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10 1. FIELD OF THE INVENTION

The present invention pertains to cellular telecommunications, and particularly
to congestion control in a mobile telecommunications system.

2. RELATED ART AND OTHER CONSIDERATIONS

In mobile telecommunications, a mobile station (MS) such as mobile
15 telephone communicates over radio channels with base stations. Each base station
usually transmits and receives signals over selected radio channels for a particular
geographic region known as a cell. The cell often is subdivided into several sectors.
Typically a plurality of base stations are connected to a base station controller node,
~ also known as an exchange or a radio network controller node (RNC). One or more
20 RNGCs are, in turn, connected to or included with a mobile switching center (MSC). The
mobile switching center is usually connected, e.g., via a gateway, to other
telecommunication networks, such as the public switched telephone network orto a
packet-data network such as the Internet.



2 Fig. 1 shows a radio access network (RAN) 20 which

conprises radio network controllers (RNC) 221 and 222 respectively
connect ed twowwmdsrdse switching . centers (MSC) 241 and pAdsessAngdeso net wor k
controller (RNC) 221 is connected to base stations (BS) 261,1, 261, 2,

and 261, 3; radio network controller (RNG) 222 is connected 5 to base
stations (BS) 262,1, 262,2, and 262,3. The radio network controllers (RNC)
&
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At the noment shown in Fig. 1, and for reasons summarized above, '
nmobi l e, station M i A ion with two
base 15 stations, ﬁ‘p%ﬂﬁ%lﬂg ﬁ%alé%bq%t ﬁ%l(l)nsca;%%i 3"1?8&‘?1‘}%%3'%‘ The |ines
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use signals directed to the mobile from various base stations in order to keep radio

interference low and capacity high. This utilization of radio channels to/from multiple

base stations by a mobile station, such as occurs in a CDMA scheme for example, is
termed “soft handover” or “macro diversity.”

25 At the moment shown in Fig. 1, and for reasons summarized above,
mobile station MS is shown in Fig. 1 as having radio communication with two base
stations, particularly base stations 267 2, and 263 3. The lines 281 2 and 287 3 each
represent a communication path. Specifically, line 281 2 depicts both the radio channel
from mobile station MS to base station BS 261 7 and the land line link channel from

30 base station BS 261 7 to radio network controller (RNC) 22); line 28 3 depicts both
the radio channel from mobile station MS to base station BS 261 3 and the land line link
channel from base station BS 261 3 to radio network controller (RNC) 22. In the case



3 . of. both lines 281,2 and 281,3, the land line link is connected to a
di versity handover unit (DHU) 301 of radio network controller (RNC
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line 282,1 includes the radio |ink between nobile station M5 and base
station BS 262,1, as well as .the information pertinent to the nobile
connecti on whi chFigs 1dHustracsd they simpletase-iikWGidhy the diffurent! legsofiBe

20  connection, represented by lines 28 2 and 28; 3, are for base stations BS all of which
are connected to radio network controller (RNC) 221. However, should the mobile
station MS travel sufficiently to pick up signals from another base station, e.g., into or
proximate a cell handled by another base station, such as base station BS 2621, for
example, a more complex situation occurs as shown in Fig. 'lA.

The situation depicted in Fig. 1A introduces the concept of a border 31
between groups of cells controlled by base stations which are, in turn, controlled by
different RNCs. In Fig. 1A, the mobile station MS communicates not only through the
leg represented by line 28 3, but now also by the leg represented by line 282 1. The

30 legrepresented by line 283 1 includes the radio link between mobile station MS and
base station BS 26 1, as well as the information pertinent to the mobile connection
which is carried over inter-RNC transport link 32.



4 Thus, in the situation depicted in Fig. LA the.nobile

connecti on I nvol ving nobile station M5 enpl oys base stations bel ongi ng
to differinggddsasnet work controllers (RNC). Such sptpsikdomises Nvol ves
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exchange, W@ﬂmmmhbmmmberwoemse@e where the call - for a
nobile station is controlled. The neasurenents are carried out only for a
specific ~-hobil e station and are used for obtaining a |ist of possible

handover cel |l candi dateggatfonal ApplicatibreNapber PCT/FI840003 Sntetmtiohalom t he

second ex ¢ %uglqcatlon rf\lummer V&S%/ﬂl%%f nvaives border base stations that are connection to
two RNCs. When the mobile station becomes connected to at least one border base
station, but no base station owned by the source RNC, the inter-RNC handover can

occur.

25 There are inter-exchange handover protocols specified such as GSM
Recommendation 09.02 “Mobile Application Part (MAP)” for GSM; IS41 for
AMPS/D-AMPS/IS-95; or INHAP for PDC. In the IS-41 specification, for example,
inter-exchange transfer is specified for call related signal quality measurements on
specified channels. The signal quality measurements is done by a base station

30 controlled from a second exchange, and transferred to a first exchange where the call
for a mobile station is controlled. The measurements are carried out only for a specific
mobile station and are used for obtaining a list of possible handover cell candidates for
the specific mobile station from the second exchange. In this regard, see also



5 . International Application Nunber PCT/US94/12419 (I nternati onal

Publ i cati on Nunber WO 95/ 15665) . ~ In the particular
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congesti on igyufcd RNCOR %réoxﬁﬁbﬁ&ﬁd%dn&oﬂ@dﬁ?Sbﬁ@bRNC 221resour ces are
utilized by a node in another regi on of the network

BRI EF SUVWARY OF THE | NVENTI ON A t el ecomuni cati ons
network fias a target RADMetMOt For clige ﬁfﬂn%ﬁtral 1sbasedr&fwaﬁill &gagltlon

congest | on HESCTECR iR HEXERRROL o AHEe SHULio WHEh Aial LUt it be s
| east some yp thd?tame 6weﬂ&et&4ﬁnﬁ£ndﬂ inVoFes §@ﬂhmgtﬁ§ poweLfectived §dni f191 ON
e e iy b Lo S I GAnRRF SRR Aol
the regi on sHEaved sEferdoes A6t dxRedPA tHeeshOR]) @&lls are continued. However, if the
20 threshold is exceeded, the connections need to be reconfigured (e.g., change the allowed
usage of resources by a connection, queue the connection, terminate the connection, or
move the connection).

What is needed therefore, and an object of the invention, is a congestion
25  control technique for managing congestion: ina region of a network in which radio
resources are utilized by a node in another region of the network.

BRIEF SUMMARY OF THE INVENTION

A telecommunications network has a target exchange which determines a
congestion condition in a region supervised by the target exchange, and which sends a
30 congestion message to a source exchange. The source exchange controls at least some
connections which utilize radio resources in the region supervised by the target
" exchange. The congestion message causes the source exchange to adjust at least one
connection which it controls in the region supervised by the target exchange.



6 In a first node of the invention, the target exchange:

determ nes a sel ected connection to be adjusted in view of the
congesti on w@usliskison. | f the sel ected connection is Femsmabled by the
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20 ' BRIEF DE.SCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, and advantages of the invention will
be apparent from the following more particular description of preferred embodiments as
illustrated in the accompanying drawings in which reference characters refer to the
same parts throughout the various views. The drawings are not necessarily to scale,

25  emphasis instead being placed upon illustrating the principles of the invention.

Fig. 1 and Fig. 1A are diagrammatic views showing prior art
management of a mobile connection relative to a Source radio network controller and 2
Target radio network controller.

Fig. 2 is a diagrammatic views showing an example radio access network
30 for illustrating a congestion control technique of the present invention.



30. for i.llustrating a congestion control technique of the present

I nventi on. 7

Fig. 3 is a swowmnmsisc view of- an exanpl e exchange:.or radi o MSUSRIP/RO303
controller (RNC) which operates in accordance with a node of the present

I nventi on. Fig. 4 is asgschematic view of an exanpl e base
station (BS) which operates .' in accordance with a node of the present
Invention. 5 _Fig. 3 is a séticéhaticAiévp ofan Exuiepla ekcliigeon thdidBetiosk €ps

i ncl uded in prepar . .., transmission, and,utili,zafjon of congestion
nessage acc&PHE rﬁ%‘@‘é’? ORgrgtes &p a‘f‘}?égance with ameds, f# the present invention.

Fig. 5B is a flowhart show ng basic steps included in preparation,

transm ssion, and uti}jzat] ' e Ol 140 ond
mode of the 10 | nvertifa s &St HAPEE b SRS SALC ARG iR oBorBE
of an exanplieaécrdaice fwith anisde of the présEhRiavBitiEE MESSAGE according to an
enbodi nent ofthe present invention. Fig. 7Ais a

di agrammatic view of an exanple format for a CONGESTI ON MESSAGE
according to a first Higd8Ads atflesvobart shewingrbasiststeps included in preparation, Fig.
7B is a di agfaempki L B 1At : ; ENGRSd '
MESSAGE accg{agl ng i[ogn, gﬂ{{é%% Bﬂnggéeg?éf'ﬁéﬂgr%iagﬁ? E‘f‘ﬁ\‘}‘é‘ ttio g n. d Shine

Fig. 8A is anven$@hart show ng basic steps involved in a congestion

control routine in accordance with a first node of the invention.

