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(57) Abstract

In a soft handover cellular system, diversity handling operations are multistaged for a mobile connection which is controlled by
an original or Source RNC (1221) and which also utilizes a secondary or Target RNC (12232). Non-Source RNCs each have a diversity
handling units (DHU) which perform connection splitting and connection combining operations for all involved base stations (BS) owned
by the non—Source RNC, so that only one transport connection need exist between the Source RNC and the Target RNC for the mobile
connection. The Source RNC (122;) has a diversity handover unit (1301) which not only performs connection splitting and connection

combining with respect to the involved base stations owned by the Source RNC, but also with respect to the one transport connection for
each Target RNC involved in the mobile connection.




.I'n nobile tel ecommunications, a nobile station such as nobil e tel ephone 10

conmmuni cates over radio channel Thi %ons. Typically a plurality
“of base WO WIS are, in turl II I [’connect ed to a PODSk®8/02131
switching center. The nobile i ter is usually connected,
-e.g., via a gateway, to other tel ecormuni cation net wor ks, such as the
public swi tched tel ephone network. In a code di vi si on

i or it §ﬁmﬁﬁe\'}m!@? HANDLING FQRICDMA

“station is nodul ated by a mat hemati cal code (such as spreading code) to

“distinguish it fM@BmEamELEC@MNIe:Am@Nw ch are

“utilizing the sane radi o frequency Thus, in CDVA, the in i dual
"radio links are discrimnated on the basis of codes. 20 Various aspects of
"CDVA are set forth in Garg, Vijay K et al., Applications of CDVA I n
 Wrel ess/ Personal Conmuni cations, Prentice Hall (1997).

2 In addition, i m&@]ﬁ;%comni cations, typically

“the same baseband signal with suitable spreading is sent from several

- base stations with over | appi ng coverage. The nobile term nal can thus

i receive and use signals from several base stations sinmultaneously.

. Moreover, since the radi o envirgnnment changes

-= This patent application is related to United States Patent Application SN

5 08/980,013 (attorney docket: 2380-4) filed simultaneously, entitled “Diversity
Handling Moveover for CDMA Mobile Telecommunications”, which is incorporated

herein by reference.

1. FIELD OF THE INVENTION

In mobile telecommunications, a mobile station such as mobile telephone
10 communicates over radio channels with base stations. Typically a plurality of base
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.

15 In a code division multiple access (CDMA) mobile telecommunications
system, the information transmitted between a base station and a particular mobile
station is modulated by a mathemaﬁcal code (such as spreading code) to distinguish it
from information for other mobile statioris which are utilizing the same radio frequency.
Thus, in CDMA, the individual radio links are discriminated on the basis of codes.

20  Various aspects of CDMA are set forth in Garg, Vijay K. et al., Applications of CDMA

in Wireless/Personal Communications, Prentice Hall (1997).



5 rapidly, a nobile station likely has radi o channels to sevgral base

stations at the sane nonment, e.g., so that the nobile station can
sel ect thegRpgarefpannel and, if necessary, use signals Qﬁﬁg&@ﬁ o the
nobil e fromvarious base stations in order to keep radio Interterence

| ow and capacity high. This utilizati on2f radio channel's from mul ti pl e
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and 262,3. At the nmonment shown in"Fig. 1, an reasons su rized
above, mapidly, &tmbilerstation hkelydas radiofehgnndls & sdvaeyaligase attitions at the same
comuni cation with two base stations, particularly base stations 261, 2, and
261, 3. Thement, ¢.g.i sethatdhe mabil¢ statiomcansseleat dhe best channel amdyifinegessany,pat h.
Specifically, lLine 281,2 depi cts both the radi o channel from pobile
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281,13, thRadigRfversitg.™ i nk is connected to a diversity handover unit
(DHU) 301 of radio nhetwork controller (RNC) 25 221.
Thus, as depicted with reference to Fig. 1, the nobile connection with

