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DI VERS| TY HANDLI NG MOVEOVER FOR CDVA MOBI LE TELECCNNUNICATICNS BACKGROUND
Thi s patent vppda@ation is related to United States Patent g@s}ogﬁ"SN 5
08/ 979. 866 (attorney docket: 2380-3) filed sinultaneously, enti
"Multistage Diversity Handling For CDVA Mobile Tel ecommunications ", which
IS incorporated herein by reference. 1. FIELD OF THE | NVENTI ON The present

i nvention pertains to tel ecommunications, and particularly to 10 any
cellular/nobile tel ecomunications usin iversity (soft) handover, such as
occurs in spread spect rREVYERSEDY HAND GUM(D EBOAEERss ( CDVA)

technol ogy. 2. RELATED ART AND OTHER CONSI DERATI O\IS In nobile

t el econmuni cations, a nobile station such as nobile tel ephone comuni cat es
over radi o channel s y S ' | | lurality of base 15
stations are, in tur\#,éﬁl eiﬁﬁf’eﬁ@&iﬁ ..beé&ﬁé@%wmwéwlémﬁg center.
The nobile switching center is usually connected, e.g., via a gateway, to
ot her tel econmuni cation networks, such as the public switched tel ephone

net wor k.
BACKGROUND

This patent application is related to United States Patent Application SN
5 08/279,866 (attorney docket: 2380-3) filed simultaneously, entitled “Multistage
Diversity Handling For CDMA Mobile Telecommunications , which is incorporated

herein by reference.

1. FIELD OF THE INVENTION

The present invention pertains to telecommunications, and particularly to
10 any cellular/mobile telecommunications using diversity (soft) handover, such as occurs

in spread spectrum or code division multiple access (CDMA) technology.

2. RELATED ART AND OTHER CONSIDERATIONS

In mobile telecommunications, a mobile station such as mobile telephone
communicates over radio channels with base stations. Typically a plurality of base
15 stations are, in turn, ultimately connected to a mobile switching center. The mobile
switching center is usually connected, e.g., via a gateway, to other telecommunication

networks, such as the public switched telephone network.

In a code division multiple access (CDMA) mobile telecommunications

20 system, the information transmitted between a base station and a particular mobile



In a code division nmultiple access (CDVA) nobil e tel ecommuni cations 20
system the information transnitted between a base station and a particul ar
mobile  station is nodul ated by a mathematical code (such as spreading
code) to diV¥@PHYIfsh it frominfornmation for other nobile stPETYSEAY02BY ch
are utilizing the same radio frequency. Thus, in CDMA, the individual radio
| inks are discrimnated on the basis of codes. Various aspects of CDVA are
set forth in Garg, Vijay K et al., lications of COMA 5 in
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coverage. The nobile term nal can thus recelive and use signals f
base stEhus)ms COHMA, tthe audircidyal vtiiodinksrare disorimindted oadhobasiy of csdeent changes
lo rapidly, a nmobile station likely has radio channels to several base
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high. This utilization of radio channels.fromnultiple

In addition, in CDMA mobile communications, typically the same
baseband signal with suitable spreading is sent from several base stations with
overlapping coverage. The mobile terminal can thus receive and use signals from
several base stations simultaneously. Moreover, since the radio environment changes

10 rapidly, a mobile station likely has radio channels to several base stations at the same
moment, e.g., so that the mobile station can select the best channel and, if necessary,
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 from multiple

base stations by a mobile station in a CDMA scheme is termed “soft handover.”

15 Fig. 1 shows a radio access network (RAN) 20 which' comprises radio
network controllers (RNC) 227 and 227 respectively connected to mobile switching
centers (MSC) 247 and 245. Radio network controller (RNC) 22 1 is connected to base
stations (BS) 2611, 26 2, and 261 3; radio network controller (RNC) 223 is connected
to base stations (BS) 267 1, 267 2, and 262 3. At the moment shown in Fig. 1, and for

20 reasons summarized above, mobile station MS is shown in Fig. 1 as having radio
communication with two base stations, particularly base stations 261 2, and 261 3. The
lines 28] 7 and 281 3 each represent a communication path. Specifically, line 281 2
depicts both the radio channel from mobile station MS to base station BS 261 2 and the
land line link channel from base station BS 261 7 to radio network controller (RNC)

25 22¢; line 287 3 depicts both the radio channel from mobile station MS to base station
BS 26 3 and the land line link channel from base station BS 26 3 to radio network
controller (RNC) 221. In the case of both lines 281 7 and 281 3, the land line link is
connected to a diversity handover unit (DHU) 301 of radio network controller (RNC)



base stations by a nobile station in a CDVA schene is ternmed "soft
handover." 15 Fig. 1 shows a radi o access network (RAN) 20
whi ch conpr wees/2radi o network controllers (RNG 221 and 222 respsdbioxchy
connected to nobile switching centers (MSC) 241 and 242. Radi o network
controller (RNC) 221 is connected to base stations (BS) 261,[err],

261, [err], and 261,[err]; radio networlk3d controller (RNC) 22[err] is
connected to base stations (BS) 262,[er], 262,[err], and 262,[err]. At the
monent Awn in Fig. |, and for 20 reasons sunmmarized above, mobile
station M5 is shown in Fig. 1 as having radi o communi cation with two base
stations, particularly base stations 261 [err], and 261,3. The Iines 281,2
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utilized by a mobile station. The splitting occurs in the sense that information directed
toward the mobile station is directed along the plural parallel legs to differing base
10 - stations. Information received from a base station may actually be obtained through
several of the legs (e.g., from several base stations), in which sense the diversity

handover unit (DHU) 307 serves a combining function.

Fig. 1 illustrates the simple case in which the different legs of the
Is  connection, represented by lines 281 2 and 281 3, are for base stations BS all of which
are connected to radio network controller (RNC) 221. However, should the mobile
station MS roam sufficiently to pick up signals from another base station controlled by
another RNC, e.g., into or proximate a cell handled by base station BS 26 1, for
example, a more complex situation occurs as shown in Fig. 1A.
20
In the situation depicted in Fig. 1A, the mobile connection involving
mobile station MS employs base stations belonging to differing radio network
controllers (RNC). Such situation involves a different type of handover -- an inter-RNC
soft handover. Inter-RNC soft-handovers are made between two or several RNCs. In
25  the particular situation shown in Fig. 1A, an inter-RNC soft handover is made between
radio network controller (RNC) 221, which is also known as the “Source” RNC, and
radio network controllers (RNC) 225, which is also known as the “Target” RNC. Radio
network controller (RNC) 22 is the Source RNC since it has current control of the
mobile radio connection. The Target RNC is an RNC, other than the Source RNC, that



3 221. Thus, as depicted with reference to Fig. 1, the nmobi | e connecti on
with nobile station M5 potentially utilizes several "legs", éach Ieg belng
represente 5 1lines 28 [err] and 28 [err] in the case of mob

h
station NS%¢)¥3§7§?1 1. As the overall connection between rmb."Fé‘%‘»P%{?%l% S

and any other party is viewed, the diversity handover unit (DHU) 301 serves
essentially both to conbine and split fhe different legs utilized by a
nobil e station. The splitting occurs in the sense that information directed
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differing base stat1 ons. ormation recel froma ase station may
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described, for example, in International Apphcatlon Number PCT/US94/12419

(International Publication Number WO 95/15665).

10 Thus, 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 liné 282 1.
The leg represented by line 283 1 includes the radio link betweeﬁ mobile station MS
and base station BS 267 1, as well as the information pertinent to the mobile connection
which is carried over inter-RNC transport link 32.

15

As mobile station MS continues to move, it may eventually occur that all

of the base stations utilized by the mobile station are served by the Target RNC 229, as
is pictured in Fig. 1B. In such case, inter-RNC transport link 32 must carry both legs of
the mobile connection, represented by lines 287 1 and 283 7, respectively. Carrying

20 multiple legs of the same mobile connection undesirably demands further resources
from inter-RNC transport link 32. In Fig. 1B, diversity handover unit 301 handles all
combining and splitting operations, even though no base station owned by Source RNC

221 is employed by the mobile connection with mobile station MS.

25 For the situation shown in Fig. 1B, resources of inter-RNC transport link
32 can be preserved if the diversity handling operations are moved to Target RNC 22.
Utilization of inter-RNC transport link 32 would be reduced in that, for example,
multiple packets destined in parallel for base stations BS 26] 2 and 267 7 need not be

carried on link 32, but rather a diversity handover unit at Target RNC 225 could instead

HATRA



20 In the situation depicted in Fig. 1A, the nobile connection involving
nobi |l e station M5 enpl oys base stations belonging to differing radio

net wor k centwodok2ersad ( RNC). Such situation involves a differepcrisiHnsgonts
handover -- an inter-RNC soft handover. Inter-RNC soft-handovers are nade
between two or several RNCs. In 25 the particular situation shown in Fig.
1A, an inter-RNC soft handover is nmade Setween radi o network controller
(RNC) 221, which is also known as the "Source" RNC, and radio network

cont r ol Iperformpthesphitting. whisithilarecanemykasits inhaving 2 diyersity handoverramit at
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sof t - handovers, the radio network controllers (RNC) 221 and 222 are

connected by an inter-RNC transport link 32. Inter-RNC 5 transport |ink 32
is ukilized for tlihetmavamentofafiversity hahdlingloptratiorsi (Jharsinbhandiitg Sour ce

“moveover”) to a Target RNC, such as Target RNC 222 of Fig. 1B, is a complex
endeavor, and can potentially result in an interruption of the established mobile
connection. The prior art approach to moving diversity handling operations is shown in
International Application Number PCT/US94/12419 (International Publication Number

10 WO 95/15665). That approach, illustrated in Fig. 1C, involves a two step process. The
first step of the process is routing the mobile connection, in a bypass mode, through a
diversity handling unit (DHU) 305 in the Target RNC 222 upon first utilization by
mobile station MS of the Target RNC (e.g., when a base station served by Target RNC
is first invoked). In its bypass mode, diversity handling unit (DHU) 305 in the Target

15 RNC 229 performs no combining or splitting operations. Rather, all combining and
splitting operations remain the province of diversity handling unit (DHU) 30} in Source
RNC 225.

Only later, when (and if) all base stations utilized by mobile station are
20 owned by the Target RNC 225, is the second step of the above-described approach
implemented. In the second step, the combining and splitting functions are moved from
diversity handover unit (DHU) 301 of Source RNC 22 to diversity handover unit
(DHU) 307 of Target RNC 225, and diversity handover unit (DHU) 301 is bypassed as
shown in Fig. 1C.
25
Prior art techniques of diversity handling moveover are problematic for
several reasons. For example, at the time shown in Fig. 1B prior to actual transfer of
combining/splitting operations to Target RNC 227, two transport connections (e.g., two

legs of traffic for a single connection) are still wastefully used on inter-RNC transport



RNC 221 and Target RNC 222, and can be either a direct link or a | ogical

| ink as described, for exanple, in International Application Nunber

PCT/ U894/_1ﬁ§&§ﬂg+ nt ernati onal Publication Nunber WO 95/15665). 10 Thus, in
Fig. 1A t L station MS communi cates not only thr ouglPGIAREIS/ER}34
represented by line [err] but now also by the |l eg represented by line [err]
The leg represented by line 282,1 inclgdes the radio |ink between nobile
station M5 and base station BS [err] as well as the information pertinent

to the pRbBHEMERECE FEHEath RNC itBat GRUSddY Sehobild Qi dEarccads et | i nk 32.
15 As nobile station M5 continues to nove, it may eventually occur that all

of the dizemsitythmndover unit (DEEY 30\is hévessarpi The sisadt two diversier kadobyr arits
Target RNC 222, as is pictured in Fig. 1B. In such case, inter-RNC

t r anspdls) i 2 fther wasts ofthardyatsot h | egs of the nobile connection,
represented by lines 282,1 and 282,2, respectively. Carrying 20 multiple
| egs of the same nobil e connection undesirably demands further resources
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25 F

station M. or the situation shown in Fig. 1B, resources
of inter-RNC transport |ink

SUMMARY OF THE INVENTION

In connection with a diversity handling moveover procedure, allocation of a

10 replacement diversity handling unit in a target node occurs only after a moveover
decision has been made by a source node. Initially, an original or source diversity
handling unit at the source node performs connection combining and connection
splitting functions for legs of a mobile connection routed thrdugh plural base stations
serving a mobile station. In accordance with movement of the mobile station, the

15 source node a decision to move the connection combining énd connection splitting
functions to the target node. The moveover decision can be based on factors such as
base station utilization and/or actual and/or predicted directional movement of the
mobile station, as well as transmission costs. In some embodiments, the diversity
handling moveover procedure involves selection among plural riodes for situs of the

20 replacement or target diversity handling unit.

In one mode of the invention, an anchor node performs the actual switchover
which causes moveover of the diversity handoff unit. In addition, a change of mobile

switching center (MSC) can be implementéd.

The present invention optimizes the transmission path between network nodes

25  and utilization of hardware in the nodes (e.g., diversity handover units and interfaces).

The moveover of the present invention is executed independently from radio interface



32 can be preserved if the diversity handling operations are noved to
Target RNC 222. Uilization of inter-RNC transport |link 32 would be reduced
in that, foky@ysumhe, nultiple packets destined in parallel fgerbesfzizs
stations BS [err] need not be carried on link 32, but rather a diversity
handover unit at Target RNC 222 coul d instead 5 performthe splitting. A
simlar econony results in having a diversity handover unit at Target RNC
222 conbining the signals fromnobile station M5 as received via the base
st at i onshad@o®er allowing feparitiemaf éptimizing ragiarasenrdes and fixied e transSissioe RNC
22 1. 5 The novenent of diversity handling erations

(di ver si teyorrgas Imegcoosdancsweith Shepresent apvsatiop\ihie Movaoves 35%?!3@@%@8222 of
Fig. 1B, li s.a corml eﬁ_ endeavor qand can @0 entially result in an

i nt errup??%he&as? 2n gP%fBPS?EOHeLH‘WB P?@n% fifdcti on.  The prior art approach
to nmoving diversity handling operations is shown in International
Application Nunber PCT/US94/ 12419 (International Publication Nunmber 10 WO
95/ 15665). That approm&g_gﬁm[ 1‘? | [ a two step
process. The first st | e connection, in

a bypass node, through a

5 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, emphasis instead being placed upon illustrating the principles of the invention.

10 Fig. 1, Fig. 1A, Fig. 1B, and Fig. 1C are each diagrammatic views
showing prior art management of a mobile connection for a mobile station moving from
base stations controlled by a Source radio network controller to base stations owned by

a Target radio network controller.

Fig. 2, Fig. 2A, and Fig. 2B are each diagrammatic views showing
15 differing stages of management of a mobile connection according to a mode of the
present invention, including a mode of a diversity handling moveover from a first radio
network controller to a second radio network controller according to the present

invention.

Fig. 3 is a schematic view of a Source radio network controller (RNC)

20 according to an embodiment of the invention.

Fig. 4 is a schematic view of a diversity handover unit (DHU) included in

the Source radio network controller (RNC) of Fig. 3.



diversity handling unit (DHU) 302 in the Target RNC 222 upon first
utilization by nobile station M5 of the Target RNC (e.g., when a base
station served b7y Target RNC is first invoked). In its bypass node

di versity WARHPTRY unit (DHU) 30[err] in the Target 15 RNECHERMB iy no
conbining or splitting operations. Rather, all conbining and splitting
operations renmain the province of divgrsity handling unit (DHU) 301 in
Source RNC 222. Only later, when (and®if) all base stations utilized by

nobi |l e station agg%%ggbgggggm?@égﬁ%ﬁ%ﬁgﬁn%wgv% ofasﬁf)ﬁ}%e?%i?”d step of

t he above-descri he second step, the conbining

and spheiidrRGontiofkd gmc hEcdTai@to fah @MBHdNRAES dHthe andarien aﬂgbints( fatithe
30[err] of Source RNC 221 to diversity handover unit (DHU) 302 of Target

RNC 222orrespbndingetoskigy 2 (Bigd e andiRig. 2BDréspe@ifedy.r] i s bypassed as shown in
Fig. 1 C 25 Prior art techniques of diversity handling noveover are
probl ematic for several reasons. For exanple, at the tine shown in Fig. IB

prior to actual FiaBSkescAEmaRERicW b4 diveldify imdepanaiit MEUY) incladéRin RNC
222, two transport connections (e.g., two legs of traffic for a single

conpmectheohirget mdéé network coafrolléry(RNEHofMigi fit er - RNC transport

Fig. 7 is a schematic view of a sequence of operations involved in a
diversity handling moveover procedure according to a mode of the invention involving

two radio network control nodes.