Fig. 8B is a flowharf,. shawi ng, basi t eps.involved in,a.congestjon 20
control routine in ac%lﬁ‘ gﬁrfééq‘ﬁ“f‘%aésé%‘@ﬂﬁa’aﬁ‘ﬁ& Pﬁfnctl\’ﬂee%ilﬁ\Péﬁaf%’r?n’
Fig. 9 is a ifinsgissivipandutilizition of a cERENE6T IiehsdgPbBdrdiiglib @ Becond modd etk ned
by a Tar‘%et 6‘Ill?‘lalqc node according to a node of the invention.

S

Fig. 10 Pammatic view of a CONNECTI ON VI A TARGET RNC | DENTITY
LI ST mai ntai ned by a Source RNC node according to a node of the

Fig. 6 is a diagrammatic view of an example format for a BS
INTERFERENCE MESSAGE according to an embodiment of the present invention.

Fig. 7A is a diagrammatic view of an example format for a
CONGESTION MESSAGE according to a first mode of the present invention.

15 Fig. 7B is a diagrammatic view of an example format for a
CONGESTION MESSAGE according to a second mode of the present invention.

Fig. 8A is a flowchart showing basic steps involved in a congestion
control routine in accordance with a first mode of the invention.

Fig. 8B is a flowchart showing basic steps involved in a congestion
20  control routine in accordance with a second mode of the invention.

Fig. 9 is a diagrammatic view of a CONNECTION IDENTITY LIST
maintained by a Target RNC node according to a mode of the invention.

Fig. 10 is a diagrammatic view of a CONNECTION VIA TARGET RNC
IDENTITY LIST maintained by a Source RNC node accoi:ding to a mode of the
25 invention.
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DETAI LED DESCRI PTI ON OF THE DRAW NGS In the follow ng

descri pti ORyg bgys7adur poses of expl anation and not |imtat ipefseEoeosozspeci fic
details are set forth such as particular architectures, interfaces,

techni ques, etc. in order to provigde a thorough understandi ng of the
present invention. However, it wll 5 e apparent to those skilled in the

art that the presenpyrPRTER'D mt@pmm#%mésr enbodi ment s

t hat depart fromt hwwrﬁrc% det ai | ed
deseriptions o Wﬂ Qﬂfﬁ nﬁiaﬁﬁ}nttecj SO as
not to obfsh(I:\lf}?‘ele#01 ese%ﬁf%tﬁﬁ%forW% ‘?fees fhﬂaﬁﬁ/en ot '
unnecessarspecific details are sepforth such as particular mclgltecmrgh ontsrfacqs,a@chmqwests

net wor k ( ng)gf V@@@q

controll e?@%ﬁgp%{é%aﬁg%iﬁraespe vely conne Rialil klb“iln

swi t chisng becapparest tonBaye skilled intlae arpihat thepressntiavension mmbt? priacldged(iRNC) 2221

i s connect BS) -
2261, 1, 2 r\zlé“%ddhﬁ g’%gé%‘im@g’%?égeses atl %%%Q’ §§‘ %5'% ﬁf&ggzé%&gle&

2261, 3 serdnecnmmeofmal@ewnﬁemes,zmtﬂanmrp&oﬂsa@rmmﬁzcuogsnﬂam. 0 network
controller t 2252,1, 2252, 2;
and 2252, bCiiE i deserib °én%@%§§%&?fﬁ%%,@ey&s%gﬁ%ﬂ'zzez, 3. Base
stations (BS) 2262,1, 2262,2, and 2262, 3 serve respective cells

1272,1, 1272, 2, and 1272 3. An exchange border 231 is shown as separating a

first group of serve bas rolled radi o
net wor ¥ control | er F’fﬁ\l )SE‘Q qa%/qes%ne W‘Yhmgf%‘p?s $and 2271, 3)
an(cji a sec Qﬂﬁhkﬂ{ gesipr fa}‘dluﬁﬁéﬂwsﬂﬁﬁmﬁeis WRDIC)2221 and 3223 respetivelyiconhéotel foy .
radi o network,controller an
2272, 3). TREPIEFY! hig F%R@ﬁ)ﬁpféﬁleé@ %C;&ﬂ %\gﬂrﬁd %‘E‘E?ﬁ Qﬂ%%}w??e?dt ed by
an i it eémﬁbﬁdtviﬁhﬁm% |1, 2R5 23 2and 223} 3 to base stations (BS) 726y 1,269 onet wor k .
controller cont 22 Ccan be
oy type. B Ehan s AR a‘éﬁiﬁm? 10 b 224k e resbe e GRBE T S P
for a munmea7,qf 20268, #id22A79Rs Radio setwork contiiollem@NE) 2220dslikewiser  ( RNC)
2221 and radl o tT r aflS; tI y
| ocated or®® fﬁﬁ@?ﬁ?ﬁi‘z %& @aé@?s % Zbcaég oua?smg?ﬁf % obi | e
swi t chi ng andi226p 3. (BdSEptafiduk (BS) 22631, 2262’2, and 226 3 serve respective cells
127 1, 1272 2, and 1273 3. An exchange border 231 is shown as separating a first
group of cells served by base stations controlled by radio network controller (RNC)
20 2223 (i.e., cells 2277 1, 2271 2, and 227} 3) and a second group of cells served by base
stations controlled by radio network controller (RNC) 222 (i.e., cells 2273 1, 2273 5,
and 2277 3). The radio network controllers (RNC) 1221 and 1227 are connected by an
inter-RNC transport link 232.

25 The radio network controller (RNC) 2221 and radio network controller
(RNC) 2227 can be any type of exchange which hosts radio network control
functionality for a number of base stations. As such, radio network controller (RNC)
2221 and radio network controlier (RNC) 2227 can be either distantly located or
collocated, and can even be collocated with the mobile switching centers (MSC) 224.

30 ;
It should also be understood that radio network controller (RNC) 222
and radio network controller (RNC) 2222 can be, and likely are, connected to other



30 . It should al so be understood that radi o network .
control | er (RNC) 2221 and radi o network controller (RNC) 2222 can be,

and likely arwossmsysscted to other T _ PCT/SE99/00303
9 radi o network controllers (RNCs). Accordingly, additional inter-RNC

transport |inks 232 are shown. The |n§er-RNC transport |inks 232 can
be either direct links or |inks goi ng”via an other exchange, such as

an VBC whi chrdife nithork etEdlicrORNED) ALS &hglgdadmu% nal ﬁ{ta&!kg@u&gswmﬁks >

An exarrple radio network cantroller (R own I n

conprising a23ateshowny TheipteeRNG tr: ks232 ¢an be either d!l;ﬁcmsc@rluﬂfel
1L 272 o v e g e i S SISV, |,

dlver5|ty handover unit
various i nt etslephone ngiwaEksi ty handover unit ( DHU) 230 i s connected to
atimng unit 241. The RNC control unit 242 is connected to each Io

I t of RNC 222. 222 i.S nnecte t wor k

gl Srr?:llnl ngs i nt er f e)équple A LEtYRY CHFE&%%E\@:%'}ES!S E’t 383 RNC
control unit caMBrisiipe sw1tch 240} Swinh2400whithGs eshtiolled Bﬁltla\l@fcoﬁﬂblttﬁﬁt 2490 has
Station 1 nt ef PRIt PORS a5 a%meseae 54 "8 ro hadover G 0ORLS 200
station inte

Sao sl am:koﬂieisldfe;vlﬁwh w §mtEi|ﬂ£?ze§ n%)wérﬁﬁ_;e?am]p Zce ni tsgg48
connect ed to,siater- ansport e s i.0 nt er u

are con?i%@fs npge %‘L{? é‘ gg‘gl Zfé“[m%?é 9? E@%EF Ganneeied favgachoo
An exanphe belemeat of RNG Zv\%ﬂS)I?]HQEZZQﬁs sdnmwtegmo Els%naﬁngi?etmﬁlﬁt Viasd .ﬁgnaim t
switch 260. C al l e a at un|

262, has a 28" E rz%ﬁi ’nﬁbf?‘F’é‘ﬁ“ﬁ %‘é&g?ne&#é‘ SRNCE ‘gé}"ll ‘Qe

the ports of imenfdce cafiéctedeo ports oﬁmnﬂmﬁﬂmbmdémmtmg@cdﬁtﬂtmmd o
Tx/ Rx) boar raRscel ver oar d ar con e
fantenn?ae whi qln é :(ECZZ‘ lﬁasfﬁé ﬁ%gg tssg)‘}s I%g ls (BS)
226. Control cmnnecteﬂwﬂu&ppi'qmawmnbﬁd: mwlﬁnpoé:ft&bm ngﬁtteﬁﬁéb mﬁ5246§sgtn o
term nal na oar a ase |
(BS) 226 comn%gfgglt%ig‘é%r%&ﬁ l?fﬁlsp?rgﬁﬁg&ﬁg Bats RO e fass o %ﬂ@ g5 220
with |ink 228ornected tetherset ofhsb stations\(BS) served byjthe RNC 222 base station
interface unit 248 of the radio network controller (RNC) 222 (see Fig.

3) and term nal board 266. In the exanple of Fig. 4,
four transceiver boar dn ¢xamihe paseGidtion(BS) @6 is shown in Fig. 4 as comprising a

switch 260. Switch 260, which is controlled by base station control unit 262, has a

20  plurality of ports. At least one, and typically several, of the ports of switch 260 are
connected to respective transceiver (Tx/Rx) boards 264. Transceiver (Tx/Rx) boards
264 are connected to antennae which are located in the cell served by the base station
(BS) 226. Control unit 262 is also connected to ports of switch 260, as is an terminal
board 266. 1t is through terminal board 266 that base station (BS) 226 communications

25  with its radio network controller (RNC) 222, with link 225 being connected between an
appropriate base station interface unit 248 of the radio network controller (RNC) 222
(see Fig. 3) and terminal board 266.