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

network controllers (RNC) 221 and 225 respectively connected to mobile switching
centers (MSC) 241 and 245. Radio network controller (RNC) 221 is connected to base
stations (BS) 2611, 261 2, and 26 3; radio network controller (RNC) 22; is connected
15 to base stations (BS) 267, 1, 262 2, and 262 3. At the moment shown in Fig. 1, and for
reasons summarized above, mobile station_ MS is shown in Fig. 1 as having radio
communication with two base stations, particularly base stations 2612, and 261 3. The
lines 281 2 and 28) 3 each represent a communication path. Specifically, line 287 >
depicts both the radio channel from mobile station MS to base station BS 2612 and the
20  land line link channel from base station BS 26) 7 to radio network controller (RNC)
221; line 281 3 depicfs both the radio channel from mobile station MS to base station
- BS 261 3 and the land line link channe] from base station BS 261 > to radio network
controller (RNC) 221. In the case of both lines 281 ) and 281 3, the land line link is
connected to a diversity handover unit (DHU) 301 of radio network controller (RNC)
25 223.

Thus, as depicted with reference to Fig. 1, the mobile connection with

mobile station MS potentially utilizes several “legs”, each leg being represented by the
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~overall connection between nobile stat4on M5 and any other party is

. viewed, the diversity handover unit (DHU) 301 serves essentially both
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. function. utilifed by a mobile station. Theisplitting acaxs imthesienpé that asforinatiohiditectéd
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_ in Fig. 1Ahandover unit (DHU) 301 serves a combining function.

10 Fig. 1 illustrates the simple case in which the different legs of the
connection, represented by lines 281 7 and 28 3, are for base stations BS all of which
are connected to radio network controller (RNC) 221. However, should the mobile
station MS roam sufficiently to pick up signals from another base station, e.g., into or
proximate a cell handled by another base station, such as base station BS 263 1, for

15 example, a more complex situation occurs as shown in Fig. 1A.

In the situation depicted in Fig. 1A, the mobile connection involving
mobile station MS employs base stations belonging to differing radio network
controliers (RNC). Such situation involves a different type of handover -- an inter-RNC

20 soft handover. Inter-RNC soft-handovers are made between two or several RNCs. In
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) 222, which is also known as the “Target” RNC. Radio
network controller (RNC) 221 is the Source RNC since it has cutrent control of the

25 mobile radio connection. The Target RNC is an RNC, other than the Source RNC, that

has, or has been decided to have, base stations utilized by the mobile radio connection.

To facilitate, e.g., inter-RNC soft-handovers, the radio network controllers

(RNC) 227 and 22 are connected by an inter-RNC transport link 32. Inter-RNC
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The leg represented by line 283 ; includes the radio link between 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.

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 225,88
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 | and 287 2, respectively. Carrying
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 émployed by the mobile connection with mobile station MS.

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 225.
Utilization of inter-RNC transpdrt link 32 would be reduced in that, for example,
multiple packets destined in parallel for base stations BS 2612 and 263 7 need not be
carried on link 32, but rather a diversity handover unit at Target RNC 223 2 could
instead perform the splitting. A similar economy results in having a diversity handover
unit at Target RNC 227 7 combining the signals from mobile station MS as received via
the base stations BS 267 1 and 267 2, and forwarding a resultant signal to Source RNC
22;.
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- (I'nternational Publication Nunmber WD 95/15665). 5 Thus,
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= splitting operations remain the province of diversity handling unit (DHU) 301 in Source

RNC 22.

15 Only later, when (ahd if) all base stations utilized by mobile station are
owned by the Target RNC 223, is fhe second step of the above-described approach
implemented. In the second stép, the :.combining and splitting functions are moved from
diversity handover unit (DHU) 301 of Source RNC 221 to diversity handover unit
(DHU) 307 of Source RNC 222, and di\}ersity handover unit (DHU) 301 is bypassed as

20 shown in Fig. 1C. Thus, the control of the mobile connection is essentially transferred
to Target RNC 225 in accordance with Interface Specification “TIA IS-634/PN-3539
MSC-BS Interface”.

Thus, until the diversity handling operations (e.g., the connection
25  combining and connection splitting operations) are moved to the Target RNC, the
situation may exist (as in Fig. 1B, for example) in which two or more legs of a mobile
connection require separate transport connections on the inter-RNC link. That is,
frames and signaling from more than one base station owned by a Target RNC and

involved in the same mobile connection are transported on the inter-RNC link to the
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di vessi tigcreased trafficlon the(ibtd)RNCAinknmayeofitinge for the duRitidr?@Ptheanbbiles no
conmbi ning or splitting operations. Rather, all conbining and splitting
oper at i éoBnedfrAfi.n the province of diversity handling unit (DHU) 301 in

Sour ce RNC 22.