Fig. 8, Fig. 8A, Fig. 8B, and Fig. 8C are diagrammatic view of frames

10 according to an embodiment of the invention.

Fig. 9 and Fig. 9A are flowcharts showing different variations of logic for

making a diversity handling moveover decision according to the invention.

Fig. 10 is diagrammatic view of a radio network area having more than

two radio network controllers. ' i;

15 Fig. 11, Fig. 11A, Fig. 11B, and Fig. 11C are each diagrammatic views
showing differing stages of management of the mobile connection of Fig. 2-Fig. 2B as
diversity handoff units moveover returns from a second radio network controller to a
first radio network controller, with the mobile connection utilizing a MSC connected to

the first radio network controller.

20 Fig. 12, Fig. 12A, Fig. 12B, and Fig. 12C are diagrammatic views similar
to Fig. 11, Fig. 11A, Fig. 11B, and Fig. 11C, respectively, but with the mobile

connection utilizing a MSC connected to the second radio network controller.




6 link 32. Moreover, for each RNC that is used by the nobile radio
connection, one diversity handover unit (DHU) 30 is necessary. The use of
two diversiwpdoamapver units (s) is a further waste of hardwete:SEDS02134
What is needed therefore, and an object of the invention, is an efficient
and econom cal diversity handling noveover technique. SUMVARY OF THE

| NVENTI ON I n connection with a diversi® handling noveover procedure,

al location of a 10 replacenent diversity handling unit in a target node
occurs only after Fig.ndvandBig. i3Aiaxe dingrarmmigtie vigvesiespsctiyelipshhawingdgéore

Initially, an original or. sgurce diversity. handling.unit. at. the.source node
bor { or bl SHREBFRGRRESREIGA YR PEBIEE [ GERAVEL IR YR g SR | eqe
of a nohj . cti ed through plural base stations serving a nobile
station.%#lﬁn%{égg&aéé]ﬁlg{ea’l\%lmg#%s'mvenent of the nobile station, the 15 source
node a decision to nove the connection conbining and connection splitting

functions to the target. node. The popveqQver deci si.on can be based.on factors
such as base stat'éﬁlgl&tlislaisf EMaHE XYY BF a SeqUFRFe ShaPFAUIBRSH) %3@/&%% ecti onal

mvegemhagglo‘;er}?noveover procedure according to a node of the invention involving three

distinct radio network control nodes.

Fig. 15 is a flowchart showing operation involved in a plural DHU

moveover.

DETAILED DESCRIPTION OF THE DRAWINGS

10 In the following description, for purposes of explanation and not
limitation, specific details are set forth such as particular architectures, interfaces,
techniques, etc. in order to provide a thorough understanding of the present invention.
However, it will be apparent to those skilled in the art that the present invention may be
practiced in other embodiments that depart from these specific details. In other

15 instances, detailed descriptions of well known devices, circuits, and methods are

omitted so as not to obscure the description of the present invention with unnecessary

detail.

Fig. 2 shows a portion of a radio access network 120 according to one
20  mode of the present invention which comprises a first set of base stations (BS) 1261 1,
1261 2, and 1261 3 connected by land lines to Source radio network controller (RNC)
1221, and a second set of base stations (BS) 1267 1, 1262 2, and 1267 3 connected by
land lines to a second radio network controller (RNC) 1227 which serves as a Target
radio network controller. Source RNC 1221 is connected to mobile switching center

25 1241 while Target RNC 1229 is connected to mobile switching center 1247. Source



nobile station, as well as transm ssion costs. In sone enbodi nents, the
di versity handling noveover procedure involves sel ection anong pl ural
for situs gjq#%gmgo repl acenent or target diversity handling unit. In one
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causes noveover of the diversity handoff unit. In addition, a change of
nobi l e swtching center (MSC) can be igpl enented. The present invention
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and Target RNC 1223 are considered as control nodes of radio access network 120 in
that, among other things, these RNCs control or manage the sets of base stations

respectively connected thereto.

As described in more detail herein, for a mobile connection controlled by
Source RNC 1221, in accordance with the present invention allocation of a diversity
handover unit in Target RNC 1225 is not accomplished until Source RNC 1227 has
made a decision to move diversity handlin'g operations to Target RNC 1229. In this
regard, Fig. 2 depicts radio access network 120 at a time when Source RNC 1221 makes
a decision for diversity handling moveover; Fig. 2A shows radio network area 120 at a
subsequent time during which diversity handover unit (DHU) 1307 is in the process of
being allocated for Target RNC 1227; and Fig. 2B shows radio access network 120 at a
yet subsequent time when diversity handling moveover has been completed and a

switchover has occurred in Source RNC 122;.

Source RNC 1221 is shown in more detail in Fig. 3 as comprising a
switch 1407. Switch 1401, which is controlled by RNC control unit 142}, has a
plurality of ports, some of which are connected to diversity handover unit (DHU) 130,
and others of which are connected to various interfaces. Diversity handover unit (DHU)
1307 is connected to a timing unit 1417. The RNC control unit 1421 is connected to
each element of RNC 122;. |

For reasons explained hereinafter, Source RNC 1221 is connected to a
signaling network representéd by line 143. Source RNC 1227 is connected to signaling
network 143 via a signaling interface 1431y. Signaling interface 1431, is connected to



will be apparent fromthe follow ng nore particular description of
preferred enbodinents as illustrated in the acconpanying drawi ngs in which
reference- ghenasiRafs refer to the same parts throughout the pafiseboy3£WNs.
The draw ngs are not necessarily to scale, enphasis instead being placed
upon illustrating the principles of the invention. 10 Fig. 1,
Fig. IA Fig. IB, and Fig. 1C are eachldi agrammatic views showi ng prior art
managenent of a nobile connection for a nobile station noving from base

st at i onRNGrmongrol suitd#2a. Sour ce radi o network controller to base stations
owned by a Target radio network controller. Fig. 2, Fig. 2A and Fig. 2B
are each diagrammatic views showng 15 differing stages of managenent of a

e . i f X mnagenent
Tode of i ver of (SRR bAuTAIRE sl (SR hOBE MEC iplebfick” 1P 2
Lo a seqpidh4HUTNC HWPLake GRR1UBY Aid BAEMididntRrbani 8] IMELY Nt | On.

Fig. 3 i1s a schematic viewo ource radi o network contraoller (RNC) 20
accondi rigtetfacannitriddgiigeohneied toemobite switching fcepter 424 5. RNC hrstorthecunit ew of
a diversity handover unit (DHU) included in the Source radi o network

cont r ol 1161 (iRsopnested-tayinteg-RNC transport link 132. Base station interface unit 1487 is
connected to the first set of base stations (BS) served by Source RNC 1227. Although
base station interface unit 148, is shown logically as one unit serving all base stations, it
should be understood that physically base station interface unit 1481 can be a separate

10 unit for each base station.

Diversity handover unit (DHU) 1304 of Source RNC 1221 is shown in
more detail in Fig. 4. In particular, diversity handover unit (DHU) 130} primarily
comprises controller 1607; frame splitter 1621; a set of downlink buffers 1641_1 -

15 1641.n; a frame selector 1661; and a set of uplink buffers 1681.1 - 168{_. Both frame
splitter 1621 and frame selector 1661 receive timing signals on line 170 from timing

unit 1411, and are also connected to controller 1607.

Frame splitter 1621 receives (via switch 1401) input in the form of frames
20 online 1727 from mobile switching center 124, while frame selector sends output in
the form of frames on line 174 to mobile switching center 124. Lines 1721 and 174}
are connected to particular ports of switch 1401 which are internally connectable

through switch 1401 to mobile switching center 124.

25 Frame splitter 1621 outputs frames received from mobile switching center
1241 on line 1721 to each of one of the buffers in set 164 which correspond to a base
station currently involved in the mobile connection for the mobile station. Each of the
buffers in set 164 is in turn connected to transmit the frames it receives to switch 1401

over lines 17611 - 1761_. Lines 1761_1 - 1761.p are connected to respective input



8 Fig. 5 Fig. 5A, and Fig. 5B are schematic views of a Source radio
network controller (RNC) according to an enbodi nent of the invention at

poi'nts in tj rresponding to Fig. 2, Fig. 2A, and Fig. 2B, respectively.
Fig. 6is y@%{l c view of a diversity handover unit (DI—ILHSCTYWE’GH%I in5
the Target radio network controller (RNC) of Fig. 5. Fig. 7 is a schematic

vi ew of a sequence of operations invoH;Fd in a diversity handling noveover
procedure according to a node of the invention involving two radi o network

contr ol pbREBEswittid 146). Whith il ook ardhitediBfly Frdds cBimdtibiélagy ammt 1 ¢ vi ew

s 10 accordihg to a i ment of the Invention. 4. 9 and Fig.

9A are swirnkdtde) thralphvéwigchdi 40fetoahé duahliak lamslimds fopdiexeimictivabasy a

di versity handling noveover decision according to the invention. Fig. 10 is
di agr anstatipes BSqarta¢ipatingiti hemaobiler donaaeetiothavi ng nore than two radio
network controllers. 15 Fig. 11, Fig. 1 A Fig. 11B, and Fig. 11C are each
di agrammati c vi ews

5 Frame selector 166 receives frames from various ones of the buffers in
the set of up-link buffers 1681 - 168,,. Base stations (BS) participating in a mobile
connection send frames to their corresponding up-link buffers 1681 - 168, on
corresponding ones of lines 1781.1 - 1781.5. Each of lines 1781.1 - 17814 is
connected to corresponding ports of switch 1401, with those ports being internally

10  switchable internally through switch 1401 to up-link land lines from the corresponding
base stations (BS). Thus, when plural base stations are involved in a mobile
connection, for plural frames representing the same up-linked information (e.g., frames
having the same frame number) frame selector 1661 picks the best frames for

transmission (via switch 1401) to mobile switching center 1247.

15 As indicated above, controller 160} of diversity handover unit (DHU)
1307 is connected to frame splitter 1621 and frame selector 1661, for controlling
operations thereof, as well as by line 1801 to RNC control unit 142j. RNC control unit
1421 supervises operation of controller 1601 and coordinates operations of controller

1607 with other elements of Source RNC 122;.

20 Fig. 5 shows Target RNC 1227, according to an example embodiment of
the invention, at a particular instance in time corresponding to the time of Fig. 2. Target
RNC 1225 includes switch 1407; timing unit 1419; RNC control unit 1427; base station
interface unit (BS I/F unit) 1487; MSC interface unit 1447; and diversity handover unit
(DHU) 1303. For simplicity, some connections within Target RNC 122; are not

25 shown, such as connections of all élements both to timing unit 1415 and RNC control

unit 1425



showi ng differing.stages of managenent of the nobile connection of Fig.
2-Fi.g. 2B as diversity handoff units noveover returns froma second radio
net wor kK cen{ygdel@fsrt 0 a first radio network controller, wthddiasgssiibe
connection utilizing a MSC connected to the first radio network controller.
20 Fig. 12, Fig. 12A, Fig. 12B, and Fig. 12C are diagranmatic
views simlar to Fig. 11, Fig. 1 A Fi¢g3 1 1B, and Fig. 11C, respectively,
but with the nobile connection utilizing a MSC connected to the second

radi o networ k contAwtheeime shoven i Big. $3mmbile Btagion M$S has gustinaovedtos i ¢ vi ews
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5 unit (DHU) in Target RNC 1225 has been allocated to the mobile connection for mobile

MS. Rather, the legs of the connection are all routed through switch 1409 without
being routed through diversity handover unit (DHU) 1305.

In the above regard, as shown in Fig. 5, switch 1407 has, among its many

other ports, base station downlink ports PBD1-1, PBD1-2, PBD2-1 and PBD2-2; base

10 station uplink ports PBU1-1, PBUI1-2, and PBU2-2; ports PR1 and PR2 connected to
downlink and uplink terminals respectively of RNC I/F unit 1467; and diversity
handover unit ports PD1 - PD6. As shown in Fig. 5, base station uplink ports PBU1-1
and PBU1-2 and base station downlink ports PBD1-1 and PBD1-2 are connected
through base station I/F unit 148 to base station (BS) 1267 1; while base station uplink

15 ports PBU2-1 and PBU2-2 and base station downlink ports PBD2-1 and PBD2-2 are
connected through base station I/F unit 148 to base station (BS) 1262 3. At the time
shown in Fig. 5, base station uplink ports PBU1 and PBU2 are connected (via switch
1407) to interface uplink port PR1; base station downlink ports PBD1 and PBD2 are
connected (via switch 1407) to interface downlink port PR2.

20 Diversity handover unit (DHU) 1309 of Target RNC 1227 shown in Fig.
6, is understood to have essentially the same structure as does diversity handover unit
(DHU) 1307 of Fig. 4, with one primary exception. That exception is that, in diversity
handover unit (DHU) 1305, lines 1729 and 174 will ultimately connected by switch
1409 to RNC I/F unit 1467 rather than to a mobile switching center. Specifically, as

25  explained hereinafter, lines 1722 and 1749 are connectable by switch 1407 to switch
ports PR1 and PR2 for respective application to downlink and uplink terminals of RNC
I/F unit 1469 (see Fig. 5).
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noveover. DETAI LED DESCRI PTI ON OF THE DRAW NGS 10 In the
follow ng description, for purposes of explanation and not |imtation,
specific d%‘t"?é%% are set forth such as particular architectures,

i nterfaces, ﬁl’;ues, etc. in order to provide a thorough RGTREFIUAMI ng
of the present invention. However, it will be apparent to those skilled in
the art that the present invention ma?r be practiced in other enbodi nents
that depart fromthese specific detai é In other 15 instances, detailed

descri ptions of el luckiAgHEh AN othe Sinie i infNE, SEISBRRI bl Led so as

not to obscure the description present ention W'tH unnecéssary

det ai | .urfii (DHY)3h Tabged RNC 1205 has béer Alticatedoahe nivdile@okindatfdbnifes dichiRgy to
one 20 node of the present invention which conprises a first set of base

st at i oS¢ Bsyhaudd be realjzedrthatcTargetRNE 12271 likelly Hoesdmavemtindiversitadi o net wor k
connec BBy Hhits GOPAESed & e S0 Bat oA RO Er gy e dp YRRt 222
O SN B bl P ol o b G50 B
connectiggrik 05 "OhiH StheiivelNifhdnBBY & unts4Poul 23S Bingly have routed
therethrough frames involved in other mobile connections, e.g., frames routed from
MSC 1245 to the other mobile station and frames routed from the other mobile station
(and through various base stations) to MSC 1249. However, for the purposes of the
10 mobile connection to mobile MS here under discussion, at the time of Fig. 5 no

diversity handover unit of Target RNC 122 is yet involved.

Fig. 7 shows a sequence of operations involved in a diversity handling
moveover procedure according to an embodiment of the invention. Fig. 7 shows in
three separate parallel vertical lines the operations conducted by each of Source RNC

15 1227, Target RNC 1227, and the base stations (BS) served by Target RNC 1227 and

involved in the mobile communication with mobile station MS.

