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Multiband mobile telephone system 

' 
Th~ i~vention relates to a cellular mobile tele-

phone network with at "least two frequency bands and in 

which at least some mobile stations may use whichever fre­

quency band for communication, and in which the controi 

channel associated with a traffic channel may be.dedicated 

. so· that the network may send control information 

individually to the mobile station. 

According to the standard, ~ .-g.. a frequency band · · 

in a GSM mobile communications network comprise.a two sub-
. . . 

bands 25 MHz wide ea:ch, with frequency range~ 890:--915. MHz 

in.the uplink direction, i.e. from the mobile station to . . . . . 

the base station, and 935-960 MHz in the doWI1link direc-

15 tion, · i.e. from the base station· to the mobile . station. · 

While the GSM network specification ~as . being drawn· up, 

another band. with a higher frequency was also included 

ther~in. It comprises 75 MHz sub-bands, with a frequency 

range 1710-178S MHz in the uplink direction and 1805-1880 

· 20 ·MHz in the downlink direction.. The system operating in the 

25 :. 

35 

1800 MHz fr~qU.ency range is. called t;he Des· system .<DCS, 

·oigital Cellular System) and its specification is a· part 

of. the GSM specificatio~. Propagati.on properties of ~~dio 
waves.of the bands are different: on DCS freqUencies free . . 

space. attenuation is greater than on !lSM frequencies~·. A 
. . . 
natural cause of this is ·that GSM frequencies are well 

suiteQ. ·for covering an extensive cell, ·whereas· DCS fre­

quencies are suited for covering small cells. 
Except for tl;le fr~quency differences, the· systems 

are essentially similar,. e.g. the air interface is the 

·same. ·Even at present, the GSM network is in some coun­

tries, especially in urban areas with high·traffic dens­

ity, on the upper limits of its capacity, and he.nee the 

GSM band frequencies available to the operator are no 

longer sufficien:. to ensure sezYica to all subscribers. 

r 
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:Channel ~apacity.h~s bee~ increased by sp~eading ~he fre-

. quericy ban4, so-cailed. extended-GSM~ ·but. decisively· more· 

·capacity wil~ ·.be obtained by taking into· use another ·fre­

quency 'band, ·i.e. · tra:p.s·:f er to· ·mui~iband: operati·on:. · This 

5 . . provides additional capacity ·to .sites· with. high traffic· 
. . . . 

' ) 
density where the·· GSM ·band :frequencies available to the 

operator no' longer. suffice to ensure service to.all su~­

scrib~~s. 

· . · Both GSM and DCS frequency bands may be used 

.10 ei~her in separat~ ·nf!!~~or.ks or as a· coiJil:>ined network under 

c9mmon · n~twork control. In the. latter case,. mobile st~- · .. . . . . . .. . . 

. · 15 
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25 
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.35 . 

. . ti~ns able to· operate on 'b9th frequertcy ·band·s. may be used. · 

. : suc;h mobile· .. stat·19ns · are: 'call~d· . m~lt.ib~nd ·mobile ter­

minals. -Multiband mobile· te·rminals ·are of two· types." . . . . . . . 

. . A m0bile · termi~al. of t:.:t:ie f"irst· ty:pe meets the re-

... quiremerits specified for both bands ~nd ·may.thus ·operate 
. e· .. g. on ei.th~r a GsM or ~ DCS ·band. by registering .into the 

. respective net~ork. : Thi·s t~e of m~bile st~tion. does ~ot, 
. howeve·r, .. ~~pp~rt han~ve~. be'twe~n · ·bands of · operation·, 

: . . . . . . .. . 
. ·channel· assl;.gntl\ent, · :c'e.ll. selecti'on or .cell re-selection· 

between .the ·b~ds. of _op~ratio~. ·The mobil~ 'station does 
. . .· . . . . . . . . . 

not ~here~or~ require any network.~~pport .t~ ~ork on more 

tha~ one band,. ·an(i "it uses the· ch~nnels of. that ··particular . . : . . 
band only. 

·A mobile teradn~i of the· second type.con~in~ously 

·.·uses .t~e. channels of' both bari~s·, ·an~ hence riot only. meets 

· the reciuiremerits Sp.ecif ied. f Or . bo.th b~~dS I· but SOme addi-. 

. tional r~~ire~ents~. too.-· The ad~t:i.onal f~a~u~es· ·compared 
. . . . . . . . : . . . . 

witn a mobil~ s_tati~h'. of t~e .first· ·type·. aZ:e that it is. · 

. . 

. able ·to perfo:i::m h~ndover, channel ~ssignment, c~ll selec­

ti.c:>n ·and ceil re-selection betweeri. .th~ b~ds .. of operation .. 

Thus, ~he. network has to : support thege .operat.ions. 

In .this applicat~on. a· ·~ase · w:i:.1.1 · ·be de~cril::ied. 

where the . network. supports. mobil~ stati9ns' . of t~e second 

.type., i.e .. te~e:phones that ·are 'abl"e .to .. opera'~e· on both 

• 

• 
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bands. The .coverage areas of both GSM and DCS networks are 
at least partially overlapping. 

