpisting menpoms tRah§Aited by tecdt l&iseomeecsevbrid station on
nei ghbori ng 25 bases. It .has al ready_ been indicated above

that an excepti o¢achdreguency shaqnshtorbe migifaum power leyelpacessaty for ic?mﬂ‘\‘ém‘?% a
large dB differegfg elérySirst statlol UR) thtohitle Sreqhbiiey CRirnef"

3. A time division mul_tiplé access radio communication system according
20 to cleim 1, further comprising: '
. means for turning off frequency channels having all time slots presently
_ unalloc_:atéd to a first station,

4, A time division muitiple access radio communication system
25  comprising: o |
a plurality of frequency channeis available for transmission of communication
signals;
a plurality of time slots on each frequency channel;
a plurality of first stations which transmlt and receive commumcatxon signals

30  on the frequency channels and the time slots; and

| (L.



power and that needed by a nobile next on the list. It nmay be desirable to ‘

al | ocate WO 9¢/67287 nobil e to a | ower power carrier togethepceivstsfof@ next
two nmobiles belowit in 30 the list. This results in an apparently
unnecessary hi gher power transm ssion on a tinmeslot that is not

al l ocated, but this departure fromthe absolute tightest packing

WD 96/ 07287 ' : _
PCT/ US95/ 10810 . ' al gorithm has -le advantage that a few unoccupied
tinmeslots are distributed throughout the signal strength range and are
thus avail abl e f ot least enexserens stafioncwhiel ports the finstistations inth groups) reiquiring t o

disturb a | ag : i1t I 'é'ﬂaga'lﬁQﬂF LORS, Y

adopt ed as aglg‘gﬁn ergtltgﬂépregtg,ggy, to ﬁgégﬁgg?%g‘fégbg%é&rcg q@d’?&%&a so of
propagat i on urBqueodime slohtpoeach disssrsthtiog imeachrgrodmadi ng of the system in order
more rapidly to be able to accommodate new cal I's. .If because of this
coarse power step between "holes", a. nobil e has to be allocated to a
"hol e" orf a carrif%r thatimesdivision aRitple dccebdtaliotdmmibitication systéffaasding by
the systematic r_eso-refi‘i n% rocedure that takes place on a sYovver ti mescal e.
Such a cont i RURID $,JYBET OPPREBE=dur e al so handl es the event -of a nobile
call 10 terni nathdgs fbivuRiihg'6ifHeQuéicy cHRelsSmving! @it slolt dridflocated to a

power / propagation:- loss |ist can be noved up,. resuftl ng In the highest .
of three perfhgatiafcei vi ng an internal handover to the next highest
power carrier. This does not however take place all at once

necessarily but gradually. The rate of handovers can be restricted so that (

no nobi | & riecei vetime divisidm westipie aecess tadio donamuniéation el €, say once
per ten seconds..lf a 15 nobile has received.an internal handover or
handof f wi t YRS} ast. ten seconds for exanple, it is not allowed to

be a’candi date fof plaralignefofréquenidy éhahmsls SRiable For@atBmission of R¥MmMAMicatiien t he
strongest of ,three nobiles on the three tineslots on a given carrier

terminates i$¥8%al |, the power of the carr ier -may of cour se be regul at ed
o 1, e 1 o) APABAR G ol 4 ) Bt 2 7 o et
‘a plurality of first stations which transmit and receive communication signals
on the fréquency channels and the time slbts; and
at least one second station comprising:

a pluraiity of transmitters and an antenna system for transmitting

communication signals to the first stations; o
20 - a plurality of receivers for receiving communication signals from the
first stations; - - |

a calling channel transmitter for transit;itﬁng a channel assignment
message to the first stations; | |

a i'andom_ access receiver for receiving a random access message from
25 the first stations and for measuﬁng a quality and a signal strength of the random
access meséage; | ' ' ' '

a station controller for receiving the random access message, random
access message quality, and random access message signal strength fr -m the random
access receiver and for estimating a n;a_nsmitting power necessary to communicate

30  with the first station based on the random access message, random access message
quality, and random access message signal strength; selecting a frequency channel

mrTm



20 Thweo edaeresy- descri bed exenpl ary enbodi nents are i nt pefleshshiegipe

Illustrative in all respects, rather than restrictive, ‘of the present
i nvention, Thus the present i nvention is capable of nmany variations
in detailed inplementation that can be derived fromthe description
contai ned herein by a person skilled in the art. Al such vari ations
and nodifications are considered to be w t#n the scope and spirit of the
25 present invention as defined by the follow ng clains. WO

96/ 07287 having an unallocated time slot for a second station based ‘on the estimated