What is needed therefore; and an object of the invention, is an efficient
and economical technique for handling connection combining and connection splitting

10  operations for a multiple-legged mobile connection.

SUMMARY OF THE INVENTION

B Diversity handling operations are multistaged for a mobile connection

which is controlled by an original or Source RNC and which also ﬁtilizes a secondary or

15 Target RNC. Each non-Source RNCs has a diversity handling unit which Ipei'fdrms
connection splitting and connection combining operatiqns fof aﬂ involved base stations
owned by the non-Source RNC, so that oniy one transport connection need exist
between the Source RNC and the Target RNC for t_he mobile connection. The Source
RNC has a diversity handling unit which not.only pérforms connection splitting and

20  connection combining with respect to the involved base stations owned by the Source
RNC, but also with respect to the one transport connection for each Target RNC

involved in the mobile connection.

BRIEF DESCRIPTION OF THE DRAWINGS

25 The foregoing and other objects, features, and advantages of the invention will

be apparent from the following more particular description of preferred embodimenfs as
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Fig. 2 is a diagrammatic view of radio area network which utilizes

multistage diversity handling according to a mode of the invention.

10 Fig. 3 is a diagrammatic view showing a relationship of Fig. 3A and Fig.

3B.

Fig. 3A is a schematic view showing a Source RNC and base stations

managed thereby included in the radio area network of Fig. 2.

Fig. 3A is a schematic view showing a Target RNC and base stations

15 managed thereby included in the radio area network of Fig. 2.

Fig. 4 is a schematic view of a sequence of operations according to an

mode of the invention.

Fig. § is a diagrammatic view of a multistage frame splitting operation

according to a mode of the invention.

20 - Fig. 6 is a diagrammatic view of a multistage frame combining operation

according to a mode of the invention.



differing base stations and the signaling associate with those base

stations thus increases traffic on the inter-RNC |ink. Moreover, since
diversity lwpodzmgp may never occur, the 5 increased traffigoidkobifias
inter-RNC Iink may continue for the durgjion ofthe nobile connecti on.

What is needed therefore, and an object ©f the invention, is an efficient
and economi cal techni que far handli.ng. conpecti on conbi ni hg.and.connection
splitting 10 opergfg'%lg af@? i) P{“Fg}e@l Pﬁ&@i‘&%ﬁﬁ%@bﬁ&é@w ;
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are mul (Teteee MYeiSit Bindiios eccording to a mode of (Eifverkich0blisy ARFE fhdd
ori gi nal {vi stageg.ce RNC and which also utilizes a secondary or 15 Target

RNC. Each non-Source RNCs has a diversity handling unit which perforns
connection splitting and connection conbi ning operations for all involved

connect on need exFO b T84 gu BB, R RAC SCChre GRgiRhaEl ikt B g o
t he @bié&&%ﬁ%?}n%bﬂlﬁleﬁ?ﬁfﬂfé invgﬁltiﬂ\‘.c has a diversity handling unit

whi ch not on performs connection splitting and 20 connection combi ni ng
with respect to the invol ved base stations owned by the Source RNC,
but also with respect to the one transport connection for each Target RNC

'nvolved in the nobile coppeliioRp DESCRIPTION OF THE DRAWINGS

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.

10 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
‘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.
15

Fig. 2 shows a radio network area 120 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) 122}, and a second set of base stations
(BS) 12672, 1267 2, and 1267 3 connected by land lines to a second radio network

20  controller (RNC) 1227 which serves as a Target radio network controller. Source RNC
'122; is connected to mobile switching center 1241 whi_le Target RNC 1223 is
connected to mobile switching center 1249. Source RNC 1221 and Target RNC 1225
are connected by inter-RNC transport link 132. Inter-RNC transport link 132 can be
seen as a logical link, and may be physically switched via other nodes (e.g., other RNCs