A feature typical of a multiband·mobile terminal 
of the second type, .later referred to as a multiband mo~ 
bi~e stat.ion; is the above mentioned capability for hand-

. ·over. from a. frequency banci to another. A criterion for· 
·handover may ~e better audibility on ·a. channel 9f ·another 
band or the tendency of the network to decreas~ the traf- ... 
fi~· .ioad on a certain band. I:q. ·order to be ·able to perf~rm 
handover ~ell,·· a mul tiband mol;>il'e station must be able to 
measure also frequencies of an adjacent·band a~d send the 
measurement results to the network. 

According to. the GSM specification, . a ·traffic 
channel TCH, which may be f~ll.rat~ TCH/F, half rate TCH/H 

~5. or still slower TCH/8, is al~ays assign~d together·with a. 
slow assocdated control cha:nnel · SACCH. · In· accordan~e ·with 
GSM terminology, a ·slow TCH/8 channel w:f:,th its a~socia~ed 

··sACCH channel is ·called an · SDCCH channel (St!indaloiie 
Oedica.ted Contr~l Channel) . The control chaiµiel .. i~ in a 

20 way "inside" the tra~f.ic <;:hannel: e.g. the multifr~me Of a 
·full rate traffic c~nnel c~rises time~lots. of the ·same 
. timeslot number of 26 successive frames.· A cyc::le of 2.6 
timeslo.ts comprises 24 timeslots' in which a TCH burst · (a 

.. 25 

·~ . ' speech ·burst) ·is sent, one times~ot in which an SACCJ:i 
burst is sent, and.one timeslot in which nothing i~'sent. 
.A mobile station uses the . slow ·sACOH control channel. to 

. tran.smit various measurement· results .to· the base station· .. 
The base station sends commands associated with power con-. 
trol and. timing advance on the control. cha~el to ·the 

30 mobile station. In addition, the base station sends gen-· 

35 . 

eral information associated with the network, . so-called 
system_info. mes~ages, e.g. syste~_info s arid .. Sbis. This 
information contains a 'list.of ·adfacent cell.frequencies 
~o .be monitored, a ·base station identifier B.SIC, BCCH fre­
quency in~ormation, parameters a~sociatedw~th controlling 

,.~. 
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a disturbance in a radio connection;.· e.tc. According to the 
present ~pecifi~ation, system.:.._i~fos· ·2/s and ·2bis/~bis in­

.form· a mobile station of the · adjac::ent· cell" _frequencies. 

'rhe in~ormat~on is an ~ndex group·,.· ;i.n· ~hich each index 
corresp6nd~ .to:a certain·frequenci; The· index ·group also 

indicates·to which·band a frequency belongs, as the group 

·~y · ~ontai~ fr~quencies on ~o~h .,GSM ~d ·ocs bands. tt 

s~ould-be noted that according to present t~chriology, the 
sy~t~m. inf9s···s~nt .·on ·the. SACCH ~hannei are .c:i'RX..:specific, 

i.~. ~~t: ~all-~pecific, ·and the netw~rk ·"may ·change the 

·sy$tem -i~~os TltjC-·speci.fically by an'·sACCH _Fi~ling ·?nes~age. 
Ali amendment specifying the tri:lnsmisi:iion · of. SACCH. Systein 

. Info.cail~specifically·has·been augge~ted ~s· a· common en­

hancemerit to .the present GSM ·spec~fication 08,. SB. · 
. . . . 

The ·mobi~e station.and the base st~;ion have to 

meas'1_re the ~trength of the ·recei~ed signal and, in adC!,i- · 
tion, . the m.obile -. station must measure the ~trength of the 
BCcH car;ier -wave oi: the a:dj~c.ent b~se sta~ions .. given ·on 

. the ~~~t of ."adjacent base· static;:i~s to be' monitored '.r~­
. ·ceived ·from ·.the network·. According. ·to ·the· present GsM· 
· sp~cific~t'ion:,.- ·the m~bile ~tation reports ~.n 'the six. ·adj a­

. ~ent ·c~lls· haying: th~· b~st au~ibil°ity. The quality of a 

.. r~ceived· .:signal is m~asured ·by' calculating the bit error 
. . . ~ . . . . . 

ratio~= A .mobile· station· must report its mea·su_rement. res-. . . . 
_ ults'to it~ own base station. In the GSM system it reports 
" ~hem. on ~ sl.ow . ~ontrol . channel .SACCH. If the SACCH. c;hcln~el 

. is ··not : used -f~r ~Y ot~er P~rPose than reporting, . the 
. .. . .. . 

mobile :.station may ':i::eport' the.' measurement results 'twice a 
. . . . . . . " . 

second.~ In. th~ -~SM ·system; a ·measuring and reporting cycle 
co~p~ises ~our .multifra~es "{1 ~ultiframe equals 26 .traf.fic 

. ·frames}°, and so the results are transmit't~d.: at intervals 
of ·480 ms. ·· 

The network uses the measurement results for.the 
power. control of .. not only ·its own transmitter but ·also 

. . . 
·.that of the.mobile· station, f~r·giving timing advance.to 

• 

• 

•: 
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the .mobile station and for handover purposes .. First,.· 
handover criteria include deterioration in the quality of 
the radio connection between th~ base station .and the mo­
bile stati~n, ··indicated by an increasing .bit error rat·io,. 
·second_ly,. information r~cei ved ·from the mo~ito~ing of the· 

· adj~cent. base stations stating that· the r~d:i.o path ~o .·a· 
·neighbour.is better than that to the present base station~ 
. ancf thi.;r;.dly, traffic load calculat~d by the n~twork, in-. . . 
"dicating that it would be advantageous to transf~r.traffic : . . . . . . . 