In the example of Fig. 4, four transceiver boards (Tx/Rx) 2641 through
30 2644 are shown, each being associated with a respective antenna 2741 through 2744,
respectively. Antennae antenna 274 through 2744, serve sectors 284 through 2844,
respectively, of a cell 290. It should be understood that the number of sectors and
number of transceiver boards (Tx/Rx) 264 is not critical to the present invention, nor



30 2644 are shown, each being associated with a respective antenna 2741
t hrough 2744, respectively. Antennae antenna 2741 through 2744, serve

sectors 284obésassoh 2844, respectively, of a cell Z2Q4ysebépesfaoul d be
under st ood that the nunber of sectors and nunber of transcei ver boards

(Tx/Rx) 264 is not critical to the presiaﬁ I nvention, nor
10 even is sectorization of a cell“hecessary. Typically a base stat I on

has three

the cal | coynds fert@Eall ofa call BSRE ThiballyiPodst SAERRRFRped BRELA O,
is not i nandemnetto three ﬁeqamu(dmendmg@n the ealbdapacityt iohesserved byfthehasenci es. 5
The partic g%%},q ( RNC)

222 shown #L ?Péaﬁlg aseggﬁg‘%ﬁ %@%ﬁﬁgﬁgﬁrﬁﬁgwgiﬂ@%appen to be
ATM fneq;mcln&des In this regard, both switch 240 of radi o network
controller (RNC) 222 and switch 260 of base station (BS) 224 are, in

the illustrated exanpl e enbodi nents, ATM lo- sw tches through which ATM
cells are d| rect ed. pettisular exampls ¢mbetdissts ¢fxadiomstwork coptreH@T(RNGWent i on

is not | | t o
net wor k con ro Ier ?&%2@%5@“% )szt%g:sygﬁﬁ xgggtggnzﬁ nor “the use
of ATM basgdnoddse mregardabc&mtchz%e lof rasio e%@rleﬂ@ntmiba(RNth%nnd

techni quessvﬁ@m SBakOMafon (BSE)XM'aFEé &:?%11&%%&% daggﬂ. thbddifentsATRE ©S€nt

i nventi on two no con%est I oh contr ol

t echni §ue ®ritehies thspughewhich ATMIQ#U%WlQm@G'fsﬂe Itsbanlddsamdewstpodithatithe cont ext  of
the netmr%ﬁéﬁ?ﬁi\@ﬂﬂ leSIthﬂmlédtéga artncuﬂﬁ*@dh%étﬁfes ofthe j¢ scenario

of Fig. 2 e station 220 resi |n cell 2272 Is 1n radio

frequency Reswerkeeonirofer (RWEh2Pand base station @)@?ézhswnm tb@“ﬁ?e‘l,ft

wi th nobi | gyisliat 'H%Fﬂ%?%b?a&ﬁﬂé&ﬂ%&ﬁfh&&a&%&ﬂeaﬁﬁ’q&s@%w% grol | er
(RNC) 2221, 20 which previ ouslé12 ad requested radi o resources f omradio

net wor k cthth’@Ith@eﬁcoPRlQ@SPmtOf PresgpldAveRtion e station 220 noved into the
regi on supervised by radi o network controller (RNC) 2222. As will be

descri bed below, ra Kk RNC 2222 erm nes that
an und&lirabl e degr g‘fmﬁémﬁb&w tlscog’gﬁ%lpp cﬁaﬁplﬁe@g\nﬂu e for
whi ch r easinnentivtieare newtdescribed i themboatextef thenegstork tafiobogysdfiltig. 2. cIcnnt rol | er )
(RNC) 25 2 repares.a ngest i des of
the | nventFBficulll S SRaflpiVeiat: L 2RPRR AR SRR TR, i
net wor k comidislin mdiq fféifllen2yp 2éhtact e.g.,deithebase station. BSe226p1 32 dTlocomaettiomn t o be
adj usted ipn.yie R n this
Firer modeit il subidh 228 U ERiofly BY Rlite il Seyork edtBolier Rifer s
20  which previously had requested radio resources from radio network controller (RNC)

222 when mobile station 220 moved into the region supervised by radio network

controller (RNC) 2225. As will be described below, radio network controller (RNC)

2225 determines that an undesirable degree of congestion is occurring in cell 227 3,

for which reason under certain circumstances target radio network controller (RNC)
25 2227 prepares a congestion message in accordance with modes of the invention.

In a first mode of the invention, radio network controller (RNC) 222y
determines a selected connection to be adjusted in view of the congestion condition in
cell 2272 3, In this first mode (illustrated in more detail by Fig. SA and Fig. 8A), the
congestion message identifies the selected connection to be adjusted and further

30 includes an adjustment value (e.g., power reduction value) for the selected connection
to be adjusted. In a second mode of the invention (illustrated in more detail by Fig. 5B
and Fig. 8B), the radio network controller (RNC) 2225 does not determine what -



congestion nmessage identifies the selected connection to be adjusted and
further 30 includes an adjustnent value (e.g., power reduction value) for
t he sel ect ed womwes7ss on - 1o be adjusted. In a second noaderRkeddases
invention (illustrated in nore detail by Fig. 5B © - and Fig. 8B), the
radio network controller (RNC) 2222 does ngt determ ne what

connections controlled by source radi o network controller (RNC) 2221 are to

be ad] ugériti 1l contielied by oty HRo hétwioRecSERIRE [RAL) e S

i dentification of aco@gqeste area (e.g
regi on super ¥uged. Ry a4 inelndes in the penesstion messagy an identification of e ngsm a

severity val gea{&g] ealt 2o mm&yegiéﬁ SHEHf'ysxtaﬂﬂihétﬂ' fw&n‘&%pgfagié)

ar ea. ?—) the first of t'he 1 nvention

shows the tra#xesWeslasa Sevmrvagle(mﬁlm@g Qweafy ofibe cgngnsu@mlqtbs)coagme,dl
nmeasuri ngs (Wreh, respect to each frequency) the total power received
(over all connections using the frequency) fromthe various nobile
stations with which the transceiver boards (Tx/ Rx) 264 are in radio 10

communi cation. For ead?brftheéﬁtsembyle oﬁﬁiﬂ‘inwmmglﬁby SA-Dsiwes thd xafceived 4
D62, "as. | nd RS CRNRAF 264 PENSS oot (5] 29057 Skesuring (rilheponceioiosel message
depi cted by frequencgythd tmtabjmxdaa'eeeived (over dlPebnnkttictsiugingGhe Feguendy) fom the
pover 1or 1 negipE il Biiood S fituhEh e pnspeivgianeds oA e jn miias
control i commuAisatiperFaresh frﬁ]umubath tranbesiviebdardy TsmR O A6atp e?ibdﬁ;fall n
v a5 v i S s 03 L . oo s
recei ved poviarFigeS4. The pewspreeeived amissapd depictedty @@ SAR (3fides an 2262 1
det ect ed by Tt W dbalb SEAIAE RpoRed adfien indicion bf He Hegkpre pidiend of
each inter vattepewubpmasfmrﬁm mddio ﬁfeqmy@gg ipei Bequeheyic eAs st SAaS BS control
obL et HERS et A e St Sl e i e
| NTERFERENC@Q@SA@E awqragu ilterferencepes fregaency) evérahe mtervéle lgeaemedwer val ues)
(90, | oAb S 5 U o e f Rt
MESSAGE as i Zﬂﬂzudﬁqg all mpbilei sthbons with trankmmissidns mnﬁimhﬁtlymwo besdetectyd by
Stati on nodete A0S 460 Kk eRENCE VESSAGE 15 sent (il d 610); a
NUMBER Q OF FREQUENCI ES presently utilized by base station
20 At the end of each interval, the measurements of average interference
values obtained at step 5A-3 are included in a BS INTERFERENCE MESSAGE which
has an example format depicted in Fig. 6. As shown in Fig. 6, the BS
INTERFERENCE MESSAGE includes the average interference (e.g., power values) for
each frequency utilized by base station BS 2267 3 received at step 5A-1. In particular,
25 Fig. 6 shows the format of the BS INTERFERENCE MESSAGE as including a field for
identifying the message as a BS INTERFERENCE MESSAGE (field 600); an
identification of the base station node from which BS INTERFERENCE MESSAGE is
sent (field 610); a NUMBER Q OF FREQUENCIES presently utilized by base station
BS 2265 3 (field 630); and a set of records for each of the Q frequencies. Each record
30 (e.g., record 640) includes a first field which includes a frequency identifier and a
second field which includes the average interference (e.g., uplink power) obtained at
step 5A-3 associated with the frequency identified by the first field of the record. If




S i npl enenting a congés

BS 2262,3 (field 630); and a set of records for each of the Q frequencies. -
Each record 30 (e.g., record 640) includes a first field which includes a