Operation 7-1 of Fig. 7 shows RNC control unit 1421 of Source RNC
1221 making a decision that diversity handover unit moveover (e.g., diversity handling
moveover) should occur. In essence, according to one mode of the invention, RNC
20 control unit 1421 decides to make a diversity handling moveover when Source RNC
1221 no longer has any of its base stations (BS) 1267 - 1263 involved in the mobile
connection for mobile station MS. Logic of RNC control unit 1421 relating to the
diversity handling moveover decision is discussed in more detail in connection with

Fig. 9.

25 After RNC control unit 1421 has decided to make a diversity handling
moveover, RNC control unit 142 performs operation 7-2. Operation 7-2 involves

RNC control unit 142 allocating or setting up a connection on inter-RNC link 132. In

|
anin



10 RNC 1221 .and Target RNC 1222 are connected by inter-RNC transport |ink
132. Inter- RNC transport link 132 can be either a direct link or a | ogical

link. In thwoxegersef a logical link, inter-RNC transport |inleckdzose2134
physically connected to a transport network or a public switched tel ephone
network (such as ISDN or PSTN). Source RNC 1221 5 and Target RNC 1222 are
consi dered as control nodes of radio atfess network 120 in that, anobng

ot her things, these RNCs control or manage the sets of base stations
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decision for diversity handiing noveover; Fig. 2A shows radi o network area
120 at atldr mebibsstatioms maiy nlreddy exigt. whi ch diversity handover unit (DHU)
1302 is in the process of being allocated for Target RNC 1222; and Fig. 2B
shows radi o access network 120 at a

Upon completion of the allocation of operation 7-2, at operation 7-3 RNC
control unit 1421 sends a signaling message including a diversity handling (DHU)
moveover request to Target RNC 122. Signaling messages between RNCs are
transmitted over signaling network 143, and can be in accordance with signaling system

10 no. 7, for example. Internally in Source RNC 1221 the diversity handover (DHU)
moveover request is routed through switch 1401 and RNC interface unit 146, for
application on inter-RNC link 132. The diversity handover unit (DHU) moveover
request instructs Target RNC 1227 to allocate a diversity handover unit (DHU) for the
mobile connection for mobile station MS and to connect the allocated diversity

15 handover unit (DHU) to the base stations currently used by mobile station MS. The
signaling message which includes the diversity handover unit (DHU) moveover request
carries the following information: (1) the identity of the connection on the inter-RNC
link 132 to be associated with the connection between the newly allocated diversity
handover unit (DHU) and the applicable MSC (e.g., MSC 1241); and (2) the identities

20  of'the base stations previously allocated by diversity handover unit (DHU) 1401 of

Source RNC 1221 and currently in use for the mobile connection with mobile station
MS.

The signaling message from Source RNC 1221 (which includes the
diversity handover unit (DHU) moveover request) is routed through switch 1405 to
25 RNC control unit 1429 of Target RNC 1225. The routing of the signaling message to
RNC control unit 1429 may include routing through a signaling network. Upon receipt
of the signaling message, RNC control unit 1427 performs operations 7-4, 7-5, and 7-6
as shown in Fig. 7. Performance of operations 7-4, 7-5, and 7-6 is reflected by Fig. SA.



yet subsequent tine when diversity handling noveover has been conpl eted and
a switchover has occurred in Source RNC 1221. 20 " Source RNC
1221 is sh ' re detail in Fig. 3 as conprising a switch 1401. Switch
1401, whi c%?’%&iﬂ)r ol led by RNC control unit 1421, has a plR&TAE$213¢
ports, sone of which are connected to diversity handover unit (DHU) 1301
and ot hers of which are connected to \ﬁri ous interfaces. D versity handover
unit (DHU) 1301 is connected to a timng unit 1411. The RNC control wunit
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herei nafter, Source RNC 1221 is connected to a signaling networ

r epr es ediversityyhandoeerhdit (U A8 0RNG the 2dnricstion fembbile statioh M8/ i ng net wor k
143 via a signaling interface 14 I}&(ejrrg. Signaling interface 143l[err] is
connectAloeaing diyversipbandaveramitHU) 4307 tor &)s donnestioncios mabileestatih MS port s

and basBOKE FoRPeliSr Yiiowvitsh 10pabadoeruait (DHU) 1305 To B ttertace unit

5 1467. Such connection is accomplished by connecting port PD1 to port PR2 and
connecting port PR1 to port PD2 [see Fig. SA]. In terms of diversity handover unit
(DHU) 1307, such connection means that line 1747 (connected to port PD1)is
connected to port PR2, so that (upon completion of moveover) frames will be sent from
frame selector 1667 to RNC I/F 1469, and ultimately via switch 1401 to mobile

10 switching center MSC 1241 [see Fig. 6]. In addition, line 1727 (connected to port PD2)
is connected to port PR1, so that (upon completion of moveover) frames can be sent

through switch 140 and switch 1407 to frame splitter 1621 [see Fig. 6].

Operation 7-5 includes allocating new connections between Target RNC -

1227 and the base stations controlled by Target RNC 1227 which are serving mobile

15 station MS, particularly base station (BS) 1262 1 and base station (BS) 1267 .
Allocating such new connections includes assigning ports PBU1-2 and PBD1-2 to the
connection respecting base station (BS) 1267 1, and assigning ports PBU2-2 and PBD2-
2 to the connection respecting base station (BS) 1267 5. Further, ports PBU1-2 and
PBU2-2 are connected to ports PD3 and PD4, respectively, while ports PBD-2 and

20 PBD2-2 are connected to ports PDS and PD6, respectively. Ports PD3 and PD4 of
switch 1407 are connected to uplink lines 1787 for eventually transmitting frames to
frame selector 1667 [see Fig. 6]. Ports PD5 and PD6 of switch 1407 are connected to
downlink lines 1767 for eventually obtaining frames from frame splitter 1627 [see Fig.
6].

25 Operation 7-6 shows RINC control unit 1427 of Target RNC 1227 sending
a signaling message with an additional link setup request to each of the base stations
owned by Target RNC 1229 which are serving mobile station MS. These signaling

messages are sent over semipermanent connections established at start-up of the base



5 interface unit 1441 is connected to nobile switching center 1241. RNC
interface unit 1461 is connected to inter-RNC transport |ink 132. Base

station int ewpasg74Mmit 1481 is connected to the first set of beeREsé/ahspns
(BS) served by Source RNC 1221. Although base station interface unit 148,

I's shown logically as one unit serving all base stations, it should be
under st ood that physically base stationijignterface unit 1481 can be a
separate 10 wunit for each base station. Diversity handover unit (DHU) 1301
of Sour cestdtidnis12RING eorsthalwmit M 2pckreowieiiaw fto ket upl theselsighalinmmessagesin view

di versity handover unit (DHU) 1301 primarily conprises control|er 1601;
frame spiafithe paragretersgeegivedin thewmovervasrequast[see aperationi53]. 1Bhe signaling

frame selector 1661, and a.se f uplink butfers 1681-1 - 1681 -n. Both
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sends output in the formof frames on line 1741 to nobile switching center
124[ err] thekignaling fiseagds thatdRNTAdomitro] vaitd 429 isearnnedtadanfeamaliyc threnglpor t s of
swtch 1401 which are internally connectable through swtch 1401 to nobile

swi t chi ngvetght B021teqpasts FBD2mnd PBD2. Frame splitter 1621 outputs
frames received fromnobile switching center

The additional link setup request sent to base station (BS) 1267 1 and base

station (BS) 1267 7 at operation 7-6 instruct the base stations to connect their

10  transceivers in parallel to Target RNC 1229 via the connections specified in the
additional link setup request. The transceivers are already connected to Source RNC
1221, i.e., base station (BS) 1267 1 is already connected via ports PBU1-1 and PBD1-1;
base station (BS) 1263 7 is already connected via ports PBU2-1 and PBD2-1. The new
parallel connections for base station (BS) 1267 1 involve ports PBU2-1 and PBD2-1;

15 the new parallel connections for base station (BS) 1263 5 involve ports PBU2-2 and
PBD2-2. The involved base stations, i.e., base station (BS) 1267 1 and base station
(BS) 1267 7, each connect their transceiver to the connection and send a confirmatory

response message to Target RNC 1225 Target RNC 1227 as operation 7-7 [see Fig. 7].

Operation 7-8 of Fig. 7 is a synchronization procedure between the
20  involved base stations, i.e., base station (BS) 1267 ] and base station (BS) 126 7, and
diversity handover unit (DHU) 1307. Aspects of the synchronization procedure are

discussed subsequently.

At the time shown in Fig. 5A, base station (BS) 1267 } and base station
(BS) 1262 2 transmit information routed through Source diversity handover unit (DHU)
25 1307 to mobile station MS in the downlink. In the uplink, on the other hand, both base
station (BS) 1267 1 and base st'ation (BS) 1267 7 send the same received data (although



1241 on line 172[err] to each of one of the buffers in set 164 which
correspond to a base station currently involved in the nobil'e connection
for the nobile station. Each of the buffers in set 164 is in turn connected
to transmi VoK@’ anes it receives to switch 140[err] over RGCHEEIS[O2IM4] are
connected to respective input 12 ports of switch 140[err], which input
ports are internally cross connectablg,(e.g., switchable) through switch
140[err] to the downlink land Iines f€§ the respective base stations BS
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frames to thelr cofresponding up-link buffers 1681 -7168n on correspondi ng
ones of lines [err]. Each of lines [err] is connected to correspondi ng
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5 1221. The signaling message of operation 7-9 includes a switchover request. Prior to
switchover in Source RNC 1221, all traffic on inter-RNC link 132 involving all legs of
the mobile connection with mobile station MS from/to RNC I/F unit 1461 were routed
through switch 1401 and diversity handover unit (DHU) 1301, as indicated by the lines
PRE-X in Fig. 3. Upon receipt of the switchover request, RNC control unit 1427 of
10 Target RNC 1227 performs a switchover procedure as indicated by operation 7-10 [see
Fig. 7]. The switchover procedure preferably occurs in between frame transmission in

order to avoid frame lost, else synchronization/time alignment must previously be

reached between Source RNC 1221 and Target RNC 1225.

In the switchover procedure of operation 7-10, RNC control unit 142)

15  operates switch 1401 to connect RNC I/F unit 146 through switch 140} to MSC
IF/unit 1441, as shown by the line POST-X in Fig. 3. As a result of the switchover,
frames from MSC 124 are routed through switch 1401 for application by RNC I/F unit
1461 to inter-RNC link 132, and in Target RNC 1227 through switch 1407 and to

| diversity handover unit (DHU) 1307. The frames are split in diversity handover unit

20 (DHU) 1305 for application to both of base station (BS) 1267 1 (through port PBD1-2)
and base station (BS) 1267 3 (through port PBD2-2). Moreover, frames destined for
MSC 1247 are routed through switch 1407 to diversity handover unit (DHU) 1302
where they are combined, with a resultant (e.g., best) frame being routed via switch
1402 and applied by RNC I/F unit 1467 to inter-RNC link 132. In Source RNC 1221

25  the frames are routed through switch 1401 to MSC 1241, bypassing diversity handover
unit (DHU) 130;.




connection, .for plural frames representing the sanme up-linked information
(e.g., franmes having the sane frame nunber) franme selector 166[err] picks

t he best frwoes/Froa transm ssion (via switch 1401) to nobil e mywsevBioti34
center [err] 15 As indicated above, controller 1601 of

di versity handover unit (DHU) 130[err] is connected to frame splitter
162[err] and frame selector 166[err], fl& controlling operations thereof,
as well as by line 1801 to RNC control unit 142[err]. RNC control unit 1421
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of all elepents both to ti mH8 unit 1412 and RNC control unit 1422.
station (BS) 1263 5. The DHU at Source RNC 1227 thus then becomes an available

resource. At this point, the mobile connection with mobile station MS involves only the
legs which utilize the base station-connecting ports newly involved in connection with
the diversity handling moveover. Fig. SB shows the legs of the mobile connection for

10 mobile station MS within Target RNC 122.

In addition to signaling messages such as those described with reference

to Fig. 7 (which can be similar to the MAP protocol employed in GSM), inter-RNC link
132 carries traffic or user frames as well as dummy frames and synchronization
adjustment frames. Examples of traffic frame formats are shown in Fig. 8 and Fig. 8A.

15 Fig. 8 particularly shows an uplink traffic frame which has a frame type field 8-1; a
frame number field 8-2; a quality indicator field 8-3; and, a user traffic data field 8-4.
Fig. 8A shows a downlink traffic frame which has a frame type field 8A-1; a frame
number field 8A-2; and, a user traffic data field 8A-4.

An example of contents of the quality indicator fields 8-3 and 8-4 is a

20 received signal-to-noise ratio (SIR) for the frame. In addition, a checksum result for the
frame could be included in the quality indicator fields 8-3 and 8-4. The quality
indicator is used by the frame selector in the diversity handover unit (DHU) to select
and forward (to the appropriate mobile switching center MSC) the user traffic data of
the best frame, of all of the frames received with a given frame number from all base

25  stations involved for the connection with mobile station MS. The frame splitter, on the
other hand, copies the user traffic data to all base stations involved in the connection for

mobile station MS, and attaches the frame number for field 8A-2 [see Fig. 8A]. The



13 At the tinme shown in Fig. 5 nobile station MS has just noved to a

geographical location at which it is in radio comunication wth base

stations .(@”éﬁ_%, 1 and 1262,2, but no longer in radio conmunication with
any base stat1 wned by Source RNC 1221 (see Fig. 2). At PRESE9S1¥,own
in Fig. 5 no diversity handover 5 wunit (DHU) in Target RNC 1222 has been
allocated to the nobile connection fo? nobile M5. Rather, the legs of the
connection are all routed through sw gh 1402 wi t hout being routed through
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PBD1- | , frdti®hurber Bt withad amBtmber RRFER réfererifedt i on uplink ports PBUL-1,
PBU -2, and PBU2-2; ports PRL and PR2 connected to downlink and uplink

termnals respectively of RNC I/F unit 1462; and diversity handover unit

orts PD1 - PDe6. ] ' s 4 i Nle: 1-1 and
IF:)’BU1-2 and base ﬁ?ﬁ%ﬁvﬁf%\%ﬁﬂeﬁﬂ%?%@g& %é%f?glgg(r%?’%%ﬁﬁgct ed
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station uplink 15 ports PBU2-1 and PBU2-2 and base station downlink ports

PBD32- 1 bersénfPBIRe dummmey frameds tlsd used nuiie dosadinkt fadmdrargétidiversity hdldovep base
station (Bg) .1262, 2. At the time shown in Fig. 5 base station uplink ports
PBUL atdl U) 1302 to thechase statipps before swvitchover to establish synchronization.

The example dummy frame of Fig. 8B includes a frame type field 8B-1, a frame
number field 8B-2, and a dummy data field 8B-4.

A synchronization frame, such as that shown in Fig. 8C, is employed to
10  carry synchronization adjustment values. The example of the synchronization frame
shown in Fig. 8C includes a frame type field 8C-1 and an adjustment value data field
8C-4. In one mode of the invention, the adjustment value data field 8C-4 contains a

positive or negative time offset value.

As mentioned above, such as with reference to operation 7-1 of Fig. 7, for
15 example, RNC control unit 142 of Source RNC 122 determines when to initiate a
diversity handover unit moveover procedure. In the preferred embodiment, such
decision is based on optimization of transmission resources. One example of logic
implemented in the course of the diversity handling moveover decision is reflected in

Fig. 9.