25  or MSCs). Source RNC 1221 and Target RNC 1227 are considered as control nodes of
radio network area 120 in that, among other things, these RNCs control or manage the
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obj ects, features, and advantages of the invention wll be apparent
fromthe fol womwngreeore particular description of preferred enborsEssn2$312s
7 illustrated in the acconpanyi ng dr% ngs in which reference
characters refer to the sane parts throughout the various views. The
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1, Fig. 1A, Fig. 1B, and Fig. 1C are each di agrammt_ic views 5 show ng .
“prior art managenent of a nobile connection for a nobile station noving

from base stati gns desuritedin rorexdstait hefeih,ofonatmobile comigctionayontlikdts,

~stations controlled by a Target radio network controller.
an original or Source RNC and also utilizing a secondary or Target RNC, diversity

5 handling operations are multistaged. That is, non-Source RNCs have diversity handling

units which perform connection splitting and connection combining operations for all
involved base stations owhed by the non-Source RNC, so that only one transport
connection need exist for the mobile connection through the inter-RNC link to the
Source RNC. The Source RNC has a diversity handling unit which not only performs

10  connection splitting and connection combining with respect to the involved base

stations owned by the Source RNC, but also with respect to the one transport

connection for each Target RNC involved in the mobile connection.

As an example, in a downlink scenario involving Source RNC 1221 and
15 | Target RNC 1225 of Fig. 2, for a mobile connection with mobile station MS, Source
diversity handover unit (DHU) 1301 {also known as a diversity frunk unit] receives
frames from mobile switching center 124) and applies the frames to base station 126 3
and via inter-RNC link 132 to Target RNC 1229. In Target RNC 1225, Target diversity
handover unit (DHU) 1302 obtains the frames and distributes a copy of each frame to
20  each involved base station, i.e., base station (BS) 1267 1 and base station (BS) 1267 7.

In the uplink, Target diversity handover unit (DHU) 1307 receives
parallel frames for the mobile connection involving mobile station MS from both base
station (BS) 126 1 and base station (BS) 1267 2, selects the best frame of like-

25 numbered frames, and applies the resultant (best) frame to Source diversity handling
unit (DHU) 1301 on inter-RNC link 132. At Source diversity handling unit (DHU)
1301 the Source diversity handover unit (DHU) 1307 choses between the resultant
frame forwarded from Target RNC 1227 and a similarly numbered frame obtained from
its own base station, base station (BS) 1261 3. In this manner, transport of duplication



Fig. 2 is a diagramatic view of radio area network which utilizes
nul tistage diversity handling according to a node of the invention. 10
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Fig. 5 |§aﬁm§lm ¥ & ic view of a nultistage frane spllttlng operation
according to a nbde t he inventi on. 20 Fig. 6is a
di agranmatic view of a nmultistage frame conbi ni ng operation

5 Sourge RNC 1221 is shown in more detail in Fig. 3A as comprising a
switch 1407. Switch 1401, which is controlled by RNC control unit 1421, 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)
1301 is connected to a timing unit 141;. The RNC control unit 1421 is connected to

10 each element of RNC 1225.

For reasons explained hereinafter, Source RNC 1221 is connected to a
signaling network represented by line 143. Source RNC 122 is connected to signaling
network 143 via a signaling interface 1431;. Signaling interface 14317 is connected to

15 RNC control unit 142;.

The interfaces connected to ports of switch 1401 include MSC interface
unit 1441; RNC interface unit 1461; and base station interface unit 148;. MSC
interface unit 1441 is connected to mobile switching center 1241. RNC interface unit

20 1467 is connected to inter-RNC transport link 132. Base station interface unit 148 is
connected to the first set of base stations (BS) served by Source RNC 1221.

Diversity handover unit (DHU) 130; of Source RNC 122} primarily
comprises DHU controller 1601; frame splitter 1621; a set of downlink buffers 1641_1 -
25  1641_p; 2 frame selector 1667; and a set of uplink buffers 1681.1 - 1681_. Both frame
splitter 1621 and frame selector 166 1 receive timing signals on line 1707 from timing
unit 1411, and are also connected to DHU controller 1603.
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. 8 Fig. 7 is a diagranmatic view of radi o area network
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. the invention involving nore than t st ages.
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5  124q.