“frequency iWgoddiser and a second field which incl udes/ssiagedser age
interference (e.g., uplink power) obtained at step 5A-3 associ ated

with the frequency identified by the figst field of the record. If
12 desired, the BS | NTERFERENCE MESSAGE can be further fornatted on

t he basis { furth t

|y EPrErenRsTr s B INTHEERERESMBNSAGE ogn be furthyr formptted G Basis of |
(BSy 2262, &ctar and diequensywor k control l er (RNC) 2222 over link 2252,1. 5
Arrow 5A-4 in Fig. 5A (and nore generally arrow 5-4 in Fig. 2) show t he

t i Ssi f an BS | NT t f b t BS
2960.3 Lo radio . ThedHPTERRERENCGEMARACE st tpo b il nl ohg 065
| NTERFEREN K- NGHABS) 2267 3 td@uioqs&mkcm&on cyemgrdm:mm mi r (RNC)

2222 to its RNC control upit 0 n 242 of ra ‘0, network
cont r ol § er AFRRGA: mflge%%(ayggnqrﬁ(gegga]l}garrpw%&z NJ%E Rissiop
several, i bf4PBSINTERFERENCEBMESSAGE seficfréiBase statxom((BS)rZQBﬁgdobaﬂlbadl 0

twork control]l RN gthe BS
RS s opek oo BHC) 2, e i, he DS INTERRERENGE BFERKGEAN:
control Unf&ute%t%r&igh&ﬁdib%eﬂﬁirlﬁ@bﬁtrﬂmmld)em 4 TNG RRZ2sbntrol umdMZ:rmﬂBS

whet her a congest | tiaon, abI e_hi gree of is

i nt er f er en€QA ‘%Wgﬁgngr@é‘?m@?% Qggef 2TeT B%Stggpg(e:t ed by

conpar |1gg nl]rpEt I]SFEREMMESSA(BESdﬁfoﬁftW. \dlfhdistH%l_ gﬂﬁEml ttmiih s(BS)I f the
nmeasured interference excee val ue, ereis a
congest i onCRBFRKES; é'r;adlonetworiécontr&ler?kﬁ&ﬁ?fzromest ion exists in cell
2272,3, RNC control unit 242 of target radi o network controller (RNC

2222 endeavors at St&f?erﬁﬁ'egl @Elﬁﬁb@)&(éﬁ?(@% MQYO_D by

: 'on con F Tout i ne. TSt no
congest i onasshuwmby step§ArERNE mhw@%ﬁ ofyagio rstwerkccontrallepdRNGL2220! | i n

Fig. 8A etermines w ettheraconélgEﬁdH cdnal gsahﬂﬂdéshﬁbﬁwgﬁaégr&bpont r ol
routi nes Ofi e |1 nven m nar natter 1S nentioned
that RNE cmtenfmnmms@mcelt 227@;3ge€omgret@ weyh5dﬁtect by cempagng the ( RNC)

2222 nmi nt WG!S ViTE e mebsEeU oMb eSS
. .I DENTI TY L Sa(?: Eqi{t%rgéﬁ;baefvﬁs %Wn INn III:(?IQ‘MMC he mNEC'I'I ON I DENTITY LI ST

exceeds this THRESHOLD value, there isa congestion condition.

If congestion exists in cell 2272 3, RNC control unit 242 of target radio
network controller (RNC) 2227 endeavors at step 5A-6 to reduce congestion below the
20 THRESHOLD by implementing a congestion control routine. A first mode of the
congestion control routine is depicted in Fig. SA and, in more detail, in Fig. 8A.

Prior to discussing the congestion control routines of the invention, as a
preliminary matter it is mentioned that RNC control unit 242 of target radio network
controller (RNC) 2227 maintains, for each cell which it supervises, a CONNECTION

25 IDENTITY LIST such as that shown in Fig. 9. The CONNECTION IDENTITY LIST
s employed for, among other things, congestion control, The CONNECTION
IDENTITY LIST includes a record for each existing connection in the cell to which the
list pertains. Each record has several fields, including a Connection ID field, a Source
RNC field, and a Bitrate field, as well as fields for other parameters (such as bit error

30 rate and delay).



i s .enpl oyed for, anobng other things, congestion control, The CONNECTI ON
| DENTI TY LI ST includes a record for each existing connection in the cell to
which the  wodesispertains. Each record has several fiel dcrseogbaseh ng a

Connection ID field, a Source RNC field, and“a-Bitrate field, as well
as fields for other parameters (such as Rt error 30 rate and delay).
13 Fig. 8A shows operations perfornmed by RNC control unit

242 oftradl 0 nlelt\m § k8 AC SIEwWsop eeaudxﬁltﬁ@foaaaﬂb%mémt Al 240 dfﬁim@e RNC)
congestion I n ce e ar I 0O net Wor 0 er
903 e cestwarkeTolier CRRC) 2222 int to redige GopEsAan FrCSdbR B8

§4t2 of r?ﬂl By BegetRadio fﬁett%drﬁlcbﬁ&ommc%&f&a qiehﬁomms vaththe Iﬁfritgfé% gAD

et ween e nmeasur nterirereg or ce

val ue. In ofttﬁé?AV\bﬁgI;d °®WIPW%&§E£EN€E B‘r&gﬁhﬂ tempiges a
F’OV\:ERZ ngén Dfet(wégﬂﬁe théastitdiihftkfefedide fhlus FeieliA 2hd ﬂiaer}mlmm ol
uni (0] radai net Wor C er|or

conpri si ng @lee, In otherwards WE&%@ %i—é(ééﬁBLB ‘I*n %CWK@FD
8A-3, RNC ¢ WEkmmcmwALm gamviarlhltﬁnfédalsteprsABN@he RNC oda#dl

pi cks (fromthgﬁ%COf\l CT1 ON | DENTI e congested cell)

for t
t he connect ¥ ¥h iq RREWRTpRILEO i%fi;}gn performs . loop FORITISIE sten-

8A-4 whet hegA-3 througdhSstépP8A:t i on having the. highest bitrate is controlled
by target radio network controller (RNC) 2222. If the connection
havi ng the highest bitrate is controlled by target radio 15 network
control er (RNC) 222At sltépeSAér,rRNﬁleonmﬂ mité42@tﬁmdimnmcn'kngnmllqn(BNC5

S A O AR
itra_te or nnextion bavimg _ aiee dtermi atl steps whether
croodt ent, kB 3B RSOt o e ep i
2222I cal cu:c RNE) &Zprﬁmmcmbtmnjpavmgdhpmmm‘dmns conttalleRbyftargetridio ]lf
511198 b8k o OIS0 R BB ARBE GBS, O, 0
on e.g. (1)thrémghditen SAceispecfiormeéds nobile station MS to t he base

station that controls the cell, and (2). the uplink power used by the
particular 25 nobile statjion ch had its bitrate (or_ other _paraneter)
OREDON

adj usted. This UPR vdMistep 8A-5 thﬂﬁ?ﬁlé@l“?@ unit242 of eadip pereriocortrolige

VALUE ( APRVizzi}t reaﬁéh% tBébitrate for the donnbétonPikkdilde SEFRAPONER B el dN VALUE
(APRV) is greater than or
' embodiment, the bitrate reduction is by a factor R (e.g., R=2).

20 At step 8A-6 RNC control unit 242 of radio network controller (RNC)
2221 calculates or predicts the uplink power reduction (UPR) for ¢ell k resulting from
the reduction of step 8A-5 (the bitrate reduction for the connection having the highest
bitrate). This calculation is based on e.g. (1) the distance from the mobile station MS to
the base station that controls the cell, and (2) the uplink power used by the particular

25 mobile station MS which had its bitrate (or other parameter) adjusted. This UPR value
is added to the ACCUMULATED POWER REDUCTION VALUE (APRYV) at step 8A-
7. If the ACCUMULATED POWER REDUCTION VALUE (APRYV) is greater than or
equal to the difference D (see step 8A-1), the congestion in cell k has been satisfactorily
reduced for the time being to a tolerable level. '



equal to the difference D (see step 8A-1), the congestion in cell k has
been satisfactorily reduced for the tine being to a tolerable |evel.
14 WO 99/45735 Shoul d ACCUMULATED POVWER REDUCTI ON péAisEm/dosdi3RV)
remai n bel ow the difference D as determ' ned at step 5-6-8, the |oop of step
8A- 3 through step 8A-8 is again perfpornmed, this next execution of the

| oop I'i kely choosi ng anot her connec]t on at step 8A-3 as the connection

in the CONNECTI ON | é‘”@ﬁ trate.