10 to another base station ·from the presently· e~tremely 

20 . 

loaded base station.· · 
The use of a combined network with a plu~ality of 

frequency ranges involves problems with frequency meas­
~ring that do not exist in single frequency b~d networks. 

A special probl~m is associated with situat_ions 
when within.t~e range of audibility of ·at least two bands, 

.only the frequencies of the curr~nt.band.of operation ar~. 
better ·au,dible, or ·when the _frequencies of an' ·adjacent 
band are better audible than ·those· .of the current band of · 
operatio~. Let us view the first case in ~he GSM·and·ncs 

. ·systems as an example: When ·a multiband mobile station re·­
ports on "the. six .strongest ~djacent cells, th~ :r;e~ult. may . . . . . ': . 
be that the ~ase stations of all these·~~jaeent cells send· 
on frequencies of the same, -current band of" operation. If 

25 the. netwo~k wishes to decrease the tr~ffic. load of a band 

35 

. . 
by trm.isferring the traffic of a mobile station to another· . . . 

' . 
band, handover between bands would be imi;>ossible in this 

.case, ~s the netwo~k has no knowledge of :the ·channels of 
th~ other band. ·Regarding. the DCS band,_ thi~ is not neces­
sari~~- a _major dra'"1back_ as "more frequencies . are in use 
than on a GSM. band. According to the above,: the problem is 
.that the network should alw~ys receive mea~urement results . 
from both bands when the frequencie·s of .. the ·bands are 
audible. 

As a solution to "the .proble~ it "has been sug""'.' 
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gested that a mobile sta~ion would report on at least one 

. freqiiency of. "the other b~nd "that it has measured~ .p~ef.er-
. . . . 

ably the best audible frequency. However, ~t has· not been 

~~op~sed how.~he network could i~·~ve~ p~s~ible ~ituation 
influence the nutiiber of. frequencies to b~ repor1;:..ed ·of· the· 

~th~r fr.eqqency ban~. . . 
·Another suggested solution, ·completnent:-ary to the 

. . •.· . . 
abo~e< is tl_lat .the contents of -~he information. messages 

·10. 

sy$tem· info .s·. and Sbis, transmitted on tlie SACCH channel 

. ~nd ~own from.: the" · GSM ·network, : ·are. · ch~sen . so as to 

ach~eve:a cnide"~djust:m~nt of th~ ·number of.fre9U~nci~s to 

be reported of the· a:dj ac~nt band~ ... :The . netwo.rk could, for 

: example omit from the information lliessages the frequencies 

15 

th~t are on th~ s~m~ :band. on which". "the mobi.ie s~atioli . is 

operating : ~t· that tim~ ~·: ·Ii'1 this w~y ~ by .~sing handover, 

.. t~e ne~work c~uld _f~r~e the mobile station to move.~o ~n­
.. _o~her· ba°:d. ~ ,.draw:~a:k c:>f thi~ .s~~utio~ .is t_hat it ·d~es 

not a~lo~ flexible adJustment of the·n~mber of frequencies 
.. . .. 

. ·.to.be reported of the· ad~acent band, as upon ·giving the 

20 .;info~tion ·mss_sage,. "tJ?.e. ·network cannot. kn~w which •fre_- . 

q\ienci.es are· best audible to the mobile sta·tion: Thus, the 

·. p~bposed: ~ol~tion iE! applic~ble to . one . "s~ecial c~s~ . only~ 
. Ih. addition, · .it.. ~~t be .conside~ed. that . a 

.suffi~ient·number of.fr~quencies from both bands might be 
.2s . . ·p1ac~d: for· .:h.a::ridover i~. the greup ·of tlie s.ix best audible 

fr·e~~~ci~.s. ~eported l;>y the ·mobile. station· accior4ing ~o 
the. presen~· spe~·ification. ··In this ·c~se ·.no· special meas- : 

.. urea·. are needed. to gain f:r;equency info~tion. from both 

bands. such a situation is~ however,· a special case. 
. ·. . . •. . . 

·30 .. ·. T~e international pat6I'l:t application PCT-94/05130 
. . . 

disclose~.~ ·method of rearranging ch_ailnels. The method· is 

applied . tc;; . a . ceilular "system . wi.th ·two . or. ~ore ch~nel 
. . . ·.groups· ... The· . f i°r.st channei group nia.y 

0

incl~de TOMA channels 

. · and· the E:!~Cof'.ld. channei ·group C~MA .channels~ A mu~ti-mbde. 

35 .. telephOne can _operate in both syst~m~. When. ~etting u~ a 
.. 

.. 

.. 

., 
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call, the network determines the current capacity of both 
~roups. A multi-mode ~elephone is assi$'11ed a traffic cha~­
nel .on the frequency o~ the group with the highest capa­
city. A multi-mode.teleph~e operating on.th~ frequency of. 