PCT/ US95/ 10810 ,__ .. ... L . : oo . - =11-

VHAT | S CLAI MECTHSmitting power; composing a chagnel, asgignment mesyaes; #1d; s5nding theo s s

radi o conmuni cathianmel aysigrewent messagetupthe Secogd station via the callingiclinhi¢latanbmittef.

frequency channels for transm ssion of conmunication signals; 5 . a

plurality of time slots on each frequency channel; a plurality

of first stations w.ch tg ﬁnﬁr&iﬁsmﬂamm@hﬁeesmmhﬁmi@ﬂoﬁkg&ﬁ gccording ON
a

t he frequency channels and the tinme slots; and | east one

“second station ‘Wflam Gowheseia the siatios) controligs further comprisasneans Joradiustieg a

to first stati | ' : '
hosi gns ¢ e o1 b TRPoh ARy Shardc PR IPimBUME piefRHEY SnQuilfis fhe
usi ng transmi t testimgtedaequired dtagsmittingpower levehfor theoficst statiem sai d hi ghest

transmtter power |evels. 2. Atime division multiple
access radi o comuni cati.on system accordi ng to claim11, further
conpri sing:10L5 8. Areimiesdivision athltijslé acegsst fadiot@nunidation Bystent ecbidinghe

at | east one second s;ation on ency .channel to_be a m ni num

) each frequ i
pover 1evel nect@<daimo.rwherep rﬁl?ﬁﬁﬁt!?&tq"ﬁﬁ"ﬁ]e‘ é‘“&ﬁcpﬁ' wsrmeans foriallogating 4o they,
that same’frequEREatidhed fiffe slot on a frequency channel transmitting at a power greater than,

but closest to, the estimated 'transmitting power for the first station.

15 9. A time division multiple access radio communication system according
to claim 6, wherein the station controller further comprises means for allocating to the
first station a time slot on a frequency channel having a highest transmitting power
when the estimated transmitting power for the first station is greater than a
transmitting power of every frequency channel. _

20 10. A time division multiple access radio communication systems according
to claim 9, wherein the station controller further comprises means for smoothly
increasing the transmitting power of the frequency channel having the highest
transmitting power to the estimated transmitting power for the first station.

25 11. A time division multiple access radio communication system according
to claim 6, further comprising means for turning off transmitters on frequency
channels having all time slots presently unallocated to a first station.

12.  The time division mulfiple access radio communication system
30 according to claim 6, further comprising means for determining an interference level

[
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3. Atime division nmultiple access radi o comuni cation system accordi ng
20  to cl aiyp deg7dgsr t her conpri sing:

frequency channels having all tine slots presently una cate to a
first station. 4. A time division multiple access radio
conmuni cation system 25 conpr|5|ng a plurality of frequency
channel s avail able for transm ssion of communication si gnal s;

a plurality of tinme slots on each frequpnacy channel; a
plurality of first stations which transmt and receive conmunication
signals 30 incach beallocseditime slot baniecfrequencl tHagndliane asdighing tohe first WO
96/ 07287

nmeans f OrPWﬁﬂsﬂﬁb

PCT/ US95/ 10g8$ion the time slot on the frequency channel having a lowest mterference levelqo.

at |east one second station which sorts the first stations into groups
simlar transmitting power and al l'ocates a unique frequency
to each group and3a  In a timgdiyision:mulEple| ageess sadio commpnisation: systemnai n each

requiring

gr oup.

comuni cati on syste

10

15

20

25

30

S method conr“mﬁng thg

accor to clai mi4,

t bf® di vision mul tipl e access radio

further corrprl Si ng:

assigning time slots on a same frequency channel to remote stations requiring

similar transmitting power, and

assigning time slots on different frequency channels to remote stations

requiring dissimilar transmitting power..

14.  The method for assigning time' slots of claim 13, further comprising the

step of:

choosing a transmitting power for each frequency channel to be the minimum

power needed to communicate with each remote station 'using that channel.

15.  The method for assigning time slots of claim 1'4_, further comprising the

step of:

tur:ag off frequencies having no time slots pr_eséntly allocated.

16.  The method according to claim 13 further comprié_ing the step of:

turning off frequencies having no time slots presently allocated.

17. The niethod according to claim 13 further comprising the step of:
assigning a unique frequency to each group of remote stations with similar

power needs.