If it were determ ngﬁkﬁ{l]&? ep % P connect I(%ﬂ'%@&lgﬁgﬁgt tep 8A-3
fromthe @mmmmmdﬁﬁﬂemegﬁ'ﬂwegatgep@ﬁr&tﬂ@é@mmﬂ target

radi o Y |°4'§P1@9 d. At
step 8A-1 dﬂ'%kéﬁigép%%gn%%aﬁ ni 22 of I 0 ﬁ%‘t?% 1 tro C) 2222
prepar es anGhRCRBTeCion ot steprSsAEE thwomcdxmmghe: GQNMEG}EIQNGIDE‘W net wor k
control] er f@nsm ssion of the CONGESTI ON MESSAGE is
shown 15’y $ ?ﬁ%@ﬁg%@eﬂb]&%and nore generally by arrow 5-8 in Fig.
2) . A format for an exanpl e CONGESTI ON MESSAGE is
aﬁcgrgi ngAt 0 Ats his?to m%fltvg&dﬁmﬁﬁmg%tegm-uwmdwnne@@ ml@d%fts%ﬁ,SA]l:_SrgPOV\ﬂ
[ [ | [

rode of o AecHONYEC MO ARENTTH 483 ofFig, 5 not camfalled by festani el d

( L I elt df 70%013&02%@11&4 (txtsjth 31”3 %}:ge:g s@y 8Ae1 R perforrhed. f%ehtdg sﬁem
identifier o - an i ndi

connect i orfontrol 2r‘gflE °"&H¥@§ g&@ﬁpégesfoél é’f RHION i ¢ d
(710A) man(MEssxgtBJtﬂ)r transmis@idh e@kduree Alid ri&wmmtr]?llérl (umcd . 1t eﬂcbt@alJ ulst ment
e.g., power reduction i e val ue

i ndi cat i verassmissionafibe, %@%‘!‘?ﬁﬁ@@ﬁ%ﬁﬁ élol)?@"wl?y arrow Sé‘aﬁl‘bg r essed,
for exanpl(endhmrégéxmgfbwﬁrhbvvs%mmgcﬁ)ctlon factor. Qther types of

val ues may alternatively be utilized, such as a bit error rate increase

- factor, or a del ay i ncrease factor. Thus, as shown

in Fig. 7A the CONAHbim@Norasewapl: CENGESTION MESSAGE s eecording tothis
o b b BB R LR ‘1%5 FrEE (A Bt D Lt
i dent i 1§ erCONGESTIONMESSAGE aﬁt-herﬁmm e ofithe inventioninchides a mesyage kype
| ;gg;‘\' E gge%ﬁ nuﬂtiﬁ bRt @ield FOVA)Phet {dRhHer of the RUHERKE 2225 (BEITD6AY, 4d ©! d
identifier of the target RNC 2227 (field 707A); an indication of the connection
controlled by RNC 2221 which requires adjustment (field 710A); and, a value
tndicative of the. amount of the desired adjustment (e.g., power reduction [e.g., in
20 decibels]) [field 720A]. Such value indicative of the amount of the desired adjustment
can be expressed, for example, in terms of a bitrate reduction factor. Other types of
values may alternatively be utilized, such as a bit error rate increase factor, or a delay

@}

increase factor.

Thus, as shown in Fig. 7A, the CONGESTION MESSAGE identifies the
25  connection (not controlled by radio network controller (RNC) 222)) picked at step 8A-3
from the CONNECTION IDENTITY LIST of Fig. 9 (included in connection identifier
field 710A), and further includes the amount of the required adjustment (e.g., the bitrate
" reduction factor R) in field 720A (see Fig. 7A). |

How the CONGESTION MESSAGE reduces congestion in cell k is
30 subsequently described in connection with the remaining steps of Fig. SA. RNC control



How. t he CONGESTI ON MESSAGE reduces congestion in cell k is 30 subsequently
described in connection with the remaining steps of Fig. 5A. RNC control

15 uni t wa9yesas adi o network controller (RNC) 2222 per PoTsEIsmbmps SA- 6
t hrough 8A-8. If the sending of the CONGESTI'ON‘'MESSAGE at step 8A-10
results in sufficient reduction in ceggestion, the congestion control
routine of Fig. 8Ais exited as indicated by step 8A-9 and (as

i ndi cat ed bymﬁtzmﬁaai)o mmwllemcﬁm berfahOstER! )61 hroR %m.eo# er
(RNC) 2222 Bﬁtur qs *ilgeﬁ S5A- 5 for further congestlon monitorin I the

 degreé of cdhgadding GESTIONIMESSAGE at step §Ar Wissswlts insufiqiensp of
Fig. 8A re@6dtivnl ifii Rj&i@ﬁsthgeoﬁgekﬁéﬂmfmﬂlde%mgﬂ fCexiat iak 1ﬂd?@at'§ed

f h
Cnder st ood HesiFR B~ dndireted by Rom 321 RNGueontiol it 243 A5 ko BSSGR 1 o

particul & | yeohrollbd GRICHLED fefurf B sté S AL ok filttik® cbRSesfibn HIGNiHHA goﬂfthe
MESSAGES may be |s ued frorpegNC coptrol unit 242 of radi o networ

control |l er egree( ngt yet been shecessBllyireducedethgloomobrigs84p sA- 10)
until congesdonsitisig steps SA-iStthﬁfu@ﬁtS@[-S liy/repested fnkil @c&ﬁ@sﬁéﬁ&rsuﬂ%’i&aﬂyas a

variation on he first” node of congestion control;- the RNC control
unit 242 of ®4EEd- net work control | er (RNC) 2222 can |nstead |5 del ay
tenporarily and prepare a single CONGESTI ON MESSAGE whi ch identifies

sever al conneptions. Hsnbli rﬁ%&g%da% %gé%gﬁgo@&%%ag afirst RNC

2221-control |l ed connec i on nee <] d ﬁt rol unit
242 of rHdi ccongestionicontrol, patticelarly as illysaaE@d i F2g &mrthatlmndsabﬁC@N@Sﬂ’mN

nohi oved by TESSACER g uued rgFRNC Cotol bhiraes SEHaRd neBR ok © °°
ACCUMULATED (RMNER22B(eigT; I dDing aepdated exem(tmmf)ste@rm-ﬁsrummaagmhm AgEtD
POVEER - REDUCTY! %%P

repeat a | oop © gEre dg?e% I(g‘reﬁ{%\&{‘ ggéﬁﬁ@d’&ﬁgﬂ%%ﬁ%%ﬁ%’i ge O?FQ'?gFéugﬁm

i s not deenestdngol,fthei controlamit 242 ofmagdio metvork controléer (RNC) 228nmen instead ar e
onnect | bne. debty bkl LAY o ehngte CORGES RON WESRAGH whlckieat g

' ACCUMULATED sevsselcqumetiswisOln mtﬂa(CEAﬁR\Kjetemmmaham firShRNG 222 1 -contreled

Cum | of iaeth el & A BRANC qohsol iRz pr RN BI Gl

2222- cont ro|mb%@@nla&¢¢tqmqm@m ROWER30
gg\l%%’%\l%/%éﬂ%r ansm t te V%S%gﬁ%g} éaé.'feeﬁfx{?@égnf g]w J% &I%a'gd 5) to
. 20 based on a sum of the actual AC POWER REDUCTION VALUE
(APRV) and ESTIMATED ACCUMULATED POWER REDUCTION VALUE
(EAPRY), determine whether there is a need to repeat a loop of steps similar to those
shown in Fig. 8A. Ifthe sum is not deemed sufficient to reduce congestion, further
connections are picked from the CONNECTION IDENTITY LIST of Fig. 9. If one of
25  those connections is a second RNC 2221-controlled connection, the ESTIMATED
ACCUMULATED POWER REDUCTION VALUE (EAPRV) is updated. Once the
RNC control unit 242 of radio network controller (RNC) 2229 determines that the sum
of the actual ACCUMULATED POWER REDUCTION VALUE (APRYV) (for RNC
2223-controlled connections) and the ESTIMATED ACCUMULATED POWER
30 REDUCTION VALUE (EAPRYV) exceeds or equals the difference D, a single
CONGESTION MESSAGE is transmitted (also depicted by arrow 5-8 in Fig. 5) to
radio network controller (RNC) 2221. Such CONGESTION MESSAGE identifies the
number of RNC 2221- connections requiring adjustment; identifies the specific RNC




radi o network controller (RNC) 2221. Such CONGESTI ON MESSAGE identifi.es the
nunber of RNC 2221- connections requiring adjustnent; identifies the

speci fic RNGo 99rs73s o _ PCT/SE99/003031 6

2221- connections requiring adjustnment; and provides the adjustnment anmounts
for each such connection. In this ternative, the CONGESTI ON MESSAGE
of Fig. 7A is thus nodi fi ed to | nc}1 cate the nunber of connections

i nvol ved iyh m @nﬁ; 710B
bei ng provi aLd or eac%é uc g%Juconnéc 8%&5%&&&&%&43&0&&9@&%358' on
now- cont i isudscaunestion: dnithisal mﬂve,MQNGﬁﬁmmAﬁﬁ@fFlg 7AeISfthl¢St of a

COCEST SISO e ey B SN,

t hr ough sms&ﬁﬁdmthrmmérﬁcldgﬂdﬂwarlobmmgmleql&rumghm control unit
242. 1g A% ﬁllil &BorA- 9 the RNC control unit 242 of radi o network controller
(RNC) 222 adj usts the paraneters for the connections which
require adjustnment. For the first node represent ed by Fig. 8A, the

connections requi riDijcastjonxiovecintinacewitt @nd retéptidnpyeneral prdddbsing andol unlt

'ZI'ﬁtza ggr ;ﬁg@?@eﬁﬁ@ﬁﬁgﬁ?ﬁ &@E{Sg&&%&-{_%c%é “215 g‘? E’&ﬁﬁﬂﬁ%& %tStB? P}ng'g°9 -educt | o n

factor, 1%pon reédi taffrtm CONGESTION msmEpme CONGESTION MESSA@Risf act or .

e e gha ﬁa“ua{? b spbles (R zed B RBBIC bonkih Bt 342,

under sfpootishpt SA-9 the RNC canttol chit Q42 bffzhdib nﬁtwbﬂchmmﬂem@mcpm rthed er (RNC)

2221 may perforymthe mai ni ng. st eps..of FEi Iua bile
2o ons. BAR ek bltimeters o HENBR 0ol SE-rkaThSa bRl BbEIHER o°
step 5A- 1@:1cﬂ‘d®emsmteﬂ byRigt 8A, the codiectionsrequiringiadjustment Mlvere:uletmﬁbd By (RNO

2L A B R T M 6 R i

adj ust ed @A)nEh¢ parametess which arccalljisfedacanche, for xdmple, #bigratredudtion\actor,

contr o o HegtEs 18 Jieredl il BE Qe etk Bl 000 70 1t 0 metwork

controller - (RNC) 2222, through the base station, and to the nobile
station (as indi Cat’?ﬁbi&)ﬁaﬁ&?oﬁhe ste%ésﬂ&)nm@@”SA@H&#ﬂhpEﬁ)ehﬁﬁo%fa
ADJUSTMENT MESSAGE wi th the | owered bitrate, bile statjion 220

| over s i t $opgastign gontrol adjustment for one mObILQs?t%‘HB\%Oby 3§‘P Amgorstqaddhatont r of
unit 242 ¢ave eentrdldindt mtdﬁédio network controller (RNC) 2221 may perform the

remaining steps of Fig. 5A for plural mobile stations. .