5 another channel group may also be handed over from one 
gro~p to .another, .. i.e. handover is .i;>erformed. and thus. free 
group· frequencies for single":'mode telephones. J.\. '.mobile 
station may_be handed over to a channel·~ith the 'least in­
terf·erenoe or it· may. be handed over to a raµdomly. chosen 

10 · free channel in another group ... 
In accordance with this PCT applicatiQn, ·the net­

work ~erforms a1i handover~associated operations. The ap~ 
pl°ication does not state which measurements· the multi-mode 
mobile . stat.ion may pe'rf~rm,. or which op~rations ~:i;e re-

15 quired thereof for. succ·essful :handover. · · 

25 

. 30 

·35 

. . The ai~'"''~f this in:rent.~9;i:i is a ~ob:Lle_ ~om~unic·a- · 
tion system using' two or more f:i::-~qu.ency ranges without th~ 

·above drawbacks .. A prerequ.isite for a mobile .. communica­
. t'ions system tq :· ~hich the ·invention is ·applied is that . 
call-specific control information· can be ·sent. Thus the . . . . 

.. aim is a system that will allow reception of information ... . . ~ . 
·needed for handover between bands from: both bands, ~d . . . 

. especially a system that will allow a flexible change in . . . . . . . 
the number o~ fr~quencies.to be mo~~tored during the con-

. nection. The· systetrt must ·allow fl~~less operation ·of mo­
bile ~t.atlons op~~ting· ·on one k{~~~. and mobile stations 
operating :on two .. ;l;>~1;lds but in~ap~li~ of hando~er ther~be·­
tween. Thus· a fS:~~tirable enviro.t is th~ . ~SM system 
where the bands ~~be. a· 900 MHz rJj,~~ band and a 1_80 o · ~z 
range .band define~:'Jn the GSM spe4~~icati?ns. The air ~n­
teZ:face conforms ~$'.~the .GSM system\:~G,a cali-.spec~fi~ SACCH 

. information is se·. . as described\Ytr.i a proposal f~r an 
amen~ment ·to GSM ... ,cificatio~ 08 ~:~~:'{ 

This goa],:;;";;,;;ls ·achieved wit~f'..'.#he method of the in­
vention, ~hich is? 1i'_~haracterized i~t~-~l;lat · the network in-
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forms the mobile station for at le~st one·band outside the 
.. current band of operation of· the minimum number of· fre~-
que~cy .~easu~e.m~~t· resi:ilts that the mo~ile ·.stat.ion sho~ld ~ 

5 

·10 

15 

.. 20 

inform in the measureme~t ~eport .. ··The .number data ·may also 
be absolute,· .so that the measurement" rep~rt should. contain 

. e~ctl~· the. number· of frequen"cies. given the.rein. 
. . . . . . ~ 

Having performed the. ·meaSUrementj:I I . ."the mobile 
station places in the. me~surement ·r~po;t a numb~~ ·of meas­

u~ement ies~lts, given in the nu~er -da·ta, fo~ the :Ere­
. quenc~es· ·with .~he highest audibility f~~m at ·least ·one. 

band. ou~side the current band ·o~· operation. Measurement 

·.results for the ~recjuenci~s· w~~h-th~ highest audibility o~ 
.the current.hand of operation· are ·plac~d in.the remainin~ 
. spade in the measurement·· report. ·If the measurement res-. . . . . . 
ults of t;.he. current• band of: ope~ation. are . fewer th~ the 

z:emaini.ng spa~~, ·.mor~ measurement resuits for. frequencies 
<?.Utside . the cuZ.re:rit· ~band of operation are placed . in . the 

remaining space. · 
When the inventi.on is appl.ied ·to the GSM system, 

.the network·· ~ends· on a·· control channel · $ACcH as·sociated 

with the traff~c .. ch~el to. the mobile ·s,.:atio~ not only 
···information. on the· -freqtienci~s of· the· ·othe.r band .. to b~ 

monitored,· but .also call-specific .. inforination· o:i:i how many . . . . . . 
·. monitored adjacent. ·ban~ freQ1.1enci~~ the ·mobile ·station 

.2 s .sho_uid. repo_rt ... Me.asurement ?.'.esul ts c;>f th,e adjacent band 

frequ~ncies hav~· to be sent :irrespective· of.how well" the 
· mc;>~i.tored .frequencies. are .audible ·~ompared with :the. fre­

queneies -of ·the s~rving ··banci. . The . t~lephone : attempts to 

i~c-lud~ in -.it~ ~easur~~~nt ~ep~rt a n~mbe; ·o·f · adjacen~ 
3 o ·p~d · f rec;iuencies ·given by· the n~twork. . However, if the 

nuniber of ·s~fficie~tly well audible adjac~nt band fre-. . . . . 

35 

. : · quenci~S is less than the number . ·gi Ven· by the network I 
fe~a"r -adjacent ~and freqUencies m~y. be_· included i~ the 

meas~rement :repo~. The s.ame .is tr'ue ·i,~ ·t~e frequencies o·f 
t~e serving band are not ·audible, in which case the tele-

. I 
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.phone may include in the meas~rement report more .adjacent 
banq frequencies than_ the number g.i ven . by the network .. 

_The number_of adjacen~ band frequencies to.be re­
. . ported is not cons~ant,. but ~he network 'may change ~ t as . s · needed.· The number is affected by, e.g .. the current traf­

:e~c de~sity of the .network both' on the serving· and .on the . . . 