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
10  buffers in set 164 is in turn connected to transmit the frames it receives to switch 1401
over lines 17611 - 1761.n. Lines 1767 - 1761 are connected to respective input -
ports of switch 1407, which input ports are internally cross connectable (e.g.,
switchable) through switch 1407 to the downlink land lines for the respective base
stations BS participating in the mobile connection.
15
Frame selecfor 166] receives frames from various ones of the buffers in
the set of up-link buffers 1681 - 168y,. Base stations (BS) participating in a mobile
connection sénd frames to their corresponding up-link buffers 1687 - 168, on
corresponding ones of lines 1781 - 178,. Each of lines 17811 - 1781 is connected to
20  corresponding ports of switch 1401, with those ports being internally switchable
internally through switch 140; 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 samé
frame number) frame selector 1661 picks the best frames for transmission (via switch

25  1407) to mobile switching center 1247.

As indicated above, DHU controller 1601 of diversity handover unit
(DHU) 1301 is connected to frame splitter 1621 and frame selector 1663, for controlling
operations thereof, as well as by line 1807 to RNC control unit 1421. RNC control unit
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connected to _nobjle switching center 1242, Source RNC 1221 and Target RNC
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the —  ynjt (DHU) 1307 of Fig, 3B has essentjally the same structure as Sour€e diversitft S Of
base stations réspe€tively connected thereto.
handover unit (DHU) 1301 of Fig. 3A. Therefore, the preceding discussion of Fig. 3A
suffices for explanation of the elements and connections of Target RNC 1225 and its
Target diversity handover unit (DHU) 1309, it being understood that elements of Target
10 RNC 1227 and Target diversity handover unit (DHU) 1307 are similarly numerically
referenced in Fig. 3B as in Fig. 3A but with differing subscripts (a subscript of “2”
referring to Target RNC 1227 and a subscript of “1” referring to Source diversity

handling unit (DHU) 130}).

Fig. 4 shows a sequence of operations according to an embodiment of the .
15 invention. Fig. 4 shows in three separate parallel vertical lines the operations conducted
by each of Source RNC 1221, Target RNC 1225, and the base stations (BS) served by

Target RNC 1227 and involved in the mobile communication with mobile station MS.

Operation 4-1 of Fig. 4 shows RNC control unit 142 of Source RNC 122
determining that a new base station not owned by Source RNC 1221 should be added to
20  the mobile connection for mobile station MS. It will be assumed, in connection with an
| example illustrative scenario now described, that the mobile connection for mobile
station MS thus far involves only base station (BS) 1261 3 and base station (BS)
1267,1. That is, the point in time for operation 4-1 for the illustrative example precedes
the moment in time shown in Fig. 2, Fig. 3A, and Fig. 3A (e.g., that base station (BS)
25 126 2 has not yet been added to the connection for mobile station MS. In fact, the
determination made at operation 4-1 is that base station (BS) 1262 2 now needs to be

added to the mobile connection for mobile station MS.



- As described-in nore detail herein, for a nobile connection controlled by
an original or Source RNC and also utilizing a secondary or Target RNC,
diversity 5 wendktrag operations are nultistaged. That is, non-II/SEIS/ORNTS
- have diversity handling units which Qgrfornlconnection splitting and
connecti on conbi ning operations for all I nvol ved base stations owned

it tor the. Hognee R iRt scelBfio) AN SAHows TarsP BREALi Haflfthr unit
Sour-ce RN%{,)}TQE rllﬁgg[al?gs RAC Qzﬂghﬁﬁéﬁﬁg’l st the endiie coietion For Aivbile

- perforns n splitting and conhection conbining with respect to

the invol wedidiPMES with bethdase Seation (B$) 26 heamd baseestatish (BS) 1265 9. \Link SS-1
respect to the one transport connecti dn for each Target RNC'invol ved

- in the rofiFigedArshowsothat switch 1401 is internally crossscommected:tpisend iframesdfyomi i nk
- scenario involving Source RNC 12211112;_r{5 and 15 Target .RNC 1222 of Fig. 2,
for a #obiMSCGHEnuut 144 te fremeoiplitter 4631 Samywhengq gopies of thefirgmes ars

- handover unit (DHU) 1301 [t_al sm% a&fa di,ver if[%%i{runk unﬁi%ééer.ec lve§ )
dorverieddodase i denictsp Byisidteh Goss SRAectioning.SS