20 The diversity handover unit moveover decision logic of Fig. 9 involves
(after an initialization step 9-1) a periodic determination (at step 9-2) whether any base
station managed by Source RNC 1221 is involved in the mobile connection with mobile
station MS. If the determination at step 9-2 is negative, execution loops back to re-
check the determination of step 9-2 at a future time. However, should the determination

25  of step 9-2 be positive, i.e., no base station managed by Source RNC 1221 is involved

with mobile station MS, a Timer T1 is set (step 9-3). As seen hereinafter, Timer T1 is

Aania



1402) to interface uplink port PRl; base station downlink ports PBDl1 and
PBD2 are connected (via switch 1402) to interface downlink port PR2. 20
D versity- hwodogeriunit (DHU) 1302 of Target RNC 1222 shown ipgt/skds/0X34 | S
understood to have essentially the sanme structure as does diversity
handover unit (DHU) 1301 of Fig. 4, with one prinmary exception. That
exception is that, in diversity handov2i unit (DHU) 1302, lines 1722 and
1742 will ultimately connected by switch 1402 to RNC I/F unit 1462 rat her
t han t o emmoyed to eminteractapetential pingpevgeffeat. | 4s indicated bgspipai%éand 9-5,

h i naf, , 1722 742 nectahl e by switch 1402 to switch
v 4”504 i o ot eSS S bR R

t I nal . kL 62 L0..5). . nentione ve, at
the 1 meefls Slioh b Bldre T8 T3 B%pltS e harsnria BrfP eV s ﬂfﬁ@ﬁfﬁ oic
1222 h ; t [ ' ' sl tyeshou
be rea???gggﬁ;[gﬂg b%’??%g%rRlﬁNleS}%goﬁe P:A&‘gfg&gggg} ﬁfxl&é’i’g{%‘g@dﬁb\eﬁéﬁ?ﬁy andover
uni ts cdinee fddexpires beford albhle stasiodl rdraiged by Soustd RNCI 22y & dddebiag dayer

units
mobile connection for mobile station MS, steps 9-7 and 9-8 are performed. At step 9-7,
another RNC is selected as the Target RNC. Once the Target RNC has been selected,
the DHU moveover procedure as described in Fig. 7 is performed (as represented by

step 9-8 of Fig. 9).

10 In connection with step 9-7 of Fig. 9 described above, it is possible that
mobile station MS may be in radio contact with base stations, some of whom belonging
to differing RNCs. For example, in the scenario depicted in Fig. 10, Source RNC 1221
would have to select between Target RNC 1227 and Target RNC 12273 as candidates for
the diversity handling moveover procedure. It will be appreciated that yet more RNCs
15 may be in contention for receipt of the diversity handling function, the configurations

shown herein being exemplary and not limiting.

Variations of the diversity handling moveover decision logic of Fig. 9
occur in differing embodiments. Whereas the example of Fig. 9 requires that no base
station be managed by Source RNC 122 before the diversity handling moveover is

20  performed, other variations have differing moveover criteria relative to the number of
base stations managed by the Source RNC 1221 and the Target RNC 1227. For
example, moveover criteria may be satisfied in one variation in which Source RNC
1221 manages only one base station involved in the mobile connection, and Target
RNC 1127 manages a predetermined number (greater than one) of base stations

25 involved in the mobile connection.

As an example of another variation, information regarding directionality

of movement of mobile station MS may be considered for determining when to perform
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Information regarding directionality of movement of mobile station MS
may be used as a factor when selecting among plural RNCs for a new DHU situs is

required [see, for example, selection step 9-7 of Fig. 9].

Another variation of the diversity handling moveover decision logic of
Fig. 9 is based on transmission cost. According to this variation, total transmission
costs for an existing connection to mobile station MS (including all legs reaching all
base stations) is first determined. Then, for each potential RNC to which diversity
handling could be moved, a total cost is determined for the connection for mobile
station (again including all legs reaching all base stations). Total cost is computed by
an operator-defined or self-configured metric, and includes the cost of transmission
between any pair of RNCs and the cost of transmission between an RNC and the base
stations it manages. In accordance with this variation, the diversity handling moveover
is performed when an RNC other than the current Source RNC is determined to provide

lower transmission costs (including threshold margins).

Fig. 9A shows an example of diversity handing moveover decision-
making which is based on such factors as transmission cost as summarized above. Step
9A-1 shows starting and initialization of the decision-making logic of Fig. 9A. At step
9A-2, it is determined whether a base station has been added or removed from the set of

base stations involved in the soft handover servicing of the mobile connection. If there

741 ¢ ames routed from MBC 1242 to the ot her PEIREO80434 i on

and frames routed fromthe other nobile station (and through various base

at the time of Fig. 5 no

1261 -

nsi1



di versity handling noveover decision is discussed in nore detail in
connection wwth Fig. 9. 25 After RNC control unit 1421 has
deci ded t o welgwragi versity handl i ng noveover, RNC control umpcr/skég82134
perfornms operation 7-2. Qperation 7-2 involves RNC control unit 1421
all ocating or setting up a connection on inter-RNC link 132. In 15
connection with operation 7-2, RNC confB8ol unit 1421 allocates port of
switch 1401 and a port of RNC interface unit 1461 to be used by the new
connect iisno@hange i thenaembershipsof the sekefibase stasioniNie 1ogic of hitg. S\ tanps RNC

1221. The allocatjon at operatiop 7-2 is for a new connection, i.e., a
connect n@ﬁﬁfta Stepsilescutbat fhe Rmbershin can bs HespetBRY MORLEred her mob) | o
stations may al ready exist. Upon conpletion of the allocation of operation
7-2, at operation 7-3 RNC control unit 1421 sends a si‘gnal i ng. nessage

i ncl udi ng a di ver difthe membership pbthg)setrdoesoshange catistept 9A S appgleef Eandidate 2.
Si gnal i ssages ,bet wee Cs are transmtite si.gnal i ng ne 143,
and can KNG RodRads AeRIBedi 1R Bodines At aipbidine RITE noul 37 which the B
5 currently resides. Then, at step 9A-4 the fictive transmission cost for each candidate
RNC node in the pool is calculated. Similarly, at step 9A-5 the fictive transmission cost

for the node where the DHU currently resides is calculated.

At step 9A-6, it is determined whether it is cost effective to have a DHU
moveover. The cost effectiveness is determined by (1) finding the candidate RNC node
10 with the least fictive transmission cost, (2) adding a marginal or threshold margin cost
factor to the fictive transmission cost of the least expensive candidate RNC node, and
(3) comparing the same with the fictive transmission cost of the RNC node where the
DHU currently resides. If the RNC node where the DHU currently resides remains the

least expensive, no DHU moveover is necessary and the logic loops back to step 9A-1.

15 If it is determined at step 9A-6 that a DHU moveover is cost effective, at
step 9A-7 the candidate RNC node with the least fictive transmission cost is selected to
be the target RNC node. Then, at step 9A-8 the DHU moveover to the Target RNC
node (selected at step 9A-7) is initiated. Ifit is determined at step 9A-9 that the DHU
moveover was a success, the logic of Fig. 9A terminates as shown by step 9A-10.

20  Otherwise , the logic of Fig. 9A is re-started by a loop back to step 9A-1.

The calculations of steps 9A-4 and 9A-5 to determine fictive transmission
costs are now described for a representative node (RNC(i). It is assumed for sake of
discussion that there are “j” number of base stations included in the set involved in soft
handover for the mobile connection, and that each base station BS(I) is described as

25 being controlled by RNC(r(j)). Then, the fictive transmission cost C(i) for node RNC(i)

is determined as follows:



10 no. 7, for exanple. Internally in Source RNC 1221 the diversity
handover (DHU) npveover request is routed through switch 1401 and RNC

i nt'erface "W{)S/%ﬁ for application on inter-RNC |link 132. The diversit
handover un?>{ 851 noveover request instructs Target RNC 1FSX/RE$8 ’3?1I36cate
a diversity handover unit (DHU) for the nobile connection for nobile
station M5 and to connect the allocat diversity 15 handover unit (DHU) to
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al l ocat ed by di veThe myeanimof/@nchon”twilIDidrdind&exIbeodxplained,outiCtHe2nddeand
currentl_éxin use for the nobile connection with nobile station MS. The

si gnal i # srrg@siaiggig{%nif !s@andprmécpze bepresusted tadiethe Soures RINCer Bha gost
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as a metric. For example, the cost between two RNC nodes can be the number of

intermediate switching nodes in the transmission path between the two RNC nodes.

In certain situations, a mobile connection for mobile station MS may be

10  supported by two or more diversity handover units (DHUs) in parallel, e.g., for different
logical channels/services). An example of such a situation is a mobile station having
plural services (e.g. multimedia services), in which each service has one ofa
corresponding plurality of logical channels in parallel. These logical channels may
have different requirements for bitrate, delay, and other characteristics. In this example,

15 one DHU serves one logical channel. In the base station the logical channels for such a
mobile connection are multiplexed with code channels). Thus, there is a base station-
RNC(DHU)-MSC connection for each logical channel. Even if the logical channels are
handled together over the radio interface (e.g., BS-MS), they can be treated separately
after the base station. In such case, each DHU can be moved independently using the

20 DHU moveover procedure of the present invention. The DHU for the control channel

signaling defines the role of the Source RNC and thus is moved last.

As employed herein, synchronization includes the principle that existing
timing on the radio interface is maintained, e.g., frames are exchanged between the base
stations and the mobile station at, e.g., 10 millisecond intervals in a certain phase. After

25  connections have been set up between Target RNC 1227 and all involved base stations




as shown in.Fig. 7. Performance of operations 7-4, 7-5, and 7-6 is
reflected by Fig. 5A 16 Operation 7-4 involves allocating a diversity
handover unwog oopavdii cul arly diversity handover unit (DHU) 13G&/sE9843184
connection for nobile station M5. Allocating diversity handover unit (DHU)
1302 to the connection for nobile station M includes connecting, via
switch 1402, handover unit (DHU) 1302 2§ RNC interface unit 5 1462. Such
connection is acconplished by connecting port PD to port PR2 and

connect i (eeg.ploase sEfRibnt (B F)d267 R0 base statipn (BS) .126p o) e seviesfofdiventssiceyr
handover_ unit gDI-|U) 1302, such connection nmeans that |ine 1742 (connected

to port Etween SourkRNC221andoFargeBNG R22hat (upon conpl etion of

noveover) franes will be sent fromframe selector 1662 to RNC I/F 1462, and
ultimately via switch 1401 to nobile 10 switching center MSC 1241 [see
Fig. 6]. In additilorthe uptiek begeeehcSourez RAC 122 pand TR RNC d@2pexbast t o
port PRl, so that (upon conpletjon of rrpveoyeri@érames can be sent through
swi t ch 1sietioryansmjty 1 pecaived framamabile statipn MS po batdicl arggt digptsityper at i on

[ ian| ﬁja% ovgxl' Llu(ﬁ% ?ISHQ% f}%vzv acn%rg]oeucrgé gﬂrsers?t%t% (r)lvél;a‘; £ {Dﬁﬁcj 1301. The set of
uplink buffers 168 of diversity handover unit (DHU) 1307 receive frames from different
(e.g., both) base stations. For frames having the same frame number for the same
connection, frame selector 1667 selects the frame with best quality indicator [see Fig.
8]. The uplink frames are forwarded to Source RNC 1221 (at least before the
10  switchover is requested from Target RN 1227). Target diversity handover unit (DHU)

1302 indicates to RNC control unit 1429 when synchronization is established.

In the downlink, diversity handover unit (DHU) 130, determines an
initial departure time for numbered downlink frames based on the received numbered
uplink frames, and starts transmitting numbered downlink dummy frames [see Fig. 8B].

15 The base stations receive the numbered dummy frames and instruct diversity handover
unit (DHU) 1307 to adjust its departure time if the frames arrive too early or too late.
Further, the base stations indicated to RNC control unit 1427 when synchronization is

established.

When Target RNC 1225 determines that synchronization is established

20  for both uplink and downlink, Target RNC 1227 so informs Source RNC 1221 using the
switchover request of operation 7-9 [see Fig. 9]. At that point, Source RNC 122
performs the switchover procedure 7-10 as described above. When valid frames start to
arrive from Target RNC 122 to each involved base station (e.g., base station (BS)
1263 1 and base station (BS) 1267 7 ), the base stations start transmitting (to mobile

25  station MS) the frames received from Target RNC 1225 rather than the frames received
from Source RNC 1227. |



1222 and the base stations controlled by Target RNC 1222 which are serving
nobile 15 station M5, particularly base station (BS) [err] and base
station ('B%E?HL Al'l ocati ng such new connections includes assigni ng ports
PBUL- 2 and 2778 0 the connection respecting base station P@é’)‘g&’% 41,
and assigning ports PBU2-2 and PBD2- 2 to the connection respecting base

station (BS) 1262,2. Further, ports PI%ldl-Z and PBU2-2 are connected to
ports PD3 and PD4, respectively, whilé& ports PBD 1-2 and 20 PBD2-2 are

connected to portgFDat inbfe AVASYR I '?‘Wﬁ w tch
1402 are connect eg tgﬁ)ugqlﬁrl\ ilﬂes ierrsfﬂgf%l?oeresstgrﬁgﬁf% trahsm ??(r)\ frames
to frangf TaigecRNC 1287, depain dotiyitidsmayocdud. Fob eraxtlpRDE tivhe aligih@bntlté02 ar e
connected to downlink lines 1762 for eventually obtaining frames fromfrane

spl i t t ethexaobilg switching center (WISC) is supported, diveysety diandovez-witsEIAE) RBE) cont r ol
unit 1422 of Target RNC 1222 sendi,ng,a signaling nessage wth an_additional
link setafsendfosdnands wthe mobilefwitching can ri(Mﬁgbmsggtsma@et Dyyng 202

et A s ST s e R S

mobile switching center (MSC) is not supported, a frame slip may occur. To avoid this

problem, an initial connection should be set up with sufficient delay margins (e.g., some

extra buffering in diversity handover unit (DHU) 1301).

Fig. 2 - Fig. 2C illustrates diversity handling moveover, e.g. moveover
10 from DHU 1301 of RNC 1221 to DHU 1302 of RNC 1229, as mobile station MS
traveled to utilize only base station BS 1267 j and 126 3 controlled by RNC 1225.
Fig. 11 - Fig. 11C progressively show stages of a return diversity handling moveover as
mobile station MS travels back to utilize only base station BS 126 2 and 1261 3
controlled by RNC 122;. ' '

15 The procedures and operations involved in the return of diversity handling
moveover, especially as depicted in Fig. 11A - Fig. 11C are understood from analog to
the procedures and operations aforedescribed with respect to Fig. 2 - Fig. 2B,
respectively. However, since the DHU allocated in RNC 1221 upon return diversity
handling moveover is, in fact, newly allocated and not necessarily the same as former

20 DHU 1301, the new DHU of RNC 122 is referenced in Fig. 11B - Fig. 11C as DHU
130;.

The return diversity handling moveover of Fig. 11-Fig. 11C is conducted
under the condition that DHU 1309 of RNC 1225 is connected via RNC 1221 to the
MSC 1241 handling the mobile connection. Thus, until diversity handling moveover

25 returns back to RNC 1221 as depicted in Fig. 11C, the inter-RNC link 132 carries both
(1) frames between MSC 124 .and DHU 1303, (2) frames between DHU 1307 and base

nmM
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reduced if the mobile connection is changed such that MSC 1245 is utilized rather than

MSC 1241. When such a change of MSC is implemented, the return diversity handling
moveover back to RNC 122 is as shown in Fig. 12-Fig. 12C rather than as in Fig. 11-
Fig. 11C. At the time shown in Fig. 12C, consideration ought to be given whether the
mobile connection should change back to using MSC 1241 rather than MSC 1245,

Modes of the invention previously described have involved a Source RNC
122 and a Target RNC 1227, one of which is connected to the MSC handing the
mobile connection without an intermediate RNC. Fig. 13 and Fig. 13A depict a
different mode in which the mobile connection utilizes MSC 124 and wherein RNC
122 functions as an “anchor” RNC. An “anchor” RNC is an RNC most closely
connected to the pertinent MSC for the mobile connection and is the RNC which

performs the switchover of a diversity handling moveover to connect a new DHU.