10 

15 

20. 

adj~cent .bands~ time"pf ~ay, or a corresponding ~antlty. 
The.number also sets a limi~ on the minimum·numl?er of fre-:­

. que~cies of the serving band t~. be reported when· they a~e 
·sufficiently audible. 

In the following the invention'will·be described 
. in grec;a.ter detail by means of a preferred embodiment ·of ... 
GSM/DSC mult~band operation with reference to the acco~­
panyin~ d~awings, in which .. 

.. . Figu~e l shows a . siinplif ied, known s:igna~li~g 
diagram including data transmission in accordance with the . . ' invention·, 

Figure 2 shows.the contents of ·a·sys~info-~od~fy 
messag~ and 

. Figure·· 3 ·s~ws the . contents of · a· ·system....;Info 
5~is/ter m~ssage. · 

Let·it be assumed that at the initial"stci:ge·a mo­
b_;le station:is regis~ere~ in a network and.is idle.' Whe~ 
the mobiie station has been assigned a traffic channel, . \ . . 25 after it responded to·a.paging message (inobile termi~ted. . . . call) o~ requested a traffic channel" (mobile originated 
call), a c~ll-specific control channel SACCH for.signal­
ling .is also connected with the assigned traffic channel 
TCH _or SDCCH, as is described in a ·proposal for an amend-

30 ment to_.GSM specification 08.58~ The !ftobile station moves 
·from .idle mode to siglialling on a ·call-specific control 
channel. 

35 

Reference· is ·made to Pig l, showing known mess­
ag~s when a call-specific control channel is used. Th~ mo­
bile station informs the network of its ability to support 

j 
'.I: ... ,_.- ,, 
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··mU:ltib~nd operation.by· sending· e.g. a "Classmark· Ch~nge" 
~essage. This·. known· me'ssage includes ·information · CM3 

(Classmark.Information 3). containing multiband information 
. . . . 

associated· with the.mobile .station. Having received the 

~bove. me.ss.a~e~ the bas~ ~tati·o.~ c9~troller. BSC d~cid~s :to 
,send on. a· ·c~ll-specific. SA<;:ICH chann~l SACCH. info~ation 

tailo:t".~~ ·for· 'this particular :mobil~ ~tation., · by using. an 
'sACcB. Info Modify'. message known pe~. se. The' ·message con-

· - ' . 

tain~ a·Syst~m_Infos·message 'to be· sent to. th~ mob~le sta-
tion., and system_·rnfoSbiS' ·and System~Il'.lfoSter: messages, . 

·which are. se~t'. optionaliy .. · ·system~!n:Eos is .,always ·s~nt on 

·:an .. SAC~ _;:hanne1,· .if. :n~eded1· syst~m~In·foSbis~ and ·Sys-

. tem_I'nfoSter may additi~n~lly be· sent ·~O. a mult.i.~and mo• 
bile s~ati·on. · · 

In accordance with the ·iriventio~, it is ·advant-. . 

age9us to ··include in this System ·ID.foster message, known 

per .~e,. information ~out ~hich ~dj~·cent b~J;ld 'fr~que~.cia's 
t'he mobile ... station has· "co monitor ~nd ·how m~y .frequencies 
have .t<:? be· reported t~ . the. netwo~k ·. · .. The. mess~ge. d~es ~ot 

.20 have to:i;>~ sent if the locat.ion cell' of the mob~le station 

has no adja~e~t cells' from anoth~r Qand. ~he ~essage 'may 

. also. i~~·lude frequen~i~s .fro~ the' :durr.ent .· ~d ~f ope~a-. 
tion.. ·~ut : .it. is preferab~e ·to place· t~e ·frequency nion­

. ito~i~g.· ·irifc)rmation· on ~his.: band" in tl~e· m~ssaSJes Sys-

:.25 t;eni_Info~ or .. syst~m_I.nfoSbis ~· 

30 

35 

'The number data sent in the· System Info5ter·mess­
age may. alte~atively .be ··sent later. ~ftel:'. -the. abov~. Sys­

t~m-Inf o .. ~e~·~ag,es have: been s.ent I . the· mobile : t~lephoi;ie ex.:. 
'change reqUir~s -in a· message .''AsSi~inent. R~quest I of th~ .. 
·BSC CBa~.e.· ··stat:iori'. controlle:i) · .. t~t it·. activates. ·a· radio 

chann~:{ and ·~s: .a: respo~se. :to th~ ·m~~sage .the ·base .stat~oz:i 
'controlle:r; .. send~. a" I Cha~el A~t.ivati?n·,· me~sage to t;he 
pa·se .· ~tatiqn· ·BTS •. The ·information· element 'SACCH. Info' 

p·r~sented i;rf .the proposed ·amendment~ t:o th~ GSM .sp~cifi~a­
tions may··~ .included ·in· the ·activation. message~ If this 

.. 
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·elemerit has been added to the message, the System_Inf~ 
message in the e+.ement replaces the _corresponding earlier . 
message and it is used while the traffic che1:nnel is 
_maintained. ·If "the SACCH info~tion needs to be change:d 
during t_he· communication, the know $JACCH Info_Modify 
message. is used. If n~eded, a list of the adj.ace??-t band 
frequen~ies to be monitored and the number of.freque~cies 
to be reported is · changed in a_ System~InfoSter. ~ess.age 
included in thi.s message. 