': fs[gtmiagnfrl [er ° ;ﬁd e | er-llRllilé: l.] giﬂy pr-ls E£6Elgid N

Target RN 132'@0%F§& %@@Jﬁz,l (as ‘f?éﬁtgg\}ér%ﬁ %ﬁ%&%ﬁlﬁ 3l §s4 {Ane

statton v JAOF AR Gos BdnilcribBihes THE ol P13 iR LAYY e FA53BY.
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- parallel frames for the nobfle connection”involving nobile station M5 from
both bgse from baseatitivh (BS) 12657 ahd bage bation(B&)i1267 (1BFrah®BArém bask atdtion
the best frame of |ike- 25 nurtbered frames, and applies the resultant

- (best) fraBS)R26pyaceapplied toi frgmpsalectorgl661 viawness qoppegtiasline §$-5 andrramc
- link 132. At Source diversity _ handling unjt (DH& )

base station (BS) 1267 1 via cross connection line -6 of switch 1401 and cross

connection lines TS-4 and TS-2 of switch 140 [see Fig. 3B]. Frame selector 1661 of
Source diversity handover unit (DHU) 130 selects the best of similarly numbered

15 frames from the two legs of the conneétion, and applies the best frames to mobile
switching center 1241 via cross connection line SS-2 and MSC I/F unit 1441 [see Fig.
3A). |

Returning to operation 4-1, the determination to add base station (BS) 1267 2 to
the mobile connection for mobile station MS is made by RNC control unit 1411 of
20  Source RNC 122 . The determination is based on measurements obtained by mobile

station MS and transmitted to Source RNC 122§

Once the determination to add a new base station BS not owned by another RNC
is made at operation 4-1, Source RNC 1221 checks whether any base station owned by
that other RNC is already in use by the mobile connection for mobile station MS. Ifthe

25 mobile connection for mobile station MS does not thus far utilize a base station owned
by that other RNC, Source RNC 122 allocates a connection on inter-RNC link 132, as
depibted by operation 4-2. RNC control unit 1421 allocates a port of switch 1401 and a
port of RNC interface unit 1467 to be used by the new connection on inter-RNC link



1301 the Source diversity handover unit (DHU) 1301 choses befween .the

resul t ant frame forwarded from Target RNC 1222 and a simlarly
nunbered f @i ned from its own base station, basepstghdsinRisiBS
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el ement d22RNC 1221. For reasons expl ai ned
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In the illustrative scenario currently described, a connection on inter-RNC link
132 was previously allocated upon addition of base station (BS) 1263 1, so that

operation 4-2 need not be performed in the illustrative scenario.

After the determination has been made to add a new base station now owned by
10  Source RNC 1221, and regardless of whether the added base statlon is the first base
- station mvolved for another RNC, at operation 4-3 Source RNC 1221 sends a signaling
message to Target RNC 1227. Signaling messages between RNCs are transmitted over
signaling network 143, and can be in accordance with signaling system no. 7, for
example. The signaling message sent at operation 4-3 includes a handover setup
15 request. The handover setup request of operation 4-3 instructs Target RNC 1225 to
| connect to the base station to be added (e.g., in the illustrative scenario, base station
(BS) 12672 ). If the added base station is the first base station owned by Target RNC
- 1227 involved in the connection, the handover setup request also includes an identifier
for the inter-RNC connection to be used and a connection identifier respecting the
20 mobile station MS. In the case that Target RNC 1225 is already handling a leg of the
connection with mobile station MS, the handover setup request includes the identities of
the base stations previously allocated by diversity handling unit (DHU) 1407 of Source

RNC 122] and currently in use for the mobile connection with mobile station MS.

In response to the handover setup request message, at operation 4-4 Target RNC
25 1227 allocates a Target diversity handover unit (DHU) to the mobile connection for
mobile station MS in the event that a Target diversity handover unit (DHU) has not yet

been allocated for this mobile connection. In the illustrated scenario, Target diversity
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In response to the handover setup request message, at operation 4-4 Target RNC
1225 allocates a connection to the new base station (i.e., base station (BS) 1263 2 ) for
mobile station MS. Such connections are shown by cross connection lines TS-5 and Ts-

10 6inFig. 3B.