20 - After making the adjustment at step SA-9, at step SA-10 RNC control unit
242 causes radio network controller (RNC) 2223 to prepare a MS ADJUSTMENT
MESSAGE which is transmitted (represented by arrow 5A~11) to the mobile station
involved in the adjusted connection. As depicted by arrow 5-11 in Fig. 2, the MS
ADJUSTMENT MESSAGE is routed through the DHU of source radio network

25  controller (RNC) 2221, ovef__Inter-RNC link 232 to target radio network controller
(RNC) 2225, through the base station, and to the mobile station (as indicated by step
5A-12). Upon receipt of the MS ADJUSTMENT MESSAGE with the lowered bitrate,
the mobile station 220 lowers its bitrate.

. As shown by step 5A-12, RNC control unit 242 causes radio network
30  controller (RNC) 2221 also to prepare a Target RNC ADJUSTMENT MESSAGE



30 . contr.oller (RNC 2221 al .s'o to prepare a Target RNC ADJUSTMENT MESSAGE

17 which is transmtted (represented by -arrow 5A-13 in Fig; 5A and nore
generically ago9wasrssarrow 5-13 in Fig. 2) to target radi o netwsks/oesos
controller (RNC) 2222. For the connection whi ch was adjusted by the

conpani on M5 ADJUSTMENT MESSAGE, at step Zf ' the Target RNC
ADJUSTMENT MESSAGE updates the Bitrate fielfd in the 5 CONNECTION I DENTITY
LI ST of Fi g.wifich'® tfdrdiriiesh gg%kgﬁt%&ewﬂ-wmhg%x aatimore @ﬁpa&ad' 0

net wor k contr ol I er._((RNC) has ned

above~ how, i46FoPhe-13dn §is 2) totazestradip neworkicgnwollsr (RNC) 2222 1F|0r thﬂ qeptection

target radi Qyiigh Was kdjasielby!thetorh: RS A DISISTMERTMYITSRIA G2 5N
controlled by source_radi r(I)Dgnetw(t))r COII’lltI’O| | er éRNC) 2221 re u??g&bﬂﬂ

adj ust ment , Bhdargst BN aDJUSIMENT MESSACH ¢ Bitsate IQRM@ 2221
accor di ngl y QONNECISONESENGMTY LISTVESH Fmabansoby 4 RRE! ﬁ@i%gfi%zof

controller (RNC) 2221 makes the adjustnents, and sends t
ADJUSTMENT N@r8 ORRAWPHCC a#a{@ JSTMENT MESSAGE accordi ngly.
The M5 ADJUSTMENT MESSAGE causes m)bi | e station 220 to reduce its

power, which hel ps altﬁ\ tet esti.on oQc rr| nce 2

The second node of th g?ﬂ? a’ﬁ% SO, 1nhg co §°§P%%lst “1“°°f
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5A-5 0 | [,St Howe t he secon
mode of the ﬁ@gﬁd E@ﬁsa{trce ragﬁ ehpork 'ﬁ%’ “f‘fh!\g)eﬁm TepER 2 %‘F“S@?t’ ticul ar
congest i ®n cadmisemomcnmdrmqmm cmmbllas(RNC) 222 jeqecbidingly mﬂf DCMESTRM@
control unit rolle nce the RNC
control uni tMggg Q%E ﬁge}%uﬁ Q‘%ﬁ{%ﬁ%\gﬂ{kr Pe;%m)% 6&“%@’3@&!
connecti ons mdmendmmememmmmmsmmmmaxgamcmm s the
Sour ce a nths ard, in
The second MGESADE fEetdiidly Me NS WIS TBRACRESSN G Ruleht ocifiE Stafton

i ncl ude an i226r0 réducaits power, widtlebelpsialleviate tercongestion, ocbudringria ced @279)3.

i dentification of a congested area (e.g., cell 2272,3) within 25 the region
supervi sed by radio network controller (RNC) 2222, as well as a severity

val ue i @i cating the The iscrad smnde qfélw@ymon(amhm in Figr5Brhas Staps §8-RNC
that is needml,th 5B-3 ﬁhidﬁearéeikﬁﬁ‘ﬁélﬁdidﬁﬂléal d\éiée;? J% 5’&% mode of the
st of ste

i nvention has s 5B- 9A and -9, dince the

RNC cont r ol rﬁﬁﬂeim of the first quqéﬁigr ﬁAl-OHPWGY‘Pfeﬂle second mpy ofthe invesfiont
t he connect idg@fférs i the SmphiniitAtbn of3f} particular congestlon cbhtdol éﬁnﬁ@@g@m&& 450" €

O e R SR o R, O Lo s i G0 518,

20  since the RNC control unit 242 of radio network controller (RNC) 2225 does not select
connections controlled by Source RNC for adjustment, but instead alerts the Source
RNC of the fact and degree of congestion. In this regard, in the second mode of the
invention, the congestion message does not include an identification of selected
connection, but instead an identification of a congested area (e.g., cell 2273 3) within

25  theregion supervised by radio network controller (RNC) 2225, as well as a severity
value indicating the interference reduction (in dB) from the Source RNC that is needed
in the congested cell. Moreover, the second mode of the invention has steps SB-9A and
5B-9B instead of step 5A-9, since the RNC control unit 242 of radio network controller
(RN C) 2221 selects the connections to be adjusted.

30 Fig. 8B shows in more detail the congestion control routine of the second
mode as generally depicted by step 5B-6 of Fig. 5B. Steps 8B-1 and 8B-2 of the



18 second node are simlar to correspondingly enunerated steps 8A-1
and 8A-2 of the first node, e.g., conputation of the differential D
~and initialygddisesy of the ACCUMULATED POVNER REDUCTI Ghbristbadses | N
contrast to the first node, the second node includes step 8B-2A and
step 8B-2B. At step 8B-2A, the RNC control unit 242 of radi o network
controller (RNC) 2222 deternines the cc}#gestlon severity. " At step

8526, L NG G MY 40l 28 e il AT LA A SRNA 3 ol o N 222

det er m ne$ er cong es ion co ur e %e Tar get .
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ext endi ng r
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of step 8B-3). After p| cking a Target RNC--control:l ed connection to

reduce, RNC control |t 24 ra net controller NC),. 22
perforns steps 8B- SInt ﬁg%%ra@etw(&'ﬁmﬁ@feé p%artegég ﬁi’l“é'iea)w
nunbe Er3 1gd 5%I1ﬁdii§t§ congesﬁén ]:fs tép3r8B4g M&glgsmse&a peﬁmcbby RN(Id &vnﬁgr ﬁqazﬂz ?t
step e.bitrate o on re t he factor
R e st ot BNtk pntraller GHES P2, o 68 £ Sbe RN obrifol 35 8% o 1 <
C 33 ngCt | Oitadié nework cadtesller QRNC?IZZ picks; Brom ﬂibEC(DHﬂIBﬂTIQ)Ig] IDENTEPYS8B-6 is
added to TED P Then, a step
860, || KIARLEFLRIEGR, b cpmee S TR R
REDUCTI ONciitrélier (RNRRY2226) mhbich onrrentlyaesds thethiglibisf biatatent The cdanettichs, t hat 25
congestion ha ff1ci educ If congestlon
has belin  SaRFGAN S Spiiet RNC (S BT Aithark saptolier(RNC)2221) are
congest i ofinvodvidrinithe detédnminatidn afrmap@-ahd Atﬂ::dpmkmgaad‘angdt RNCramtrofiedit ed by
step 8B-9.
>eabooq, ERmept el WA o805 unl 245 VARG MNP BROIBLINE} 854 o
2222 r et uperfotms steps 8RB thvdugl 8BS, wdnchma wampanabhfto%ﬁmlm'l}mymhered\ stepol | oned
by a further ' roIIed
connecti oﬁg‘ %&%‘é%@é @S%B'r g[ﬁ g %ﬁiﬁ %tegﬁggﬁhg%tg Ofth dd As
20 connection is reduced by the factor R. At step 8B-6 the uplink power redu_ctlon 1n cell k

caused by this connection is calculated, and at step 8B-7 the reduction of step 8B-6 is

added to the ACCUMULATED POWER REDUCTION VALUE (AFRV). Then, at

step 8B-9, like at step 8A-9, it is determined whether the ACCUMULATED POWER

REDUCTION VALUE (APRYV) equals or exceeds the differential D (i.e., that

25  congestion has been sufficiently reduced). '

==

If congestion has been sufficiently reduced as determined at step 8B-8, the
congestion control routine of the second mode is exited as‘represented by step 8B-9.
On the other hand, if cohgestion is not sufficiently reduced, the RNC control unit 242 of
radio network controller (RNC) 222 returns to step 8B-2A for a recomputation of
30 congestion, followed by a further evaluation at step 8B-2B whether Target RNC-
controlled connections or Source RNC-controlled connections are to be adjusted. As



19 . expl ai ned bel ow, the decision at step 8B-2B may change from Tar get
RNC- control | ed connections to Source-RNC-control |l ed connecti ons.