18. A method for assigning time slots and frequencies in a radio

commumcatlon system comprising the steps of:

grouping together a first plurality of remote stations havmg a hlghest requu'ed

ummmmmonpOWﬂ;
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méans for turni Wb stforzdh equency channel's having all time slots pdhdessssisd

to a first station. 10 6. Atime division multiple
agcess radi o communi cation system conpri si ng: a
plurality of frequency channels available for transm ssion of comunication
si gnal s; a plurality of tinme slots on each frequency channel;
15 a plurality of first stations wskch transmt and receive
comuni cati on signals on the frequency channels and the tine slots;
and at | gragiingiogéthercosedomt pluradity obreatotes stiatipns each of which has a

comuni cation sidl TSl : . .
plurality of recei verslofdting le@6hCdfValdOfiROPNEANYE Of refibte stakiks 3o htid8 $i6on a first

aplurality of ‘RIPL LSS AN a0 Snlenna SySkel ol MLARSTALhDY saons

first stations; a calling channel transmtter for
transmitting a cFeayeERay; 884 gnnent message to the first stations;

a random acc@ss r eceiay|8éating eadhCoioaidl $36orid feRiOfOM RIS §5 1 Gtn 4 E&B%;]d%

the first stations and for neasuring a quality and a-signal strength of the
random acdeequerpyssage; a station controller for
recei ving the random access nessage, random access- nessage. quality,
and random access nessage signal strength frOMthe random access

recei ver and for estil9ati Mhe methodrofreldimi 18y fyrchee comprising die)stdpoofc onmuni cat e
30 with the first statign based, gn the random access pessage,, rgndom
access message [Fnsiting on,said a’é?ﬁ g‘&ﬂ‘l‘“&ﬁ% é%@“ﬁggﬁ 53%‘“53 SAwer ley ?lé%% Jeid:
sel ecting a jor ecrusnsidratitipéf@mote stations, WO 96/ 07287 '

PCT/ US95110810 _

20. The method of claim 18, further comprising the step of:
transmitting on said second frequency at a highest required power level of said
second plurality of remote stations. '
15 _
21.  The method of claim 18, further comprising the step of:
continuing to group additional remote stations based on their relative
transmission power requirements.

20 22.  The method of claim 18, further comprising the step of:
| turning off frequencies which have no remote stations allocated thereto.

23.  The method of claim 18, wherein said steps of allocating further
comprise the step of: |
25 . allocating a time slot in said frequencies based on anticipated interference.

24. A method of optimizing the allocation of time slots and frequencies for
supporting two-way radio communication between a base station and a plurality of

remote stations comprising:

LT TLD



-13- havi ng an unal | ocated tinme slot for a second station based on
the esti nat transmtting power; conposing a channel

nessage; §gggﬂ%?%g t he channel assignment nessage tgéﬁﬁgggggond
station V|a the.calling channel transmtter. 5 . Atinme
di vision multiple access radi o communi cation- systen1accord|ng to
claim6, wherein the station controller further conprises neans for
adjusting a power level on a frequgucy channel having all tine slots
presently unallocated. to the - estimated required transmtting power

|evel for the fir Ssrenéiﬁg‘%rﬁﬂlands fhin said base statidh to. sadireHof?stéuo\‘xk %ngé quitiple
access radi o communication system accordin alm 6, wherein the

station cont rkighesrorflowerHeansmission ipower levelio ordar ta|maintainiadgsired signal quality =
first station asafd'tﬁ? §% 5,1 on a frequency channel transmtting at a power
greater than, % osest to, the estimated transmtting power for
the first station. contxﬂxﬁnusly esumatmg ;mh loss Beteere eath\of saidiremotet stpions and: eaids

radio co n| catlo m accor g%alr to.claim

controll e atsﬁé‘ia QB JeGRivaf s‘%?ﬂ?'&c’é‘filcﬁﬁ"‘fa&g%@we" evely i 1 st
station a tl e sl Qbrtiiy Rid fefidteiaions Radvidihg i vdid gath 104s0/aRRS irith AR Diderdd NY

power when the estimated transmtting power for the first station is

greater than Bsttand  transnitting power of  every frequency channel. 20

wher |n the station °

10. ~ A tine divi %]BEH]H@héxglmo?iné%ﬂéé sﬁﬁglpﬁnu%'t&ﬁ&é e 368 &Fﬁ:e%?xg?r di ng

'to claim9, whereit e station contro conprises nmeans

snoot hly frequencyeasi ng the transmtting power of the frequency channel

havi ng t hi ghest transmtting power to the estinmated transnmtting
power forthe first station. 25 11. Atime division multiple

access radi o commgsi, catThermethed sovoniigwocsiaim 24 in whith saill dase datichusesher
conpri sing nmeans foy turning off_transnjtters f nc channels
having al | t i FRnsEysston %8&@%" freaueney. n%?'e’ﬁ g’D fh"gﬁ ﬁ"&‘?&tﬁm“

that frequency havmg the highest path loss value.