After allocation of a connection to base station (BS) 1262 2, at operation 4-6

Target RNC 122 sends a connection setup request message to base station (BS) 1267 2
over semipermanent connections established at start-up of the base station. The
connection setup request instructs base station (BS) 1267 3 to activate the transceiver of

15 base station (BS) 1267 2 and to connected the transceiver to the indicated RNC-BS
connection. When the newly added base station (e.g., base station (BS) 1263 3 )
provides a connection setup confirmation message (indicated by operation 4-7), Target
RNC 1227 activates Target diversity handover unit (DHU) 1307 so that Target diversity
handover unit (DHU) 1307 begins actually to process frames (operation 4-8).

20 Upon activation of Target diversity handover unit (DHU) 1307, Target RNC
1221 sends a signaling message to Source RNC 1221 with a handover setup
confirmation message (operation 4-9). Meanwhile, Source RNC 1221 and Target RNC
1225 adjust their timing to compensate for any delay differences between (1) the
connection involving Source RNC 1227 and base station (BS) 1261 3, and (2) the

25  connection involving Source RNC 1221 and Target RNC 1225. Such timing
adjustment is shown as synchronization operation 4-10 in Fig. 4. Synchronization is

particularly important when an added base station is the first base station added for a
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When synchronization and timing have been adjusted, at operation 4-11 Source
RNC 1221 sends a signaling message with a handover request to mobile station MS.
The handover request orders the mobile station MS to use, in addition to existing base

15  stations, the newly added base station (e.g., base station (BS) 1262 2).

Fig. 5 depicts, in simplified form, a multistage frame splitting operation
performed using Source RNC 1221 and Target RNC 1225 according to a mode of the
invention. Frame splitter 1621 of Source RNC 1221 receives a user traffic frame from
mobile switching center 1241 which is to be forwarded to mobile station MS; As

20 shown in more detail in Fig. 3A, Frame splitter 1621 copies the user traffic frame to
downlink buffers 1641.1 and 1641.2. Frame splitter 1621 applies a frame number to
the two frames (the same frame number to both frames). In this regard, timing unit
1421 supplies Target diversity handover unit (DHU) 1307 with a frame number clock

reference.

25 The two frame copies (frame copy 1 and frame copy 2) are forwarded
from downlink buffers 1641.1 and 16417 both to base station (BS) 1263 1 and Target
RNC 1225. The two frame copies are sent from downlink buffers 1641_1 and 1641.»
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“referenced in Fig. 3B as in Fig. 3A but W|th differing subscripts (a

- subscript of "2"

The second frame copy F2 forwarded to Target RNC 122 is routed
through switch 1407 as indicated by connection line Ts-1 [see Fig. 3B]. The second
frame copy F2 is applied to frame splitter 1623. Frame splitter 162 makes a copy of

10 the second frame for each of downlink buffers 1647.1 and 1645_2, with the respective
copies (frame copy F2,1 and frame copy F2,2) being sent to base station (BS) 1262 1
and base station (BS) 1262,2, respectively. In customary form, frames from each of the
three involved base stations are sent to mobile station MS, with mobile station MS

selecting the best of same-numbered frames.

15 Fig. 6 shows, again in simplified form, a multistage frame combining
operation performed using Source RNC 122 and Target RNC 1225 according to a
mode of the invention. In Fig. 6, mobile station MS sends the same frame to each
involved base station, e.g., base station (BS) 126 3; base station (BS) 1262 1, and base
station (BS) 1262 2. InFig. 6, the frame F2,1 received at base station (BS) 1263 1 is

20 connected through switch 1407 (see connection line TS-4 in Fig. 3B) to uplink buffer
1689.1. Similarly, the frame F2,2 received at base station (BS) 1267 3 is connected
through switch 1402 (see connection line TS-5 in Fig. 3B) to uplink buffer 1687.7. The
frame F1 received at base station (BS) 1267 3 is connected through switch 140 (see
connection line SS-5 in Fig. 3A) to uplink buffer 1681.;.