If it is detewoiomesismt step 8B-2B that Source RNC-control | edcasrogsasezons
are to be adjusted, at step 8B-20 the RNC control unit 242 of radi o network
controller s (RNC) 2222 sends a CONGESTI MESSAGE (having the format of
Fig. 7B) to radio network controller "(RNC) 2221. The format of the

CONGESTI ON Mi%ﬁﬁﬁfd@éloﬁi,ﬂxe declsiond® sRPRE-DB r?ﬂﬁélf’ahﬁ i &g@e RNCEE e
controller (RNC) 2221 upon receptio%pt her eof | ggl‘g d.II‘S usse e (%J\;\lfd
Thus, “the seROBABCHANdO §oprce RNErcopirelled ¢anneetionsde i n not i nvol ving 10
connections controlled by the Source RNC in the connection picking step

8B-3. The second de,alsa differs_fr the fir de in . that RNC
control unit 242 of réﬁﬁ&sd&eﬂmﬂﬁ %‘?@%‘%‘%ﬁ urg _'M@Qﬁ?nﬁﬁc@ﬁ‘;‘/
Eﬁl iCnt , C hololmre bebeedjnstSdat steprEBs20 the RNGCnmA&al Lssiel }21¢2> of lﬂﬂifd ﬂ&lﬁoﬂ{d_ Ebntidlget
-contr ctiqQns [ | tc ro justing ..
Target R SNCERFEGBERE cONaRSTHOMMESSAGH {rafihe e fomab BhiicsBbts fio
connegt i ons retworknquintrolier ﬁij)Gyzztge The ficrinas of the @NGWA@%%.
according t C o an pe fri e of severa riterta.
For an %eégﬁ%ﬁ% ogzgg%wg ‘ﬁ’;ﬁ‘g‘o g@r*(tcg&l?@crgﬁg@w& FPPR IsEption theppof
t ransm ssi orareflischssed belowCONGESTI ON MESSAGE of t he second node can be
triggered by the Target RNC havi ng adj usted all of the Target

RNC-control | ed connections above a predetermnmned 20 power |evel, but
wi t hout successful | y Adusdhesecondmodeidiffers fropetherfitstonadpinanasinwlving

criteriag s donBeckithn9eb @@f@y' | P EI'%E% R 0f itS
Tar get RNC © cont rI(l)I e oir}llﬁgg tﬁ@g‘r@e%@&{oﬁﬂ@&%%&ﬁﬂg g%‘\l\;livh? n
Fig. 7B, theceondansds aiso difbmafomthefivst medaindhatdRNC controlofnit 242 ofiradiot i on
includes a RewedkSoniBic GAIE) 39 hO& (& HOREY i [ tifier 25
of the source RNC 2221 (field %%%ngéah’a%%lg?r?t |tT'|£Heor%E%??t he Fg\?fg&g C 2222
(field 707B)controlled gonnegtionsandokargat RINGwontrolied-¢pnnections der redjictionmeh switth el d
710B); and, fhorkakijistingYaspet RNT-66 ' 254
[field 720B] (i.e,, t%e_hii:g%t erfer e%%oge?ggﬁlgﬁciﬁgﬁgﬁ @u g?ragrnﬁ%%qé "{ok'g%gg?lr ce
RNC t hat 15 s GPBBERNS (s implemenied by thedtnsission ofieCONSRITONMESSAGEbOVe
descri bed, tdogor@iiAEH¢ SRoNE FRASFcaPIY &igBBlel By hnl Of SEVeral Fiferia> Fdb 41 CN
example of one type of criteria, the switch resulting in transmission of the
CONGESTION MESSAGE of the second mode can be triggered by the Target RNC
having adjusted all of the Target RNC-controlled connections above a predetermined
20  power level, but without successfully reducing congestion. A second example of such
criteria is the Target RNC having adjusted a predetermined number of its Target RNC-

controlled connections.

As shown in Fig. 7B, the CONGESTION MESSAGE of the second mode
of the invention includes a message type identification field (field 700B); an identifier
25 of the source RNC 2221 (field 706B); an identifier of the target RNC 2229 (field 707B);
an indication of a cell which requires adjustment (field 710B); and, a value indicative of
the severity of the congestion [field 720B] (i.e., the interference reduction (in dB) from
the Source RNC that is needed in the congested cell). In the example scenario above
described, the CONGESTION MESSAGE would pertain to cell 2279 3 in which
30 congestion is occurring.



30 congestion i-s occurring. :

20 It should be understood that, in other enbodi nents,

t he CONCESTWéRbris73ss MESSAGE can include reference to norepdrisigosaes cell. In
such ot her enbodi nent, for exanpl e, a nunber of cells can be
specified, and for each cell there be vided a cell Identifier as
wel |l as a desired adjustnent anount. Upon reception at

source radi 0 net wor sEall be uh@érstoblihat, éﬁ%ﬁer%ﬂ%gglm?m%ﬁg@é HERACE 'S

routed through svmtch 240 to RNC contr uni t radir o network
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CONNECT] ‘%ﬂ&gﬁ\,\’ﬂ?&{%’ F%ﬁﬁ}?z% | PRl G Lﬂfaﬁ]gf 10 petwprkii ng a
Connect i omoﬂnﬁ)llerQRNC)aZIp,rh;ﬁtg aRbited toadcdurrencEeff congastidreincthe aelBidehﬁﬁé‘df ield,
a Bit Error { nner as
radi o net \%ﬁg%cﬁlqpr # §th? ?% %@t?or%e secg&%&oggﬁﬂm%es%qﬁ&mqqq 0 i ons
whi ch 1ot «:e]rb,tomtrbm by sarepmdRbrddwolk contrb IGERNE) 222 |, shohldbe &djustbd IWNC
control unit, 242 r adi l e RN ks on or 20
nor e connégfi%lﬁsraﬁ} OIM@%M i‘ﬁ& %&HW&
10 havi ng QONNECIIEN VIA TARGERRINQHDENTERY 1A8T avljiclsit athintaines der to Iessen

t he congestion severity in cell -k. RNC 2221 .can cal cul ate or predict a
rough figure of the expected reduced upllnk interference in the

congested cel | . ThiAn exanaple fermea of a repsesentative CONNECTION VIMTARGE e
di stance RMGEORNTIPYII5TSs stitfwrl in tfmxmcﬁlastakh%oi\@ f@et e base

station 25 that controls the con este céll,. and (2) the upl i nk_ power used

by t hé5paCGONNESTIANYIA TARGETRNG IPENEITY, 48T has several fishdsoinshdings anet er ) -
was adj UsiCRgnection ID ﬁeld 2 Target RNCAE 2 Al BY k1] #Bitfdte HeRDa B BAo R4k
connections, jn cell justed, at step 5B-9B RNC
control ufield, on aael%ﬁﬁ ér W%eéwwa%m)wwork opntroller{RINGX: t he
Second ﬁé‘m O e onut suons “ﬁ‘?"?&g‘ﬁi‘*{%‘ﬁm“f’g *BBWE"S%“ e 10
sends a wg‘ Z@%SM@ i @g‘é 22 haic %%ﬁgtp 5B- 12
sends 29N more connections from CONNECTION VIA TARGET RNC IDENTITY LIST of Fig.

10 having the highest bitrate and which can be adjusted in order to lessen the congestion

severity in cell k. RNC 2221 can calculate or predict a rough figure of the expected

reduced uplink interference in the congested cell. This calculation can be based, e.g.,

on (1) the distance between fhe cells, or from the mobile station MS to the base station

25  that controls the congested cell, and (2) the uplink power used by the particular mobile
station MS whose bitrate (or other parameter) was adjusted.