15 + 26. - . The method according to claim 24 in which dummy remote stations are
inserted at intervals in said list in order to create a free tlmeslot/frequency
combination for accepting new calls

27.  The method according to claim 25 in which said transmission power is
20  adjusted downwards upon termination of communication with the remote station
having the highest path loss.

I 0
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17. The tinme @owshten nultiple access radi o comunication sygcewssiihos1o
according to claim®6, further conprising ml=a25 for determ ning an
inferference |evel WO 96/ 072871 : )
PCT/ US95/ 10810 - -14-
in each unallocated tine slot on-ttre—freggency channel and assigmTmg—ty the
first station the tine slot on the flrequency channel having a | ojest .
interference |evel. W 13. I a time divistomnottiphe acdess
radi o comuni cati on syst a 52 nmgt hod {conpri si ng 1Lhe 'st'@os of :
assigning tine slots on %S me trequéncy dhannel to renote Btations
requiring simlar -t lpower{, and asstgni ngHtime
slots on different freq y C «.0 rlenote statigns SN reduw.ring
di ssinilar transrﬁttinggg < 12 $he method rd
assigning tine slots of %I ai t her |conpri sing 1 :
choosing a transmtting power fQ h frdgquency chanfel to~be thg m nijnum
power needed to conmuni cate w tg? ) rendt e station gsing hat cHannel|. 15

15. The nethod for assigning ™ | ot s jof cl ai m 14, risifng
t he step of: }
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t ur ni ng of f freowensemsr having no tine sl ot s pr esent|y al |l ocat eBCT/US92/00810-
16. The nmet hod according to claim13 fur 4 conprising the step of:
turning off frequencies having no tine sIo S presently allocated.

17. The net hod according to urther conprising the.step of:
assigning a unique frequency to each greup of renote stations with sijm | ar
25 power needs. 18. met hod for assigning tine sliots

of : grouping togetherja fifgst plurality of renote s$tatigns
having a hi ghest required 30 trangm ssifon power; WO 96/ 07287
PCT/ US95/ 10810 S -15-
groupi ng together a second pIuraf“ E%of renote stations each df E@icr has a
| ower required transm ssion powers n gny of said first pluraPi|ty of
renote stations; al l otating each of said first pluﬂalitx of
renote stations to a tine slot on firgt frequency; and {5
al l ocating each of said second rempte sfations to a time slot of a sdcond
frequency. _

and frequencies in a radio rT'{rmuncaton systen1conpr|5|n§ t he |st eps
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The met hogo@kpRkai m 18, further conpri si ng the step of: pcrusesiosio

transmtting on said first frequency at a3h}v%1est requi red power |evel of

said 10 - first plurality of renote stations. 20. The
met hod of claim 18, further cesp+streqthe step of:
transmtting on said second frequency &t a highest required power |evel of
sai d second plurality of renpote $tations. 15 21. he
met hod of claim 18, further conprfsingjthe step of: : bont i pui ng
to group additional renote stations baged on their relative
transm ssi on power requirenents. 20 22. The nethod ¢f cl &im
18, further conprising the step, of : turning off freqiienci ¢s
whi ch have no renote stations a teg t hereto. 2. he.
nmet hod of claim 18, wherein sai "[“e'ps of allocating further S| compri se
the step of: 25 al locatjng ajtime slot in said frequencifes based
on anticipated interference. 24. A net hod of optim zing
the allocation of tinme slots and requénci es for supporting tvvo-\Jvay
radi o comuni cati on between a base stafion and a plurality of Tenote
stations conpri sing: WO 96/ 0787
PCT/ US95/ 10810
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- 16- wo odiFRé¥ Ng conmands from said base station to SpdgudeSidRiE
stations to use a hi gher or |ower transm ssion power |evel 1 n order

tQ maintain a desired signal quality 4 / 4t said base station;
continuously estimting path | oss between each of said renote stations and-
said 5  base station based on received signal strength and comranded

power | evel; sorting said renote stations according to said
path | oss values into an ordered list; and gr oupi ng

nei ghboring renote stations in said list to use tinme slots on the sanme
frequency. 10 25. The net hod according to claim?24 in which
sai d base station uses a transm ssi on power on each frequency that is -
sufficient for the renote station using that frequency Baving the

hi ghest path | oss val ue. 15 26. The net hod according to claim
24 in which dummy renote stations are inserted at interMals in said
list in order to create a free tineslot/frequency conbijdat i on for

accepting new calls. 27. The net hod according to claim?25
in which said transm ssion power is 20 adj ust ed downward
term nation of comunication with the rempte station

hi ghest path | oss.
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