In reality, all modes of the invention involve three logical RNCs for
performing diversity handling moveover: (1) an “anchor” RNC which performs the
switchover to connect a new DHU; (2) a “source” RNC which controls the old DHU
and which initiates the diversity handling moveover procedure; and (3) a “target” RNC
which controls the new DHU (and which becomes the source RNC after the diversity
handling moveover procedure is completed). In the preceding mode of Fig. 2-Fig. 2B,
RNC 122 functioned both as the source RNC and the anchor RNC. In the modes of
Fig. 11-Fig. 11C and Fig. 12-ng. 12C, on the other hand, RNC 1227 functioned as the
anchor RNC 122.



response nessage to Target RNC [err] RNC 1222 as operation 7-7 [see Fig.
7]. Operation 7-8 of Fig. 7 is a synchroni zation procedure bétween the 20
i nvol ved b}?S %ﬁt jons, i.e., base station (BS) 1262,1 and base station
(BS) 1262, 2VO3Nt" '8! versity handover unit (DHU) 1302. Aspect SCIfSEIRE2134
synchroni zati on procedure are di scussed subsequently. At the tinme shown in
Fig. 5A, base station (BS) 1262,1 andztgase station (BS) [err] transmt

i nformati on routed through Source divérsity handover unit (DHU) 25 1301 to

mobi | e station My '@Fﬁ?é%cﬂ@f’\fgleiiﬁ%ntibﬂ_shgﬁ?g%ﬁi%‘.kla slt‘igel?}\f‘ﬁich%?mllc bot h

base station (BS) ase station err effd the sane recei ved

dat a (al2hppefiorms the spdtchoper wherdby tigy diversity dahlling Bnfovahbve frar MDUAL | on
to both Source diversity handover unit (DHU) 1301 and Target diversity
handoveil3Qnof S¢wek/RNEr12R | \in EFHE] 130 fof ¢argetRNAS E229. dfigohd shewsthseen
synchroni zed, as operation 7-9 RNC contrql, unit 1422 of ,Target RNC 1222
sends aSEYAUORI NrIY tondiversily handiing meveaver Q%llg-llﬁzﬁ shawg the; SatiPn gfteessage of

OPer A1 Ol feBioh SF NS naF IRYGovef AuESt - Prior to

Fig. 14 shows a sequence of operations involved in a diversity handling
moveover procedure according to the mode of Fig. 13-Fig. 13A (i.e., a mode in which -
an “anchor” RNC other than the source RNC or the target RNC perform the
switchover). Operation 14-1 shows the Source RNC 1221 making a decision that a

10 diversity handling moveover should occur. Such decision can be made according to any
of the various criteria herein described, such as the criteria of Fig. 9 or Fig. 9A, for
example. Once the diversity handling moveover decision has been made, set operation
14-2 source RNC 1221 sends a “diversity handling (DH) moveover initiation” message
to anchor RNC 122(. Then, at operation 14-3, anchor RNC 122¢ sends a diversity

15 moveover request message to Target RNC 1225. In response, operation 14-4 shows
Target RNC 1225 allocating a diversity handling unit (e.g., DHU 1303) to be the
recipient of the moveover. Details of DHU allocation of operations 14-4, like various
other operations of Fig. 14, are understood with reference to analogous operations
previously described in connection with Fig. 7. Upon completion of the DHU

20 allocation, at operation 14-5 target RNC 1229 sends anchor RNC 122¢ a “DH

moveover proceed” message.

After Target RNC 1225 indicates set operation 14-5 that DH moveover
may proceed, at operation 14-6 anchor RNC 122 sends a “transmission path SETUP”
message td Térget RNC 1227. The transmission path SETUP message of operation 14-

25 6 serves to set up an inter-RNC transmission link connection between anchor RNC
122¢ and Target RNC 1225. The message of operation 14-6 may be sent through
intermediate switching nodes or via a signaling network. In some embodiments, the

connection set up by operation 14-6 may be set up all the way from Anchor RNC 122¢



swi tchover in Source RNC 1221, all traffic on inter-RNC link 132 invol ving
all legs of the nobile connection with nobile station M5 fromto RNC I/ F
unit 1461 - -wygedr@tdied t hrough switch 1401 and di versity handaavsposiiisg DHU)
1301, as indicated by the lines PRE-X in Fig. 3. Upon receipt of the

swi t chover request, RNC control unit 1421 of 10 Target RNC 1222 perforns a
sw tchover procedure as indicated by o ation 7-10 [see Fig. 7]. The
swi t chover procedure preferably occurs in between frame transm ssion in
order t otcaazhchctivaibase station.e UpenegtablislmentadfitheinterrBNG trgnsmaissiomlink
previously be reached between Source RNC 1221 and Target, RNC 1222. In the
swi t choveennsciendairapesatian4-7{Fasget RNG 123@endna r wangmissionpath 15 gper at es
switch 1 t nnect RNC .|/ F up] 461 through switch 1401 to MSC | F/ unit
144 err] " 5§,Sagﬁé0ﬁqifgo,f:>%g€i<2 G Fig. 3. As aresult of the

swi tchover, franmes from MSC 1241 are routed through switch 1401 for
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occurs between Target RNC 1227 and each active base station.

Upon obtaining synchronization, at operation 14-11, Target RNC 1225
10 sends a “switchover request” message to Anchor RNC 122(. In response, at operation
14-12, the Anchor RNC 122() performs the switchover procedure. After completion of
the switchover, at operation 14-13, Anchor RNC 122 sends a “DHU release™ message
to Source RNC 1221. In response, at operation 14-14, Source RNC 1221 returns a
“DHU release confirmation” message. Further, as indicated by operation 14-15, Source
15 RNC 122 sends a “transmission path release” message to Source RNC 122 as

reflected by operation 14-16.

At operation 14-17, Source RNC 1221 sends a series of “transmission
path release” messages to Target RNC 1225, one message for each active base station.
In response, at operation 14-18 the Target RNC 1225 returns a same number series (one
20 for each base station) of “transmission path release complete” messages to Source RNC

122].

At operation 14-19 Source RNC 1221 sends a “DH release complete”
message to Anchor RNC 122(. Anchor RNC 122 responsively sends at “switchover
confirmation” message to Target RNC 122 at operation 14-20. Upon receipt of the

25  “switchover confirmation” message, Target RNC 1225 sends, to each active base



1402 and applied by RNC I/F unit 1462 to inter-RNC link 132. In Source RNC
1221 25 the franes are routed through switch 140[err] to MSC 1241,

bypassi ng div. |ty handover unit (DHU) 130[err] . 19 As_indi cated by
operation ‘g'bf(%},ﬁ%dgon conpl etion of switchover Source RNC 12PGT/SE§(92134
signaling nmessage to Target RNC 1222 with a swi tchover confirmation. Upon
recei pt of the switchover confirmatio RNC control unit 1422 of Target RNC
1222 operates switch 1402 to rel ease 38”5 PBUl-1 and PBD1-1 fornmerly 5

by bascaRt Forapp ol DHLT mafed RikiatoR £5:01098 1R e BRITE o poc ™
an avaiyaglketiof $ends 2 “reféasé fink résPolte” mbasP By T@r%gRggggﬁg?.aw th nobile

station M5 involves only the |l egs which utrlizet tion-connecting
ports newWy involved in connection with the diversity handling noveover.

i 0hin Target R A55S s EESMEeaer AACREL Bllcorlectioh W K" 1EbRY 00
descri hdent Vi inRimie8€Eswitching nodes. Moreover, various operations or
5 combinations of operations may be performed in parallel. For example, operations 8-11
may be performed in parallel with operations 6-7. Further operation 15-16 may be
performed in parallel with operation 17-18. Message (e.g. signals) for transmission

path set up, connect, release, and complete as used herein are similar to ISUP.

The mode of Fig. 13 and Fig. 13 A shows a generalization of earlier
10 depicted modes. It should be accordingly realized that the present invention

encompasses systems having any number of radio network control nodes.

The present invention also encompasses situations in which plural
diversity handover units (DHUs) are moved together. Fig. 15 shows general operations
performed in conjunction with a plural DHU moveover, in particular “N” number of

15 DHUs. At operation 15-1, the target RNC allocates N number of target DHUS.
Operation 15-2 shows N connections being set up between the Anchor RNC and the
Target RNC. At operation 15-3, each active base station is connected to cell N target
DHUs. Then, the anchor RNC performs N number of switchover operations (operation
15-4). As shown in operation 15-5, on each of the N connections, the base station

20  transmits data from Target DHU when it arrives, and before that data from the source

DHU.

It should be understood, however, that the switchover from Source DHU
to Target DHU need not be simultaneous for all N connections. The switchover must

not be done for all N connections to a mobile station.



to Fig. 7 (which can be simlar to the MAP protocol enployed in GSM,
inter-RNC link 132 carries traffic or user franes as well as dummy franes
and synchrogwa@edi?om adj ust ment frames. Exanples of traffic fredpstogfosiss
are shown in Fig. 8 and Fig. 8A. 15 Fig. 8 particularly shows an uplink
traffic frame which has a franme type field 8-1; a franme nunber field 8-2; a
quality indicator field 8-3; and, a usé&l traffic data field 8-4. Fig. 8A
shows a downlink traffic frame which has a frame type field 8A- 1; a frane

nunber field 8A-2; Inatihé,ensbqgiémntsmb?ml?ﬁddmrainf f@LSdlégAf aimpfliciteomlyilael_imftzd

s, MR . - e
gl oAb B A B o oS
870, ' Theuddiitopd el JHErifld ald Blealdt oty B biok SBerieiiuding il ofie PafE T

handoversiatibd) dathd cdrhesRUes feaa{lnﬁ@,ra\ﬁara@c&&rg?gly%ﬁﬁﬁé gﬁ{ﬂrbgfngf Hg»f%ia

swtching center MSC) the user traffic data he bes of

the fy anewl wpliek beffersiih leach divessityfiandevarumie(DHU) i3 dépendatetheteonst at i ons
invol ved for the connection with nobile station M5. The frane splitter, on
t he ot heMoane@ner, i showld behmndgssseod that thecradin access nétwoblg seg.gadioi anesss nvol ved

i i | tati ) taches t fra nunber for
]Icinef ge&&? neg]téggéi %@%rlsng%%ﬁﬁésén E)%genstal\l/t?onsaont e{:i agan addpt?ona[ to those

illustrated.

In the foregoing discussion, the MSC I/F units and the RNC I/F units have
10 been illustrated as separate interfaces. It should be understood, however, that these

interfaces can be combined into a single transport network interface unit.

In the embodiments herein illustrated, the connection between RNCs has
been shown as a direct link. It should also be understood that such connection can
instead be switched via any intermediate node. For example, in an embodiment in

15 which such connection is switched, the intermediate node can be an MSC, an RNC, or a

node in the public switched telephone network (PSTN).

Moreover, it should be understood that an RNC most probably is
connected to several other RNCs (e.g., as many as eight), and that plural inter-RNC
20 links may accordingly be provided. Thus, reference herein to connection to an inter-

RNC transport links refers to an appropirate one of a potential plurality of such links.

The reader should appreciate that plural RNCs can be collocated to form
“clusters”, and that from outside the cluster the cluster is viewed as being a larger
“logical” RNC. A physical inter-RNC connection can thus be within the bigger logical
25 RNC as well as between RNC clusters.



20 timng unit (e.g., timng unit 141 [err]) supplies the diversity
handover unit (DHU) wth a franme nunber and with a frane nunber clock

ref erence. franme, an exanple of which is illustrated in Fig. 8B,
can be useﬂlagg&%t abl i shnent of communi cation and synchr onf"i’é(????fp%men no
real traffic is to 5 be sent. The dumy frane is also used in the downlink

from Target diversity handover unit (RKkU) 1302 to the base stations before
swi tchover to establish synchroni zati©oh. The exanple dummy franme of Fig. 8B

i ncl udes a {1 ame AN @erfakith dnd Bickies B liveiRe Wi (obvERd doriBRd et TV

data field 8B-4. A synchronization frane, "such a at shown 1n Fig. 8C is
enpl oy gutedumd that handoves Yhe nheniddig and/@dienlirg ¢f bast sation Tegs)éxanpl e of the
synchronj zation frane shown in Fig. 8C includes a frame type field 8C 1
and an iphiibited watil theadiversityod handling ®oveover prenedurepid sopmpleted i nvention, the
adj ustment value data field 8C4 contains a positive or negative tine

of fset value. As nentioned above, such as with reference to operation 7-1

of Fig. 7, for 1T hegpresauténvention peotides numeroud 4@PamdgeSpmchalifgiC 1221
determ nes when to initiate a diversity handover unit noveover_ procedure.
| n $he qptisiigatierdoEresoutices af thenetwork area. For example, the duration of utilization

of legs between base stations and diversity handover units (DHUS) is reduced.

Moreover, the present invention economizes transport resources on the inter-RNC links.

While the invention has been described in connection with what is
presently considered to be the most practical and preferred embodiment, it is to be
10 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.

anvi



decision is based on optim zation of transm ssion resources. One exanpl e of
logic inplemented in the course of the diversity handling nmoveover decision
is reflecteqydBodigs 9. 20 The diversity handovepchgkds/nzizs
noveover decision logic of Fig. 9 involves (after an initialization step
9-1) a periodic determnation (at step 9-2) whether any base station

managed by Source RNC 1221 is involved 3% the nobile con th m)bl | e
station MS. If the determ nation at step 9-2 is negative mn} Mb’
§e

back to MEHARISICEA pation of step 9-2 at a futu
should the determ nation 25 of step 9-2 be positive, i.e., no base statlon

managed by Source RNC 122[err] is involved with nobile station M, a Timer
Tl is set (step een hereipafter, .Timer TI oyed to
count bract a Bot P APERETRG elcatthinick i siren e weld Gripiings. o
I f a base sta &' d bile
connegt I on fopgﬁgb%?gﬁg{ﬂﬁln%ﬁ%gf@goﬁ% P ng;é(%?drjgg(gn %Er%cgﬁt I al
noveoyer cbﬁn&‘ﬂi%hfsbﬁﬂxrignébe(ré‘ﬁorﬁst P anébilelédtRkctidn hﬁuﬁhﬁ.@am@@ﬂ a'plaRlitp’ | or
to | ooping back to step 9-2. If

4  of base stations; and

5 allocating a second diversity handling unit to perform the connection combining

6 and connection splitting operations only after it is determined that the connection

7 combining and connection splitting operations should be transferred from the first

8  diversity handling unit.
1 2. The method of claim 1, wherein it is determined that the connection
2 combining and connection splitting operations should be transferred in accordance with

3 one of addition or disconnection of a base station.

1 3. The method of claim 2, wherein it is determined that the connection

™~

combining and connection splitting operations should be transferred when a

predetermined relationship exists between a first number of base stations served by a

(93

4  mode whereat the first diversity handling unit resides and a second number base stations
5 served by a node whereat the second diversity handling unit is to reside.

1 4. The method of claim 1, wherein a determination that the connection

2 combining and connection splitting operation should be transferred is based on

3  transmission cost.

1 5. The method of claim 1, wherein it is determined that the connection
2 combining and connection splitting operations should be transferred in accordance with

directional movement of a mobile station involved in the mobile connection.