10 According to the i~vention, ~ta ·may ·be· trans-
. mitted to a mobile station in at least .three differ·ent 
ways, .that is, in the stages shown ~n Fig 1, ··presented by 
the circled .. numbers l, 2 and 3. 

· · · . .· In the: ·above, functions associated with channel · 
~5 assi9nm~nt have been pr~~ented. The "SACCH ch~nel _may be 

tailored even after handover:· In. handovers . controlled by 
the base station controller BSC, the ~ame base station·to 
who~. the Assignment Request message. wa~ addressed also ac..: ·· · 
.tivates the new traffic channel and tailors the ~Ac~: by, 

· 20 me.ans ·of e.g. a Channel Activation message or an SAC.CH. 
Mode_M~dify message~ In handovers cont~olled by the :mobile 

.·telephone exchange, a CM3 (Classmark I~forination 3} may b~ 
. inc;tuded . in a 'Handover· RE!quest' message~ kno~ per se, · 
which the mobile telephone.~xchange sends to the base sta-

25 tion controller . to whose control. the mobile · st;.ation i·s 
transferred. Thereafter . the . base ~tation COf:ltroller may 

35 

. . 
include a SACCH_Info field in the Channel Activation ~ess~ 
·age ~r ·it may activat·e the channel. first and ~hange the 
contents of SACCH by an SACCH I~fo~Modify message. ' 

Fig 2 shows . the fields of a known d~dica~ed 
· .. -SACCH_Info_Modify message.· The fields ;_message sep~rator', 

1 signal type' , ' channel number' and 'System I~f o type' are 
obligatory, wher~as the f ieid containing actual" ·sys-. 
tem_info and the field 'start time'·. are :Qptional. The· 
latter field states when the next ·.data transmission starts · 

.::·: 
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. . and wnen it. ··ends. 

Fig 3 shows the contents .of a .possibie . Sys­
tem_Inf9~tion Stg message with space for data .transmis-: 

. sion ·~ccording to the invention.·· The mess~ge. includ~s a 
.. f ieid '~xtenqed BCCH frt?~ency. list'' . and. the· list c.ontains . 

t~e .. indices of ~he. 'f:c:equencies that the mobile station has 

·to.mo~itor. The frequencie~ ·given .~n the. ~ist may be fre­
quencies of b9th ·a ·GsM. ~nd a ·ncs band;. · The mes sag~ also 

co~rises a half .octet long· fieid 'numl:;>er of fre~encies 
10 ·.of aµ· adj.acent. ~~nd to be. repo:i:-ted', .where the. bits ·con- .· 

. ... 15 

... 20 

25: 

30' 

troi+.i~g· 'the. r~porti~g -~f th:e m~ile station'. in a way de­

~cribed below·· az:e. plac~d. Th.is fi~ld replaces the field· 
.• ' I • 

I skip indicator' . in the known. St~r message·.. . 

.F?r·example tw~ bits may be ~s~d to pr~sent four 
:alternatives: bi.~s QO .state ·that ~~ong six·· freq\ienci~s to 
be· reported must be. '1. adjacent ·band. f~equency;. bits .'01 

require ::that 2 adj ~cerit: band .fr~~enei.es. ·. ar~ rep~rted,. 
bits 19··: requir~. -that .three,· .a~d correspondingly bits 11 

that four·. ~dj acent band : frequencies a:re rep~rted. · . 
.. . . 

. ~t ·u~ assume .as. an. ·example ·t~t . a' multi:band; 
. mobile station-has received on a ·dedicated .channel:in-the· 

. field . , ~xt~~ded ·B~cH ,f;;.equ~cy list. I of th~ . SAC~H mes~age 
. ; system_·I~.f.ormati~n ?te~' a ~req\iericy ;List;·. e~g. · 2~ .fre~ 
quE,!ncies ~ Freq\ienc.ies ~re from· bC?th ·~he ~erv.ing band arid 
a?l e1:dj acent band~ . ·Let us assume further ·that :·the assigned 
TCH ch~~el'- be~ong~ to a. 900. MH~ .ba~d in "the 'GSM system 

.. ·and that· i~dices 1-io ·of the· frequencies -on the .frequency 
.. li~t are . frequencies of -~his band . ~d f~eq\.iency indice's . . . . . . ~· . 

101-.110 are freqliencies of a GsM 1~00 MHz band (DCS band) . 
. . . . . . . 

·The mobil.e s_.Pation knows to .which band ~ach inde:ic: belongs· 
arid ~hich frequency corl;'es~onds to . the index, so it is· 

, capable of' measuring ··al~ given· freqtienci~s. Let us assume 
th~t·. the' measured signal:· E11tr •. ngths ~re 'in the order from 

. . ~-

,t~e strongest to the weakest : . 
. 35 i~ 2,.3, 4,·s,_·101,·6, _1,··a, 9,.10, 102, 103, 104,·1os, 

.:"· 
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106, 107, lbs, 109, 110. 
In a prior . ·art arrangement the mobile station 

would report on an pplink SACCH channel to the base s.ta­
tion_ the six best-au~ible frequencies, i.e. frequencies l, . . . 2, 3, 4, 5, 101, which all, except frequency 101,· would.be 

·GSM band frequencies .. Frequency inf~rmation on.an adjacen.t 
DCS band may be · t~o scarce for handove·r· between ·ba??-ds ~ 

In accordance with the invention, ·the field 'num­
ber of adjacent band frequencies to be· ~eportec:I' · in . the 

10 syste~_info Ster message contains information on t~e num~ . . . 
_ber ·Of adjacent band frequencies that the .-mobi~e station 
.has to report.on. If the information given. requires th~t a . . . . 
report be given ·on thre~ adjacent band frequencies,. ·the 
list of the six frequencies to . be .reported would be as 

15 follows: 

.20 ·. 