After determ_ining at step 5B-9A what connections in cell 2273 3 should
be adjusted, at step 5B-9B RNC control unit 242 of radio network controller (RNC)-
2221 adjusts the pararnetérs in much the same manner above described with respect to

30  the second mode. Then, accordance with the adjusted parameters, at step 5B-10 sends a
MS ADJUSTMENT MESSAGE to mobile station 220 and at step SB-12 sends an



- 21. - Target RNC ADJUSTMENT MESSAGE to target radio network controller

(RNOC) 2222, both in |Iike manner. as above di scussed with respect to the
first node. wo 9945735 As a variation of the secondrpow@gyodoive RNC
control unit 242 of radio network controller (RNC) 2222 can perform

steps nmuch akin to Fig. 8A rather than Fig 5 8B, and in so doing at step
8A- 10 send the CONGESTI ON MESSAGE of Fig. ]78 rat her than the

congest i on wg%éme fAIBTUSTNAENT MESSAGE to target radicn@twétk cof&eé (RNt the
CONGESTI ON NE CE Is _ﬁent from %n§ ) ;’cgr et RNC that _bhas a congest ed
cell, -to ev«%@2§l\‘l@‘t"hh € mapner asabgve diseysy mlhm@pecttotherﬁéﬂmdget RNC has a
list of RNCs that nay act as a Source RNC for connections using 10 radio
resources managed by %ﬁhe tar

et C. : Th i .
accordance with the ctfidet aﬁﬂn85%’98?@&%%’&1?@&“%81@2%&“&0
L\Rvention, ?eﬁmmiumﬂ\am_ %'22&mw9§%§;9£m§§mﬁm ggig?%ﬂﬁggdes,

en conges n_Qccurs ..in a ce er.V. . .,
2222) but f B> and in 5§ foing R sfep 8A- 10 Send the FONUE &nd her
exchange ( e.rgther bl ti2ébhgestidremessag@dEFGITAN MESSACGE can be sent over a
common channel signalling link of a signalling network or as in-band

signalling. The CONGESTI ON MESSAGE can be sent individually for each
of a nunber of connechtthasecandmods, thesCONGESTION MESSAGE is sint fromaanyw el y

i ncl ude con el | @p@_ﬁ |
VWi le the i %ﬁ%ﬁ@%@%ﬁg&%ﬂ ssgdic%iel’ctjl{oiaér‘{e onngﬁbéﬁﬂ%a?tﬁasmﬁg? g R%C‘
present |y cokhsitaeebBNCohasen kist of RNGs thatmway actlas arfpupredRNErfor cenmisctionsasing i t
is to bggy o ig?%ﬁ?&@g&ﬁg@&@ﬂﬁtgﬁﬁ?ﬂﬂ@n is not to be limted to the

d en%% i ment, but on the

di scl ose contrary, is intended to cover
various nodifications and equi val ent arrangenents I ncluded within the
spirit and scope of the appended cl ai ns.

Thus, in accordance with the congestion control techniques of the present

invention, a CONGESTION MESSAGE is sent between exchanges, e.g., RNC nodes,
when congestion occurs in a cell supervised by one exchange (e.g., RNC 2227) but for
which radio resources have been allocated by another exchange (e. g.,::RNC 2221). The
15 CONGESTION MESSAGE can be sent over a common channel signalling link of a
signalling network or as in-band signalling,. The CONGESTION MESSAGE can be
- sent individually for each of a number of connections to mobile stations, or can
alternatively include congestion indications for plural connections.

, While the invention has been described in connection with what is
20  presently considered to be the most practical and preferred embodiment, it is to be
understood that the invention is not to be limited to the disclosed embodiment, but on
the contrary, is intended to cover various modifications and equivalent arrangements
included within the spirit and scope of the appended claims.



22 VHAT |'S CLAI MED | T A tel econmuni cati ons networ k

havi ng a target exchange ll!lmmlhlﬂlﬂuu@gma congestion condition in a
regi on supeywoiosmsiady the'ty L , and whi ch sendsp@r/seosn@piIgest i on
nmessage to a source exchange, the source exchange controlling connections

which utilize radio resources-in the regjon supervised by the target
exchange, which 5 congestion nessage catuses the source exchange to adj ust

at | east PS¢, . it controls in the region supervised by
t he target s, 2. The tel ecommuni cati ons network of

clarm 1, wherein the target exchange determ nes a sel ected connecti.on
to be adjusted . in view of t,he,congestkgn condition, and __ _wherein the
congesti on nesdagh tlerommunications netyeqrk having a dargetaxchangegvhieh defprmingsia

3. The t el @mgestioniconditionin Aeé KupRbviSddtythe tar hahgk NghdGRRIER SEddRa
message I'nc] udes an adj ust nent. val ue for the sel ected _connection to be

adj ust ed, congestion message o agourae F sQrPoFRehaRgs RankrollingSoapestipns
wher ei n t hghRHutiERORIdIo ¥BbWEed ithe regidnip&®ised byeheRPse ekdiafigd, wicpover

reducti on val ue, 5. The tel ecomﬂdnl cations network of_ claim 2,
wher ei 1P t HRONEETHPBIMGSSHEe RAuses fhe sourcs exchange; te adist atleast encconaectiasywhichi ons

to be adj Ustefirols in the region supebviseli sy the k2 gétextiinga!t i ons network of claim 1,
wherein the congestion nessage i ncludes an 1dentification of a

congested area within the regi on supervised by the target exchange.

7. The tﬂ ecompITiRatleoftamuaications metwerkaEldim Niviepdin tHettrgeptidfagd area is
a ce

) 8. The telecqommunicatio networkK of ¢laim®6
Sher ei n t BB Solrtediongion't5 b AURTIEGLY B Glah FemEesHarcRongitcm, B
congest ed vali&ein thé toigestiditmesgpoidefitifiey thie selectéy cordmection totberadpistedx change.

3. The telecommunications network of claim 2, wherein the congestion meésage
includes an adjustment value for the selected connection to be adjusted.

4. The telecommunications network of claim 3, wherein the adjustment value for
the selected connection is a power reduction value.

5. The telecommunications network of claim 2, wherein the congestion message
identifies plural selected connections to be adjusted.

6. The telecommunications network of claim 1, wherein the congestion message
includes an identification of a congested area within the region supervised by the target

exchange.

7. The telecommunications network of claim 6, wherein the congested area is a

cell.

8. The telecommunications network of claim 6, wherein the congestion message
includes an identification of plural congested areas within the region supervised by the
target exchange.



23 . . 9. The tel ecomuni i rk of claim®6, wherein the
congesti on nessage i ncl ude%lﬂﬂ!limimﬁlimllma I ndicating a severity of

t he congesti omoPIMsTIsSe congeste L g TR 10, The PCT/SE99/00303

t el econmuni cati ons network -of . claim9, wherein the severity value is

indi cative of a needed decrease in congesjjon in the congested area.

11. A nethod of operating a tel ecomruni catlons network conpri sing:

det er mi ni 39, at o, E'ﬁ!ﬁeg?leoaﬁ?hﬁﬁm;ionﬁn@twmafu@im 6OWHErei e Icangegﬁsﬁ h%%sage
supervised e tar exchange; ) reparing and sendi ng
from fhe taﬂ%?g%mm yeindicatngn smgeﬁlﬁ&oag%% O épthe copgestuthaea- t he

source exchange controlling connections which utilize radio resources in

t he regi on superyjs by the target exchange, . . . lhe source |
exchange resppnd?{hgeﬂ!?‘%W@ waggg@%dflﬁ“ Sdyheret : e Tty 8‘_?486 18
connect i on \Midie4tivielsT abiétl €@ deo¥edia id CorfpRidrointhé BorigtStel @gaON super vi sed by
the target exchange. . . 12. The nmethod of claim 11, further
conpri si ng: determ ning, at the target exchange, a sel ected

connection to beiladjAsietiod 6f ofiefiting a teRCombBiniAtBASAdtHOrIECRApidigg: and
I ncluding in the ,congestion nessage an identifjcatiqp, of, the selected

connection 5 todgfeTmng, @kq target exchange, a conggstioncondition g agegion spperyised
further conpyithé Bggdtesthigigg i n the congestion nessage an adj ust ment
value for the sel ected connecti op tq, be adju 14. The

t ed. .
met hod of cl ai m PEPatingaRd sending from fue facest eg;éﬂqgge]a&pngwgog geggagedo a source
connecti @n iexckange)he so@rde ekdhangy odrtevlling connections whidputillEradRy fegstreés ial ai m

12, conpri si i ncl uding i.n the congestion nmessage pl ural sel ected
connect i ons tﬂ%reggnéﬁljpﬁlgf?ﬁ}%y ¢ targel Exchange;

the source exchange responding to the congestion message to adjust at least one
connection which the source exchange controls in the region supervised by the target
exchange..

12. The method of claim 11, further comprising:
determining, at the target exchange, a selected connection to be adjusted in view
of the congestion condition; and '
including in the congestion message an identification of the selected connection
5 tobe adjusted.

13. The method of claim 12, further comprising including in the congestion:
message an adjustment value for the selected connection to be adjusted.

14. The method of claim 13, wherein the adjustment value for the selected
connection is a power reduction value.

15. The method of claim 12, comprising including in the congestion messé.ge
plural selected connections to be adjusted.

16. The method of claim 11, comprising including in the congeétion message an
identification of a congested area within the region supervised by the target exchange.



16. The method of claim 11, conprising including in the congestion nessage .

e o AT " " e e e e

17. The nethod of claim 16, whérefn ¥hée cdngested area is a cell.
18. The method of claim 16, further co éi sing including in the congestion
nmessage an identification of plural cogg sted areas within the region

Sy e TR BElncR UUARAT, wherein the Lohgelli JBLOQLA! ©1 2 M 10

further conprising-in & conges nessage a severity val ue
I ndrcating a severity of the congestion in the congested area. 20.

The met hod of gleai - 0 tile |1V |18 QG j ve.of a
needed decr easgsf nﬁ(l:%%eteh\se@?%ﬁlalﬁﬁ 1![3 hgﬁ@éﬁ%&éﬁsﬁfg&glgdﬁng' lﬂ%&%ﬂg\é&&
message an identification of plural congested areas within the region supervised by the

target exchange.

19. The method of claim 16, further comprising'including in the congestion
message a severity value indicating a severity of the congestion in the congested area.

~ 20. The method of claim 19, wherein the severity value is indicative of a needed.
decrease in congestion in the congested area. :