(73
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5 Tinmer Tl expires before a base station managed by Source RNC 1221 is

added to the nobile connecti i tion M5, steps 9-7 anhd 9-8 are -
performed. At step 9-7, anot!mmmmf; ”m”mfed as the Target RNC. Once the '
Tar get RNQ"‘HQ%”’Jégn sel ect ed,* t ie DHU' nDveaver procedure ag’(‘&'&ﬁ??’PHéﬂ in g
Fig. 7 is perfornmed (as represented by step 9-8 of Fig. 9). 10 '

In connection with step 9-7 of Fig. 9 gescri bed above, it is possible that
nobile station MS may be in radio con? ct with base stations, sone of whom

bel gngi ng t ' ' . I ' ' j: ,n Fig.
10, qSour ce %@%@%&%ﬁ}?ﬁ%g’@ gé‘fég{@gtﬁﬁ rﬁe@&%@ﬁﬁ%ﬁg@é Eﬂﬂ?ﬁ%%@nd Tar get
RNC,1223fia$ n6a¢) dhé &t R hiotle coh6llitig it §et o BASH staoD YR vdierdin Beesbeord |t
will be appreciated that yet nore RNCs 15 nmay be in contention for receipt
of Bhe diversity haydlimgudhit sosifuatedd: 4t arsecontbnaxden therecand node somtvallingaei n bei ng
exenplary and not limting. Variations of the diversity handling noveover
decitsi saconshset ofpasg gfationsoccur in differing enbodi nents. Wereas the
exanple of Fig. 9 requires that no base station be nanaged by Source RNC
1221 before the diversity handling noveover is 20 perforned, other

R e R L T T
gé 3 rmgleea,Rfl'{%we@y,Qne €ikdtindide %oﬁmﬂlihg aSfiist Seftiof Badestatihsy afid &thiefdin asewdtidh

3 node controls a second set of base stations and a third node controls a third set of base

4 stations, and wherein the method further comprises:

5 selecting between the first node and the second node as situs for the second

6 diversity handling unit

1 8. The method of claim 1, further comprising:
2 performing a switchover operation after completion of the allocating in order to

3 remove the first diversity handling unit from the mobile connection.

1 9. The method of claim 8, further comprising:
2 routing uplink frames from a base station participating in the mobile connection
3 to both the first diversity handling unit and the second diversity handling unit after the

4 allocating and before the performing of the switchover operation.

1 10. The method of claim 8, wherein the switchover operation is performed at an

2 anchor node.

1 11. The method of claim 10, wherein the first diversity handling unit is situated
2 at a first node, wherein the second diversity handling unit is situated at a second node
3 and wherein the anchor node is physically distinct from the first node and the second

4 node.
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1221 manages only.one base station involved in the nobile connection, and
Target RNC 1122 manages a pred ) (greater than one) of base
stations 25yo99ueteed in the nﬁmwuﬂmﬂgwan As an exanpl ecefseog)eiiber
variation, information regarding derectivonal iy of novenment of nobile
station M5 may be considered for determ ning when to perform 22 the
diversity handling noveover. In this regmrd, RNC control unit 1421 can
adm ni ster a database wherein is stored a | og of coordi nates or other
geogr aphi cal i2diThetmethod of ciaimt I, fortharceommrisiegt f r om nobil e station MS or
actually reported by nobi|e station MS. By analysis of such | og, RNC
contrdl unit Ppadpening ¢switehaver aperatian afler epmpletionof dhe allocatipgdnorderrtor
nobile station, ot a.predicti based. on pri ot .history. of venent

Tobi 15 stenptithechnst abratyandDag SRRdrom BEmBbig rondrctisd, arbim iy ofbsi nt
at V\hj‘Chs‘gi%ﬁ,‘é 'rty handl i ng noveover woul d optim ze resources of the radio
network area. Information regarding directionality of novenent of nobile

stati on M5 mayhdesitis 8 de@sndPmbBilé SWwitdhiag cefilep€d teplackPfifst BASHIR! swildhing Oor a
new DHU situs is

6 center for handling the mobile connection.

1 13. A telecommunications system comprising:
2 plural nodes each controlling a corresponding set of base stations;
3 a first diversity handling unit residing at a first of the plural nodes, the first

4  diversity handling unit performing connection combining and connection splitting

s  operations for a mobile connection maintained through a plurality of base stations;

6 wherein the first node causes allocation of a second diversity handling unit to

7  perform the connection combining and connection splitting operations only after it is

8 determined that the connection combining and connection splitting operations should be

9 transferred from the first diversity handling unit.
1 14. The apparatus of claim 13, wherein it is determined that the connection
2 combining and connection splitting operations should be transferred in accordance with

3  one of addition or disconnection of a base station.

1 15. The apparatus of claim 13, wherein it is determined that the connection

[ (9]

combining and connection splitting operations should be transferred when a

[F3)

predetermined relationship exists between a first number of base stations served by a
4 node whereat the first diversity handling unit resides and a second number of base

5 stations served by a node whereat the second diversity handling unit is to reside.

1 16. The apparatus of claim 13, wherein a determination that the connection

2 combining and connection splitting operation should be transferred is based on

3 transmission cost,
This Sheet Has Been Replaced
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10 required [see, for exanpie, selection step 9-7 of Fig. 9]. Another

e S T

costs for BVEH A, ng connecti én fo hodil & sfation M5 (incl 134, egs
reaching all base stations) is first determ ned. Then, for each potenti al
RNC to which diversity 15 handling c3)§JI d be noved, a total cost is
determ ned for the connection for nobilTe station (again including all |egs
reaghing al lj7bagge ghpdraRROF clalfl B, wHRBiniibisCRraHifsH thut B2 QRRE&IdY - def i ned
or self-configured netric, and I ncludes the cost of transm ssion between
any 2paicomifinini@ndaofnedtiorcspditting operations shoutihbdramsferrediin &dordende twith base
stations it manages. In accordance with this variation, the diversity
handl i sirestioral\aevementiof ayupbile stationinyvielvad irds: siobéle conrpectione current
Source RNC is determ ned to provide |ower transm ssion costs (including
threshold margins). Fig. 9A shows an exanple of diversity handi ng noveover

deci, si on- i i j n 1.S.S) as
decist on- "3, he kS obBIAA 13" Al RS Aok SRS P
dechsi %eﬁﬁftf%lhfﬂh@d@sf afdiflis @ﬁhe@%e&ﬁ@@ivgéity%aling tinits det erm ned

whet her a base station has been added or renoved fromthe set of base
stations involved in the soft handover servicing of the nmobile connecti on.

If there
1

19. The apparatus of claim 13, wherein the second diversity handling unit
2 requests the first diversity handling unit to perform a switchover operation after
3 completion of the allocating in order to remove the first diversity handling unit from the

4 mobile connection.

1 20. The apparatus of claim 19, wherein during the allocation a base station
2  participating in the mobile connection routes uplink frames from to both the first

3 diversity handling unit and the second diversity handling unit.

i 21. The apparatus of claim 13, wherein the switchover operation is performed at

an anchor node.

w
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23 is no change in the nenbership of the set of base stations, the | ogic of
Fig. 9A | oops back to step 9A-. Hfmuwjmﬂuﬂ”gﬂgbershl p can be respectively
moni t or ed.. Wb gehkersrenber shi p of nge, at steppPivsposodiogp! of
candi dat e RNC nodes i s devel oped. fheLpOBI Yoes not include the RNC node at
which the DHU 5 currently resides. Then, at step 9A-4 the fictive

transm ssion cost for each candidate RBZ node in the pool is calculated.
Simlarly, at _step 9A-5 the fictive transm ssion cost for the node where
the BHU cur r &3 | The apnasetys of claim@l, aherkin the Hrse giversie, handling whit isr ni ned
whet her Lt | ost effective to have DHU .noveoyver. The cost effectiveness
s det erited %3 g neden hezeinitas seraan dAveasikkanling urst isyuiatediab aiseaend

fictihve 1 SiSd i . .Ql.nal. or threshol.d rgi n cost
Fact or (5ot itere B8 hendrlodt IS bRS PGS et AR AOHE aB8 e ot o
RNC godgecatitPnédd., conparing the same with the fictive transm ssion cost of
the RNC node where the DHU currently resides. If the RNC node where the DHU
currently resides remains the | east expensive, no DHU noveover is necessary
and the |logic | oops back to step 9A-1. 15 If it is determ ned
at step 9A-6 that a DHU noveover is cost effective, at

This Sheet Has Been Replaced
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step 9A—7 the candi date RNC node with the |east fictive transm ssion cost
%y cted to be the target RNC node. Then, at step 9A-8 the DHU noveover
2 e Tar ged ob¥ggnode (sel ected at step 9A-7) is initiated. pch/seds/ezsss
déterm ned at step 9A-9 that the DHU noveover was a success, the |ogic of
Fig. 9A term nates as shown by step 9A-10. 20 O herw se, the | ogic of Fig.
9A is re-started by a | oop back to st 9A-1. The cal cul ati ons of steps
9A-4 and 9A-5 to determine fictive tr i ssion costs are now described for
a representative node (RNC(i). It is assuned for sake of discussion that
there are "j" nunber of base stations included in the set involved in soft
handover for the nobfTe connecEﬁ and t hat] each bas t%i on BS(1) is
tie

descri bed as 25 beinp controll RNC(r(j)). Then, I“ctive

transm ssion cost C(|) for node RNC(i) is determ ned &s foll ows: 24 c(i)
= [err] cost(RNC(i) to RNC(r(jp)) + cost(RNJanchor) tjo RNC(i)). The
meani ng of "anchor" W | éfrei nafter be expl i nggec but in the node
illustrated in Fig. arehor RNC can betprestmed—to be the Source RNC
The cost A e X
' 2 2,
: S S
+ | RNC S RNC .
: DHUM :
: 30 :
1 1
+|Bs| |Bs| |Bs BS| [BS| |BS
1 201 261é | 2613 2601 2622 2673 :—” 20
B Ll R F :
1 —_— t
s :
FIGO 1
PRIOR ART
244 24,4
MSC 4 MSC 4 .~ 20
P | SouReE 2 TARGET :
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: 30—~ W%m 281 \ ;
: BS| |BS| |BS BS| |BS| |BS
! s 7o) E
: 2813 '
: MS |
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: :
FIG. 1A
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for the various RNC to RNC connections can be set or input by operation
command. 5 Alternately, information can be utilized froma routing

prot ocol suelipagaFN , specified by ATM Forum One possi bil i tyci/sedsmzime
the number of intermediate swi tching nodes as a nmetric. For exanple, the
cost between two RNC nodes can be the nunber of internediate sw tching
nodes in the transm ssion path betmeﬁg%kﬂﬁ two RNC nodes. In certain
situations, a nobile connection for I station M5 may be 10 supported
by two or nore diversity handover units (DHUs) in parallel, e.g., for
different |ogical channels/services). An exanple of such a situation is a
nobi | e station having[plural sefvigges (e.qg. I'ti medi a|serqj.ces), in which
each service has one ¢f a corresﬁbzging pl ur i calF channels in
paral lel. These |ogicgal channelp may have different requirenments for
bitrate, delay, and ofher charafteristics. In this exanple, |5 one DHU
serves one | ogical In {he base stati | ogi cal channels for
such a nobil e connecti tiplexed with nels). Thus, there
is a base statipn=~RNC( =PBC'CGHHEEIFOﬁ'FGF”@ﬁtT'F6§F€H1 channel Even
if the | ogical el s are handl ed together over tlhe raggo interface
(e.g., BS-MB), }hey tql ed separ j 1€ 2e ktation. In
such case, each:DHU SGURQEm vep i ndepe ‘}‘, he 20 DHU noveover
procedure of the prepe®NC b@m o dntrol channel
signaling definks th et 5 2 65 aneﬁ liﬁt

BS| |BS| |Bs
E | 1 262, :
| B0 [ys]| B2 g
: —_— !
e o e e e e e e e e s e e . — - - - = - o
FIG. 1C
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As enpl oyed herein,

timng on the radio interface is maintained,
%ﬁtations and the nobile station at,

bet ween th

intervals 1na certain phase.
bet ween Target RNC 1222 and al
station (BS) 1262,1 and base statio

bet ween Source RNC

synchroni zation includes the principle that existing

| ar get
RNC 1221 and Tar get| RNMS 2,} @ [se stati
nobi |l e statiqn NS Lto-Tpt rget diiversity

uni

After 25

bot h) base stiati

connection, firane
i ndi cator [sde Fiq.
(at | east beftore t

Tran

8%2i ng the

2
.1 o-ptT et
Sour ce di versijlgz\; hando&er u - e s
di versity han ég (DHa; 1302 rgqggve f:anes
ors.
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e.g
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1302 indicates to .RNC control unit 1422 when synchroni zation is
established. In the dowlink, diversity handover unit (DHU) 1302 determ nes
an initial- capegrdmse tine for nunbered downlink frames based mir/&rv8/02134
recei ved nunbered uplink frames, and starts transmtting nunbered downli nk
dummy frames [see Fig. 8B]. |5 The base stations receive the nunbered
dummy franmes and instruct diversity hdf@@ver unit (DHU) 1302 to adjust its
departure tine if the franes arrive too early or too late. Further, the
base stations indicated to RNC control unit 1422 when synchronization is
established. Wen Target RNC 1222 determ nes thg], syncfoni zation is

established 20 for both uplink and downlink, T rget 1222 so inforns
Source RNC 1221 using the swi tchoyer request of pperation 7-9 [see Fig. 9].
At that point, Source RNC 1221 W(Wrrs t he| rocedure 7-10 as
descri bed above. Vhen valid frane sty t to|BIGNAMNGHROm Target RNC 1222 to
each invol ved base station (e.g., |pbase statipn YME) lerr] 51 d base station
(BS) [err] ), the rittitng (tp nobi‘t¢ 25 station
MS) the frames re¢diNed from] C 1222 ratvher than ¢he frames
recei ved from Soufce_ RNC 1221 - _ % CON¥1§OL\
a v v
141, —"| TIMING . \IT
| il 1 rosex ‘/;, — [~
4
'SITCH L
) l----c
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ANSPREX UNIT L
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J 7 L 132
40, BSIFUNT | 146,
A YN
[ X1 ] L148]
Y \ A
TO BASE STATIONS
130
myy
DHU N\ / 16y
~ ¥ P
BOFERl— -
»| FRAME .
M\ AT ek
lirf‘?c - . DHU 1661\ ,J1681-1 ’\: 176
CONTROLLER |t 164, In
coll}lgll%m - FRAME |BUFFER}<-—~"\,178H
>ISELECTOR|<~ BUFEER }F%gl{ln%ﬁs
180] BUFFER ( )
1681-]1
\\' 17810
k\ 16819 174,

170,

FIG. 4



26 If the total delay is increased using diversity handover unit (DHU) 1302
of Target RNC 1222, certain activities may occur. For exanple, if tine

al-i gnnent to the nobile switchi ng center (MSC) is supporte y
handover W§¥R99/3PHU) 1302 can send commands to the nobile S\%IC'ETC }‘ﬁgﬁ%{ent er
(MSC) to adjust its timng. During 5 this adjustnent process, however,
sone franes may be lost. If tinme alignnent to the nobile sw tching center
(MSC) is not supported, a frane slip may occur. To avoid this problem an
initial connection should be set uﬁ Mth sufficient delay nargins (e.g.,
sonme extra buffering in diversity handover unit (DHU) 1301). Fig. 2 - Fig.
2C illustrates diversity handling noveover, e.g. noveover |0 from DHU 1301
of RNC 1221 to DHU 1302 of RNC 1222, as nobile station M5 traveled to
utilize only base station BS 1262,1 and 1262,2 controll ed by RNC 1222. Fig.
11 - Fig. 11 C g&ogressively show stages of a return diversity handling

noveover as m)b’rw ravel s bagk to utilize only base station BS
126 1,2 and [ g-~—qontrol | ed RNC 1221.] 15 The procedures

and operagi}a-s i nvgl yed in the&return of |diversity handling noveover,
especi al I'Y"as d%i qtqd in Fig. 11A - Fig.] 11C are understood from analog to
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t he procedures and operations aforedescribed with respect to Fig. 2 - Fig.
2B, respectively. However, since the DHU allocated in RNC 1221 upon return
di versity .hgyglbgsmggainmoveover is, in fact, newy allocated and pCR/SE98/02134
necessarily the sane as former 20 DHU [err] the new DHU of RNC 122[err] is
referenced in Fig. 1B - Fig. 11C as DHU 1301. The return diversity
handl i ng noveover of Fig. 11-Fig. 11C is conducted under the condition that
DHU 1302 of RNC 1222 is connected vi C 1221 to the MSC 1241 handling the
nobi | e connection. Thus, until diver i handl i ng noveover 25 returns back
to RNC 1221 as depicted in Fig. 11C, the inter-RNC link 132 carries both
(1) franmes between MSC 1241 and DHU 1302, (2) franes between DHU 1302 and
base 27 station BS 1261,2, and (3) franmes between DHU 1302 and base
station 1261,3 [se Fig. 11A]. MSC 1241 is connected to RNC 122 1. The
situation depicte&i'n Fig 11A - Fig . 11C aof having inter-RNC |ink 132

carrying so many fra can be ¢Bviated if,| at an appropriate tine (such as
the time =
S -
= Y Y
]
= =
2 — | o] <] W} ]
= 2288 88 @ o =
a oD H
2 8
3// - .
) e
L > >
- S \ \ -
= \' N \
= ]
Sl RO <
= oD a
ol v
P
o3 —
=) = —
E (= /
F_ / . >
Se J .
o= ~
jo o}
== ) I I -~
E - <\\ -
y S 3
S
o
== St
= =
85 =5
[
=
(==
\ \ A
3 o \
= £ VoS




5 between the tinmes shown by Fig. 2B and Fig. 11, for exanple) there is a
change of MSC handling the nobile connection. For exanple, traffic on
inter-RNC link 132 can be reduced if the nobile connection_is g d such
that MSC YO®73781,1i | zed rather than MSC 1241. \Wen such 5054“"{%??2@ i"f MVBC
is inplenented, the return diversity handling noveover back to RNC 1221 is
as shown in Fig. 12-Fig. 12C rather than as in Fig. 11- 1O Fig. 11C At
the tinme shown in Fig. 12C, consideration ought to be given whether the
nobi | e connection shoul d change bag&q o using MSC 1241 rather than MSC
1242. Modes of the invention previ y descri bed have invol ved a Source
RNC 1221 and a Target RNC 1222, one of which is connected to the MSC

handi ng the nobile connection without an internediate RNC. Fig. 13 and Fig.