1,. 2, .. 3·, 101, 102, 103· •. 

This frequency information is sufficient for handover be­
. tween bands. 

Should the network wish to change the number of 
.adj ace_nt band.· frequencies to be reported . during·· the ;coin-·· 

· munication~ the base station ·has to send to the mobile 
··station. a riew system_info Ster message. For t,his puipose 
the·· base station controller se:C:4s to· ·the base station . a 
;·SACCH_Inf~_Modify'. message, knQwn per se,· Fig l. In. this 

25 ·messa~e _the bas~ station controller _notifies th~ base sta-

30 

.. tion .that the information sent on.~he control channel is 
, · .. changed a~d· more exactly, which. system_:..Info messages have 

to be sent. The base station controller changes t_he 'Sys­
tem Information Ster' message to be sent so ·that the in-- . ·• . formation on the number of adjacent -band frequencies to be 
notified in the field 'number of adjacent band frequencies 

.· .. to be .. reported' is changed. 
· Said· information may require that the mobile sta­

_tion report on_, e.g.· five adjacent band frequencie~, in 
35 which case the list of frequencie·s to be reported WC?Ul~ be· 
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. i, 101, ~02, 103, ~~~;· 16s. 

-Having measureq· the. strength of t~e ~requencies 
. notified . ~a·. ch~se~ the. freque~ci~s. to ~e.· reported ·in a r. 

. s 

. 10 

manner qf the·· invention,· the ·mobile·· st·ation. notifies them 

to the"- network in"· a. measuremen~· report ·s~nt on an ·upliilk 

. control cha~el sAcCll in a known ··:ma~~~.·. The ~on tents of. 

the·.report- are described in GSM ·.specific"a.tion· o4 ~ oa. · 
:1n "the. des_cribed ma~er tbe net~ork sends on a 

dedicated control cham:ie~ SACcH modi~iable infor.mation on 

how many .a:djacent ·band frequencies· ·the ·mobile station· has 
. . . . . •. . 

to repo:r;-t . on ... Because of . the changeEihili.ty I , the: nl:l~er of 

adjacent b~nd frequericies to be· ·rep6·rted may b~ f le~ibly 
~djusted. at all· ~imes, _" for· example ·in .·a· particular area 

. . . .• . . 
. according . to . traffic density·, . t"ime of day . or . another . . . . . 

·.is quantity . 
. : ~he··· des.cribed procedure· is .eavour~ble .as is ~ices 

.not limit ·the"" nu-mber pf :frequencies. to" be monit6red·, no-
. . . . . ·: . . 

tif ied to the mobile station" in the system info 5 I Sbis 
. and Ster mess~ges ,· ."~nd therefore ··the mobile -~tati.on inde­

. 20. . pendently.chooses the fr~quencies·~i~h·t~e b~st a~dibility 
·. : at . each momene from . both bands. ·In this . way the. network 

· .~ecei ~es . in:£ ormation .. on · b9th fr~quenc;· b_a,nds. .and · ~ay . 
tran~f e~ th~ -mobile · st.at ion to . another band· when needed. 

· · . ·. ·. ·.-I~ the· aho~~ · describ~d ciis·e ·the information ·.on 

25 the number. of adjacent.·ba_nd ·frequencie~ J:~ J.:>e reported is 

placed ·in an existing. field· of a.: System_Info :message.-· A 

30 

. . . . . . . . . 

. ·.new field. may ·equally well be added to. th~-· message for 

.trans.missi~n· ~~.the · .. nuinb~r d~ta .. It .. is ~ls_o possibl~ _to_ · 

create· a · ·comI>let_ely n~~· ·System-·Info. t}'pe o.f message to· be 

~z:anelmitt~d on the .control·. channel to t;:~ansmit the number 

··data .·to .the .mobile stat:; ion." 

·A.requirement.set on the.net~~rk.is t~e capabil­

. ·i~y of p~rforming hand~ver betw~en bands· w~en nee~ed on 

· the ··ba~is of . the repo:J'.~S from the mobile station even w:hen 

·the.freqUenc;i.es the other band are not the·hest audible, 

• 
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but are adequat.ely. audible. This places ·spe.cial require-· . . 
ments on the handover algorithm. 

. . . . An advantage . of t~e inventic;>n is t;tiat . t~e sys­
tem_info ·ster message and the therein i~~luded.number· of 
adjacent band frequencies to be reported is transmitted t_o . . 

. ·a 11!-Ultiba~d mobile station only~ and therefo~e the e~odi_-
.ment: ~oes ·not cause· compatibility problems with· mobile. 