13A depict a 15 ifferent node in which the nobile connection utilizes MSC

1240 and wherein C 1220 functions as an "anchor" RNC. An "anchor" RNC i s
an RNC nobst cl osel " inent MSC for the nobile
connection ang—-s—f N¢ RNC whi gh_perforns|the sw tchover of a diversity

handl i ng foveqver {ojconngct &ngw DHU. |in reality, all nodes of the
i nventiominvgl & {hfegepgieat ANC$ for |20 perfornming diversity handling
moveover: (1) a§" anthdr " hilchlg rns the switchover to connect a
new DHU; (2) ¢ oprce” R\Ithi&h\;:)ntrols the old DHU and whi initiates
the diversity |hg@d i g |BEbyBageiSpEosedur e; amsg Qés) a "target" ERNC
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Lo L
=]
== aa)
2 & v
O
| e
S o o &5
o B =
2 £ f’
£ /A
s WA
= -
25 & -
%: A\\ -
~ Ty g2
E 2= a Al
Y
S
= Sy
= o2
5= =
=
==

Uy —
14, —

132




whi ch controls the new DHU (and whi ch becones the source RNC after the
diversity handling noveover procedure is conpleted). In the precedi ng node
of Fig. 2-Fiwo9@®74£5 RNC 1221 functioned both as the sourcepENGeeR134e
anchor RNC. In the nodes of Fig. 11-Fig. 11C and Fig. 12-Fig. 12C, on the
ot her hand, RNC 1222 functioned as the anchor RNC 1220. 28 I n the node
of the invention shown in Fig. 13 and §0P@. 13A, anchor RNC 1220 perforns
the switchover whereby the diversity handling is noved over from DHU 1301
of Source RNC 122[err] to DHU 1302 of target RNC 1222. Fig. 13 shows the
situation prior to diversity handling noveover; Fig. 13A shows the
situation after 5 conpletion of diversity handling noveover. Fig. 14 shows
a sequence of operations involved in a diversity handling noveover
procedure according to the node of Fig. 13-Fig. 13A (i.e., a node in which
an "anchor” RNC other than the source RNC or the target RNC performthe
switchover). Qperation 14-1 shows the Source RNC 1221 maki ng a deci sion
that a
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| 0 diversity handling noveover should occur. Such decision can be nade
according to any of the various criteria herein described, such as the
criteria 0%9529'7? or Fig. 9A, for exanple. Once the diversity handling
moveover dé ¥¥has been made, set operation 14-2 source E@?&@“§bnds a
"diversity handling (DH) noveover initiation" nmessage to anchor RNC
122[err]. Then, at operation 14-3, a&%ﬂg RNC 1220 sends a diversity 15
nmoveover request nessage to Target R 222. In response, operation 14-4
shows Target RNC 1222 allocating a dlverS|ty handling unit (e.g., DHU 1302)
to be the recipient of the noveover. Details of DHU all ocation of
operations 14-4, |ike various other operations of Fig. 14, are understood
with reference to anal ogous operations previously described in connection
with Fig. 7. Upon conmpletion of the DHU 20 allocation, at operation 14-5
target RNC 1222 sends anchor RNC 1220 a "DH noveover proceed"” nessage.

Af ter Targ%b C 1222 indicates s? eration 14-5 that veover nay
proceed, at ration 14-6 anchor 1220 sends a "tra ion path
SETUP" nessa?e to Target RNC 1222. e transm ssion pat P nessage of
operation 144 25 6 serves to set up an inter-RNC transm ssion |ink

connecti on thmeen-anehoL_$NC 20 @and Target RNC 1222. The nmessage of
operation 1446 ﬁﬂﬁU&@V&BﬁRr&n; gh ynternedi ate sw tching podes or via a
si gnal i ng netf®ork. DEGQSENne |embodi mepts, the
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connection set up by operation 14-6 nmay be set up all the way from Anchor
RNC.1220 29 to each active base station. Upon establishnent of the

i nter-RNC t Men29M734ti on | i nk connection, at operation 14-7 TargelsEshipris422
sends a "transm ssion path CONNECT" message to Anchor RNC 1220. q)eratl on
14-8 invol ves Target RNC 1222 sending an "additional link 5 setup" nessage
to each active base station served by]b(j'/g poet RNC 1222 for the nobi | e
connection. In response, each active baSe station returns an "additional
link setup response” nessage to Target RNC 1222. Then, at operation 14-10,
synchroni zati on occurs between Target RNC 1222 and each active base
station. Upon obtaining synchroni zation, at operation 14-11, Target RNC
1222 10 sends a "sw tchover request” nessage to Anchor RNC 1220. In
response, at operation 14-12, th@LB\IKd‘MﬁFICMELZZO perfornms the swtchover
prOCEdure. After COTTpl et :Jun ofr—thersntchover——at oret ation 14-13, Anchor

RNC 1220 sends a "DHU reljea%e"| pgs$ade |t oUSBRIRAGICBARA 1221. In response, at
NC 1421 rdturnds o 8

81 82 §-3 §4

FIG. 8
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"DHU rel ease confirmati on" nmessage. Further, as indicated by operation
14-15. Source 15 RNC 1221 sends a "transmi ssion path rel ease" nessage to
Source RN reflected by operation 14-16. At operati 3 Sour ce
RNC 1221'§Eé§§&§ageries of "transm ssion path rel ease” nesggggéﬁ?éz?grget
RNC 1222, one nessage for each active base station. In response, at
operation 14-18 the Target RNC 1222 returns a sanme nunber series (one 20
for each base station) of "transm sdilfdd0path rel ease conpl ete" nmessages to
Source RNC 1221. At operation 14-19 Source RNC 1221 sends a "DH rel ease
conpl ete" nessage to Andhor RNC 1220. Anchor RNC 1220 responsively sends at
"switchove f +or]" nessage togflarget RNC 1222 at operation 14-20.
Upon rece ~G r~gonfirmation" nessage, Target RNC 1222

sends, tojeach ACARTYROCESSTORNEWBEU syation, a "release link to old DHU
message (pperation 14-2 1) In rn, each active base station sends a

"rel ease |ink response" hwessage—to—target—RNC—1222

Y
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MANAGED BY THE
SOURCE RNC INVOLVED IN
THE MS CONNECTION?

YES

START TIMERT1

}4
9-4
TIMER NO
Tl

ISABS
MANAGED BY THE
SOURCE RNC ADDED TO
THE MS CONNECTION?

9
SELECTTARGETRNC [
04
STOPTIMERT]
y 0-3
|~
PERFORM DH MOVEOVER PROCEDURE

FIG. 9

K



Vari ous ones. of the nessages described in connection with Fig. 14 may be
sent. via internedi ate switching nodes. Mreover, various operations or 5
conbi nati onaw@bd9/Ier ati ons may be perforned in parallel. For pepsidsieiig
operations 8-11 nmay be perfornmed in parallel with operations 6-7. Further
operation 15-16 nmay be performed in parallel with operation 17-18. Message
(e.g. signals) for transm ssion path ﬁzkggp, connect, release, and conplete
as used herein are simlar to ISUP. T de of Fig. 13 and Fig. 13A shows
a generalization of earlier 10 depicted nodes. It should be accordingly
realized that the present invention enconpasses systens havi ng any nunber
of radio network control nodes. The present invention al sdA nconpasses

situations in which plural diversity handover u -BHSC)~ are noved
together. Fig. 15 shows gener af—operatio onj unction wth a
"N' nunber of DHUs. At operation

pl ural DHU noveover, in particpular
15-1, the target RNC all ocates|{ N nunber of target DHUs. Operation 15-2
shows N connections being set up between the Anchor JRQNC and t he Target RNC.
At operation 15-3, each active| base station is copiecthed to cell N target
DHUs. Then, the anchor RNC perforns N nunber of Aw tchower opﬁpﬁtions
(operation 15-4). As shown in pperation 15-5, 0n eggakg of e N connecti ons,
the base station 20 transmts] data from TayQetSTAMINADDEDTO t \arri ves, and

before that data fromthe sourge OR REMOVED FROM
SET SERVING MOBILE
CONNECTION
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DHU. It should be understood, however, that the sw tchover from Source DHU
to Target DHU need not be sinultaneous for all N connections. The °
svvi'tchove.rw:%ﬁ majalt be done for all N connections to a nobile station.

31 In the SMDod Ents described herein, for sake of sinpliciFCy/SERARI3
limted nunber of base stations (BS) have been shown as connected to each
RNC. It should be understood that differing and greater nunbers of base
stations (including just one base s'épg/ggn) can be connected to each RNC,
and accordingly that the nunber of downlink 5 and uplink buffers in each
di versity handover unit (DHU) is dependent thereon. Mreover, it should be
understood that the radio access network, e.g. radio access network 120,
can have RNCs and base stations other than and additional to those
illustrated. In the foregoing discussion, the MSC I/F units and the RNC I/F
units have 10 been illustrated as separate interfaces. It should be

under st ood, however, that these

TARGETRNC |/~ 43
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interfaces can be conbined into a single transport network interface unit.

I n t.he enbodi nents herein illustrated, the connection between RNCs has been
shown as a WO®2774i nk. |t shoul d al so be understood that sSuchcrReRREissON
can instead be switched via any internedi ate node. For exanple, in an
enbodi nent in 15 which such connection is switched, the internedi ate node
can be an MSC, an RNC, or a node in tiﬁ/@ubl ic switched tel ephone network
(PSTN). Moreover, it should be unders that an RNC nost probably is
connected to several other RNCs (e.g., as many as eight), and that plural
inter-RNC 20 |inks may accordingly be provided. Thus, reference herein to
connection to an inter- RNC transport links refers to an appropirate one of

a potential plurality of,such Iji nks. The reader 1] appy,eci ate t hat
plural RNCs can be cdllg égd J,é h@fm"cl ust rs"wqI Qnd a?j‘l}rom out si de the

cluster the clgster 4s-4rpned -as- bet g -a +-af geF -=pgi-ca+ = -RNC. A physi cal
i nter-RNC connecm'k n ca husfbe wt hID the brgger|logical 2% RNC as well
as between RNC,clu _ei. 132 143 12y v
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Al'l scenarios and nodes of diversity handling noveover described herein
presune that handover (i.e., the adding and/or renoving of base station

| egs) is i %E/}/‘?ﬂ until the diversity of handling noveover E_rrocedure is
conpl et ed. € present invention provides numerous advant agg TISEIRQ2L34 ng 5
optim zation of resources of the network area. For exanple, the duration of
utilization of | egs between base stations and diversity handover units
(DHUs) is reduced. Moreover, the preggff i nvention economni zes transport
resources on the inter-RNC links. While the invention has been described in
connection wth what is presently considered to be the nost practical and

preferred enbodinent, it is to be |0 underst . the invention is not
to be limted to th d'Mgosed qgﬁodi ment , e _copirary, is intended
to cover various i iodd” ah equi val nts included wthin

the spirit and stope~of tire appended Al WB- -~ ~"B3FWHAT"FStCLAIMED IS: 1. A

met hod of ope:rlél;kfg a \el ecg}mmni cat?_(wss sysgem t he rrzgt hod
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conprising: using a first diversity handling unit to perform connection
conbi ni ng and connection splitting operations for a nobile connection

mai nt ai ned tW@8YZIY4L plurality of base stations; allocating apefSpsbaize
diversity handling unit to performthe connection conbining and connection

splitting operations only after it is determ ned that the connection
conbi ni ng and connection splitting oazfzﬁlons shoul d be transferred from
the first diversity handling unit; / erein it is determ ned that the
connection combi ning and connect i on splitting operations should be
transferred in accordance with one of addition or disconnection of a base

station. 2. A nethod'Uf-UgeraH ng a tel ecomm system the nethod
conprising: using a firsMS@i velgt 1% handl i ng B#m connecti on
conbi ni ng and connectiOn. FpLLLLING OpeLati.qns

ile.cpnnection
mai ntai ned thr ﬁgGapluralit ; ;
di versity handi jnit t form t he-g43nnect}

| ocating a second
splitting operhtlon ﬁﬂ%y after it is deterniTgﬂCt atpt he* connecti on
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conbi ni ng and connection splitting operations should be transferred from
the first diversity handling unit; and wherein a determ nation that the
connecti on |-3kNg and connection splitting operation sho kﬁg&ﬁ
transferreﬁg;)#ggf;d on transm ssion cost. 3. A nethod of 03’ ?{52134

t el econmuni cati ons system the nethod conprising: using a first diversity
handling unit to perform connection conbining and connection splitting
operations for a nobile connection fgf(j ai ned through a plurality of base
stations; allocating a second diversity handling unit to performthe
connection conbining and connection splitting operations only after it is
determ ned that the _connection AVENDED SHEET 34 _conbi ni ng and connection

splitting operationg s d b nsferred ffro e fli diversity
handling unit; and Wy Op A 18 msee 1 -9
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wherein it

- second diversity handling unit
1, 2 or 3, wherein the first di
node,

t el ecommuni cati ons syst ANCHOR

handling unit to performRBN@nec
operations for a nobile connect
stations; allocating a second diveFsity handliﬁ

connection conbi ni ng

l22~1

[

the first node controllin
t he second diversity handling u
node controlling a second set o

hip exists between a first nunber
di versity handling unit

Z%Eﬁ?sthe first

is to reside.

ver hgndlpag unit

0| ai}\(édst ?gtmgf base stations,

nit ”s situated at a second node,
basge—st3ti ons.

et hdd con

[ i on Jconbi

on intdined t

SQURCE
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RNC

is determned that the connection conbining and connecti on
spli.tting operations should be transferred in accordance wth directional
novenent of VEORYEIZTHE station involved in the nobil e connecti opcT/$E9siRfs4
met hod of any of clains 1, 2 or 3, wherein it
connection conbi ning and connection splitting operations should be
transferred when a predeterm ned rel
of base stations served by a node wh
resides and a second nunber base stations served by a node whereat the

5. The method of any of clains
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and wherein
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and connection splitting operations only after it is determ ned that the
connection conbi ning and connection splitting operations should be
transferre e first diversity handling unit; wherein _the first
diversity ﬁgélg?ﬁgsgpunit is situated at a first node, the fi FSH/SFaYER134
controlling a first set of base stations, and wherein a second node
controls a second set of base stations and a third node controls a third
set of base stations; and selecting between the first node and the second
node as®situs for the second diversit dling unit. 7. The nethod of any
of claifds 1, 2 or 3, further conprisiﬂéyggerforning a switchover operation

after cérrp,L_eiinn of the allgcating. in order to renove the first div ity
handl i rgg unit from the nobi 3:;0H ection. AVENDED SHEET 35 8. The |met hod
of clai® 7, further conprigi <fouting uplink frames froma ba ﬁtion
participating in the nDbiFel §gction - —d
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to both the first diversity handling unit and the second diversity handling
unit, after the allocating and before the perform ng of the swi tching
operation.- woddherreeet hod of claim7, wherein the switchover omer/stis@diss
performed at an anchor node. 10. A nethod of operating a tel ecommunications
system the nethod conprising: using a first diversity handling unit to
perform connecti on conbini ng and conrﬁ)?zbon splitting operations for a

nobi | e connecti on mai ntai ned through urality of base stations;
al'locating a second diversity handling unit to performthe connection

combi ni ng and connection splitting operations only after it is determned
that the connection combining and connection spli tt| ng operations shoul d be

transferred fromthe first div i)erform ng a swtchover
operation after conpletion of fhe th in to renmove the first
diversity handling unit fromt ‘4&@ mmgy{:t n; wherein the sw tchover
operatl on is perforrred at an 4 chorOFmtR@ETD}ﬁ]sd

handling unit is situated at a

rein the first diversity
handling unit is situated at a second rjode and wherein the anchor

n the second diversity
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hode-is physically distifct fr ﬁﬂé&%ﬂaﬁd t he second]c oﬁ?ﬁ %21;2000

oyix "
The nmethod of any of clains 1, sﬂ:{ﬁ. ONpri sing: per
swi t chover operation after conpletion of the allocating in order. to renove
the first diversity handling unit fromth m)blle connection, and in view

of the sw tchover, choosing a second rmbl SW tchlﬁmuﬂ’mmm’ﬂmﬁMace a
first nobi er for handling the nobi
tel ecom‘rumb@ﬂgwdgsétgﬂﬂéﬁngonprl sing: plural nodes each cont ol fi ng a
correspondi ng set of base stations; 36 36 a first diversity handling

uni t residing ay. & hidtibd of obBRRGY RledRHREnidaiBnG i sySferliteméisghandi i ng

unit performng connecti on conbi ning and connection splitting operations
for a nobi cempdisingcti on mai nt ai ned through a plurality of base stations;
wherein the first,. nodfe causes all1l oglat ion of a.second diversity. handl ing
unit to using a first diversity handling unit to perform 3onnéction com ining and
connection splitting operations for a mobile connection maintained through a plurality
of base stations;
allocating a second diversity handling unit to perform the connection combining
and connection splitting operations only after it is determined that the connection
combining and connection splitting operations should be transferred from the first
diversity handling unit; and
wherein it is determined that the connection combining and connection splitting
operations should be transferred in accordance with one of addition or disconnection

of a base station.

2. A method of operating a telecommunications system, the method
comprising:

using a first diversity handling unit to perform connection combining and
connection splitting operations for a mobile connection maintained through a plurality
of base stations;

allocating a second diversity handling unit to perform the connection combining
and connection splitting operations only after it is determined that the connection
combining and connection splitting operations should be transferred from the first
diversity handling unit; and

wherein a determination that the connection combining and connection spilitting
operation should be transferred is based on transmission cost.

3. A method of operating a telecommunications system, the method
comprising:

using a first diversity handling unit to perform connection combining and
connection splitting operations for a mobile connection maintained through a plurality
of base stations;

allocating a second diversity handling unit to perform the connection combining
and connection splitting operations only after it is determined that the connection

AMENDED SHEET



IVIIULJU/ Wk bW TT

perform t he connection conbi ni ng and connection splitti rffg operati &l B QUUU

after it is determ ection conbi ni ng and connecti on
splitting operati on$ﬂﬂmuﬂ&lﬂgmlfﬂwf erred fromthe first diversity
handling unit; and whereintite 1 s determ ngg t hat the connection conbini ng
and connection splitting operations shoul #*be transferred in accordance

with one of addi.tion or disgconnect.ion of a base tion. (13, .

el ecommunFeapiting 38y FonRerfith spEHing Sraraions Suld Be tHHisied fiom the frs

cor r espondyp@rsithaidibgumiS halli ons; a first diversity handling unit
residing at a first of "the plural nodes, the first diversity handling unit
per form ng connwherein itissiterniged thiatdbarmenniestion pbimbining asgeanniestion splittiag

The iirst AaateonsenellrbB TR RP, Aecbribite i b Tl Prordliin ot Fistie

per f or m t hetagionriaedived irt thambb confle€iptinect i on splitting operations only
after it is determned that the connection conbi ni ng and connecti on

splitting operatiqns should be transferred fromthe first diversity

handl i ng unit; 4nd heyedhed pt any ofieleéngilndprtdh avharaid it isrdrtermineddbabihe ng

and connect,) | 14 L AG: ' 0 . s

o edet or mi 2GR S4BRIRPERE LbARBIELDIIR b RRhE eh Bl BE frafsterad when

served by a predetenminezhtelationship existd betiveiehya fisst dlumibgrwiibase stations served by
a mode whereat the first diversity handling unit resides and a second number base
stations served by a node whereat the second diversity handling unit is to reside.

5. The method of any of claims 1, 2 or 3, wherein the first diversity handling
unit is situated at a first node, the first node controlling a first set of base stations, and
wherein the second diversity handling unit is situated at a second node, the second
node controlling a second set of base stations.

6. A method of operating a telecommunications system, the method
comprising:

using a first diversity handling unit to perform connection combining and
connection splitting operations for a mobile connection maintained through a plurality
of base stations;

allocating a second diversity handling unit to perform the connection combining
and connection splitting operations only after it is determined that the connection
combining and connection splitting operations should be transferred from the first
diversity handling unit;

wherein the first diversity handling unit is situated at a first node, the first node
controlling a first set of base stations, and wherein a second node controls a second
set of base stations and a third node controls a third set of base stations; and

selecting between the first node and the second node as situs for the second
diversity handling unit.

7. The method of any of claims 1, 2 or 3, further comprising:
performing a switchover operation after completion of the allocating in order to
remove the first diversity handling unit from the mobile connection.
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second diversity :] dli nﬁ unit is to reside. 14. A tel econmunica

system conpri si ng M IHH mﬂﬂﬂf ch controlling a corresponding set of
base stations; a ! Mmandl ing,unit residing at a first of the

plural nodes, the first diversity handlina unit perform ng connection
conbi ni ng and connection splitting operations for a nobile connection

mai nt ai ned throygh,a plurali of _base stations: wherein the first node
causes al | ocat i gnhr(ﬂe 'g‘eﬁé%‘;oﬂﬁg'ﬁmgrgl _rr?e?mﬂrﬁ%g'uni t to performthe
connect i on conbidiititg @IrkFRIAES frofia Dlsbidtatich ?aﬂrcaiat@gswﬁé Wndtile&doninectisn

AMENDED SHEET 37 determ ned that the connection conbining and connection
splitting tpeeththedisstdivensity bangling unié anddhe sesond divarsitt handiingsyniy after the

andconnestldsptBGiat{ Bafro s BBIGENGRS P8 hRSbirbRBfdE < Daced on
t ' ' t.
anem eston CO;. The method of claim 7, wherein the switchover operation is performed at an

anchor node.

10. A method of operating a telecommunications system, the method
comprising:

using a first diversity handling unit to perform connection combining and
connection splitting operations for a mobile connection maintained through a plurality
of base stations;

allocating a second diversity handling unit to perform the connection combining
and connection splitting operations only after it is determined that the connection
combining and connection splitting operations should be transferred from the first =
diversity handling unit;

performing a switchover operation after completion of the allocating in order to
remove the first diversity handling unit from the mobile connection;

wherein the switchover operation is performed at an anchor node; and

wherein the first diversity handling unit is situated at a first node, wherein the
second diversity handling unit is situated at a second node and wherein the anchor
node is physically distinct from the first node and the second node.

11. The method of any of claims 1, 2 or 3, further comprising:
performing a switchover operation after completion of the allocating in order to
remove the first diversity handling unit from the mobile connection, and in view of the
switchover,
_ choosing a second mobile switching center to replace a first mobile switching
center for handling the mobile connection.

12. A telecommunications system comprising:
plural nodes each controlling a corresponding set of base stations;
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15. A tel ecommuni cations syst em conprising: plural node$ each %t ﬁ?' bbdbg a

correspondi ng set a first diversity handling i vE
residing at a fir "’ m Hmnodes the first diversity handling unit
perform ng connect #oncc mn d connect ion splitting operations for a

nobi | e connection mai ntained through a pI al i ty of base stations; wherein
the first node cguses al] ocation of a second djiversity handl |$§ tF'm f to
t

perform the conaaaat.dé\ferﬁwaﬂqﬂm hitiresiting & adistel thetrl wa! Bpd srfgsfom y
f t
ool i ng Sveity hanBiifla WA perafmif Bra o CuRbIR ifart o iR artfling

handl i ng uoperatians fareemsibiieiconnectiien mmmtaerbdﬂrmugma pdm'ahtycnflhasecsjatwms ng
and connecti on s litti tions shqul .b rans red i ccor dancge

oA rect | o Raisa S iR Fogs canRes Albcdlictho 4 S8rveh IR RAInEam to
connecti Or‘peﬁ&m the Sérﬁ?éﬁmrﬁdh%mm@;aﬁd’ éé%&ﬁ%ﬂhﬁlr@?p&hﬂéﬁé oHRﬁi@f%rqﬁféh

control li &gea correspondi ng set of “base stations st diversrt
handl i ng terminsiddhaljthe cenrigation Qﬂmbmmgparm‘ ednnaaiion spdlttmgmparatlan&eheuldy

handl i ng u ct.ion. onnection splitting
operat | ons& %rpﬂg{eﬁ%?r%r% tﬁ%ﬂgﬁe&(ﬁ%%rs '}%g“ 'h?%%gh a plurality of base
stations; wher ewRetdit itfis deteriitéd tﬁﬁﬁﬁé c@hhééiﬂiri €6mBiniry 88 @BHNEEHIEH Splitiing
handling unit to

operations should be transferred in accordance with one of addition or disconnection

of a base station.

13. A telecommunications system comprising:

plural nodes each controlling a corresponding set of base stations;

a first diversity handling unit residing at a first of the plural nodes, the first
diversity handling unit performing connection combining and connection splitting
operations for a mobile connection maintained through a plurality of base stations;

wherein the first node causes allocation of a second diversity handling unit to
perform the connection combining and connection splitting operations only after it is
determined that the connection combining and connection splitting operations should
be transferred from the first diversity handling unit; and

wherein it is determined that the connection combining and connection spilitting
operations should be transferred when a predetermined relationship exists between a
first number of base stations served by a node whereat the first diversity handling unit
resides and a second number of base stations served by a node whereat the second
diversity handling unit is to reside.

14. A telecommunications system comprising:

plural nodes each controlling a corresponding set of base stations;

a first diversity handling unit residing at a first of the plural nodes, the first
dfversity handling unit performing connection combining and connection spilitting
operations for a mobile connection maintained through a plurality of base stations;

wherein the first node causes allocation of a second diversity handling unit to
perform the connection combining and connection splitting operations only after it is
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perf-orm the connection €onbining and connection splitting operﬁt | o& f)lﬂ]lﬂy
after it is determ ned that the connection conbining and conne & o¥¢

splitting operaﬂmm\mmulﬂ ransferred fromthe first diversity
handling unit; aW \ l’ "!{I rst node sel ects between renai ni ng ones of

the plural nodes as situgd' fér the second ¥iversity handling unit. 17. The

apparatus of any of clainms 12-16, wherein the second diyersity handlin

uni t requé@%’”ﬂ'ﬁédﬁﬁ‘ﬁ"s‘hecﬁ%Pﬁ'@@/Cﬂﬁ%ﬂﬂ‘%@“ ifonnegtion spUting SrsiRt \d
AMENDED S | ; j . t he allocating in order
to remverﬁ‘la??ffﬁﬁdgf%ﬁ??&‘%ﬂﬁ%‘?ﬁ@%?‘?@%gﬁ%e nmobi | e connection. 18.
The appar at us ofherein afdetéraiinatidr2thed thevbenmectiotucaombinirigeand connedtion splitting:
station partic%'. ati,n Ii n the r;obile Eonn ction raqut.es ug{,i nk frames fromto
both the fQRESRHQYSHQYIH Pedrangtered is,Pased,an HaRsEUSHAR C8Fher si ty handl i ng
unit. 19. The apparatus of any of clainms 12-16, wherein the sw tchover
operation I's 15 A telecommunications system comprising:

plural nodes each controlling a corresponding set of base stations;

a first diversity handling unit residing at a first of the plural nodes, the first
diversity handling unit performing connection combining and connection splitting
operations for a mobile connection maintained through a plurality of base stations;

wherein the first node causes allocation of a second diversity handling unit to
perform the connection combining and connection splitting operations only after it is
determined that the connection combining and connection splitting operations should
be transferred from the first diversity handling unit; and

wherein it is determined that the connection combining and connection splitting
operations should be transferred in accordance with directional movement of a mobile—~——
station involved in the mobile connection. |

16. A telecommunications system comprising:

plural nodes each controlling a corresponding set of base stations;

a first diversity handling unit residing at a first of the plural nodes, the first
diversity handling unit performing connection combining and connection splitting
operations for a mobile connection maintained through a plurality of base stations;

wherein the first node causes allocation of a second diversity handling unit to
perform the connection combining and connection splitting operations only after it is
determined that the connection combining and connection splitting operations should
be transferred from the first diversity handling unit; and

wherein the first node selects between remaining ones of the plural nodes as
situs for the second ::liversity handling unit.

17. The apparatus of any of claims 12-16, wherein the second diversity
handling unit requests the first diversity handiing unit to perform a switchover
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perforrred at an anchor node 20 The apparat us of clal m19 whergej ?h«§
first diversity ha situated at a first node, wher ih p 000
second diversity h Mﬂhﬂljrﬂ'uﬁl tuated at a node and wherein the anchor
node is physically distin e fi rséanode and the second node.
AVENDED SHEET
operation after completion of the allocating in order to remove the first diversity

handling unit from the mobile connection.

18. The apparatus of any of claims 12-16, wherein during the allocation a base
station participating in the mobile connection routes uplink frames from to both the
first diversity handling unit and the second diversity handling unit.

198. The apparatus of any of claims 12-16, wherein the switchover operation is
performed at an anchor node.

20. The apparatus of claim 19, wherein the first diversity handling unit is
situated at a first node, wherein the second diversity handling unit is situated at a
node and wherein the anchor node is physically distinct from the first node and the
second node.
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(57) Abstract

In connection with a diversity handling moveover procedure for a cellular :
system having soft handover, allocation of a replacement diversity handling unit !
in a target node occurs only after a moveover decision has been made by a source :
node. Initially, an original or source diversity handling unit at the source node i
performs connection combining and connection splitting functions for legs of a :
mobile connection routed through plural base stations serving a mobile station. H
In accordance with movement of the mobile station, the source node makes :
the movement decision. The moveover decision can be based on factors such :
as base station utilization and/or actual and/or predicted directional movement :

of the mobile station. In some embodiments, the diversity handling moveover

procedure involves selection among plural nodes for situs of the replacement or

target diversity handling unit.
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