. ~tat ions operating on one band .. · 
In the pref erred elnbodiment 'Of the invention the . . . . . . ·, . 1·0 radio ._system is a time di vision multiple access {TDMA) 

· system. The invention may, however, · be applied also in. . . . . . . 
. . ·connection with any other multiple access method, such as . . . . . 

. 15 ·. 

20 

·code ~ivision multiple access. (CDMA) or frequency division 
·multiple access (FDMA) . · · 

The above description and the ~ccompany~ng dra~~ · 
lngs have been presented by way ~£ ·illustration". only.· It 

.· will be understood by ·those skilled in the art. that vari-
. ·ous modificat;l.ons and-variations may be made ~o-the pres-: 

.. ent invention without departing from the scope and spirit 
t·hereof, which ·is defined by the appended · cla_im1/r. 

iJ. .... 

·.:' .. ;,. 
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16. 

Claims 

l. Cellular mobile telephone :system with at least 
two frequency bands and "with ba.~e. stations and. mobile sta-

·. ti~ns capab~e ~f ·~o~munic~ting with. the b~s~ stations on 

~he frequency of any .frequ~n~y band, ~nd ~~ w~ich syste~ 
.the network transmits to·· a mobile station in-

.. ··formation "on ·~he "tr"e~encies that" t.he. mobi;Le ··.station must 

.m,easur~~ and the mobile s:tation transmi.ts.to·the."network a 
measur~ment• report co~tainin:g a· number qf ineas.ur~m~nt "res·­

ults of various frequencies,· . 

c .h a r a .. c t e .. :: · .i. z, e . d in that the n~~work alsc:> .. in­
forms the mobile stat~on for at least.one band.outside the 

curren~ b~nd ·of operation .of .:~umber :~ata indicating the 
minimutl_l .number of. frequency. m~asureme.~t· results ~hat ·t.he 

. · moJ:>ile sta.tion should .info~ ·in the ·meas1:1%"ement report ... · 
. · 2 • System as claimed· in claim· 1, c h a r a: C·. -

t e r· i Z· e ·d ·in that the number data· .informs "th~t the 

. measure~~nt report s"hou~d .contain exac~·iy . the number of 

fre911encies. ·fro~ s.aid: at .least one b~~ outsicie t~e . cur·­
rent · b~~ · df. OJ?eration :given in the n\imber ·data. 

3. ·System. as· claime(i .in . clai~ l · o·r 2., c h a r 
. :. ·. . .. 

a c·t ·er i zed in t~at . . . 
· a ·number of measurement. result!=J, .given in the 

number .data,. ·of the frequencie~ with the h.ig~est . a:udibil-. . . . . . . . 

'ity from said at least orie band outsid;e t~e current" band 
. of .ope~at~~n~ .is placed·~~ the ·measu~ement r~port, · 

measurement.· resuits' for the freq\J.encies with the 
·highest audibility .. ci·f the cu~r~nt .. band··.~£·. ~peration are 

placed in . the · ~emain~·ng space" in ·the·. mea~urement report . · 
4 ·• System as claimed· in· cl~im 3, ·c h. a.: r .a c -. . . . . . . . .... . 

t e ·:r i z e d in that if the mea·surement results of· the 
. current ba:nci of .. operat'ion, ~re ·few~r than· th~· r!!maining 
. space, more measurement" results for band· f.reqUencies out-

35 .sid~. the c~rre~t band .. ·.of . op~r~tion are. pl~c~·a: in the re-

.. 
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maining s;pace. 
· · 5 . System as claimed in claim 1, · c_._ .h a r ~ c 

t er i zed in that the number data may be.changed . ... 
6. Syst.em as claimed . in claim 1 or 2, .c . -h a r 

a c t ·e r i z e d . in that the .number_ data ·is giy-en in t~e_ 
same message as the li~t ~f frequencies . 

. . 
7. Sys~em ~s_claimed in claim· 1 or 2, c h·a r -

a c · t· e r i z e d in that the. nuinber ·data is :given· in· a· ;.,... .. 

separated message. 
io ·8. System as claimed in claim 5, _c h a r:a c - · · 

15 

. t e' r'. i z e d in that during the co~nection the. net~or)_t : 
transmits a· message in which· the number data has changed .. · 

. 9. System as claimed ~n any one of the prec~ding· . . 
claims, c h a ~ a c t e r ·i z ~ d 

.. time divisiC?n mtiltiple access 
syste_m; 

in that· the system is~ 
. . . . 

(TOMA) mobil'e telephone 

10. Sys'tem as claimed -in claim 9, c h a· r a c 
t e r .i· z e d · in tJ:iat both. a. GSM a~d a .DCS freque.ncy .band 

.. are in use in the mobil~ telephone syst~m. ·. 
-20. 11. Sy.stem as claimed in claim· 10, c h a ·r.a ·c 

t e r i z e · d · in that the number data is included in one 
.. of ·t:,he sY'.stem. inforn(ation messages ·csystem_Info) trans.-. 
mitted_ ·by the rietwor~. 

12. System_ as claimed in claim 9; c h a r ·a· c 
25·· ~ e ·r :i z e d in_ that the message cont.ain'ing the: nuini?er 

data· · is transmitted on a dedicated control channel 
_ associated with the· connection~ 
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