25 Using a quality indicator in two copies of the same-numbered frames
(frame F2,1 and frame F2,2), frame selector 1662 determines the “best” of the two

frame copies. More specifically, upon obtaining a frame with a new frame number,
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Frame F2,1 applied on inter-RNC link 132 to Source RNC 1221 is routed

—

through switch 1401 on connection line SS-5 as shown in Fig. 3A to uplink buffer

10 1681.1. The resultant frame obtained from Target diversity handover unit (DHU) 1309
of Target RNC 1221 is routed through switch 1401 (see connection SS-6 in Fig. 3A)
and is stored in uplink buffer 1681.2. With frame selector 1661 having both frame F1,3
and frame F2,1 in its set of uplink buffers 168, frame selector 1661 makes a
determination of “best” frame in much the same manner as did frame selector 1667 of

15 Target RNC 1223. Frame selector 1661 forwards the user traffic part of the “best”
frame (e.g., frame F2,1 in the example of Fig. 6) to MSC 124}. The user traffic part of
the “best” frame is routed through switch 1401 on connection line SS-2 as shown in Fig.

3A.

Thus, the both frame splitting and frame combining operations of the
20  present invention are multistaged. In particular, in the situation shown in Fig. 2, Fig.
3A, Fig. 3B, Fig. 5, and Fig. 6, for example, Source diversity handover unit (DHU)
1303 of Source RNC 122 performs a first stage of frame splitting while Target
diversity handover unit (DHU) 1307 of Target RNC 122 performs a second stage of
frame splitting. Conversely, for frafne directed from mobile station MS to MSC 124,
25  Target diversity handover unit (DHU) 1302 performs a second stage of frame
combining and Source diversity handover unit (DHU) 130 of Source RNC 122

performs a first stage of frame combining.



13 - Refl.ecting the illustrative scenario, Fig. 3A shows Target

. diversity handover unit (DHU) 1302 of Source RNC 1221 handling | egs of
“the nobile cwgegsgon for nobile station M5 with both basepersSEdsHN2i$BS)
- 126[err] and base station (BS) 126[err]. h ne SS-1 of Fig. 3A shows
‘that switch 1401 is internally cross connected to send franes from5 MsC

forvarded to base ot B tbrirpaeopidhg sld M BARifE bR Bh, St b TRU ' °
. connecti ORd i ifflePof each d erﬁ'i’%gﬁﬂd@%?%n&t(?m ﬂf" %@ﬁ@lﬁﬁ% b& the RieRiontref uliit

i switch cross connection line ross connectl on

- lines TS- lofahe rdspestive RINCiidiel 4%t dxaafplé; the KA )control uhitdnéteadt® igel ect or

© 1661 of Source diversity handover unit (DHU) 1301 receives frames 10 from
- base st at i corrdspShdinADHI gontrbHerasstoawhivh pde)oflittéortespondingsswitchrthease

. station (BS) 1263,1 are_applied to frame selector 1661 via cross

- connectsi ordiversitySmngloxariunit shalbke cennacteshfqrmeyeptivgpand transmission of

- connection line SS-6 of switch 1401 and cross connection lines TS-4
Cand TS 2 dhfermpation staepms g,%@es B]. Frame sel ector 1661 of Sour ce
~diversity handover unit (DHU) 1301 selects the best of simlarly nunbered

© 15 franes fromthe two | egs of the connection, and applies the best franes
"to nobile swi t cIn the foregaing refetendechasibesn madertoctarious|types 6Sframesgd MSC
"I/F unit 1441 [see Fig. 3A]. .. Returning to operation 4-1,
" the det er ningliding user afic,fames apd syachrpsization framesp Fig. 8, Fig 34piige8B, and

. connection_for bil.e station M5 ig, nmade RNC control unit 1411 of 20
Source. RNGFIE BT Bre diagBuNERty MAY 8F DRSS SAme R AvAEAInG 18 ar sonbedimpnt
cmobile  ordbIhlGhidE BRmbIA b e drdfe PSR oW In Fig. 8 and Fig. 8A.

; 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 8 A-2; and, a user traffic data field 8A-4.

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

20 the best frame, of all of the frames received with a given frame number from all base
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 8 A-2 [see Fig. 8A]. The
timing unit (e.g., timing unit 1417) supplies the diversity handover unit (DHU) with a’

25  frame number and with a frame number clock reference.

A dummy frame, an example of which is illustrated in Fig. 8B, can be

used for establishment of communication and synchronization when no real traffic is to



Once the determ nation to add a new base station BS not owned by anot her
RNC is made at operation 4-1, Source RNC 1221 checks whether any base

stati on owgpsled740 that other RNC is already in use by ”ﬁ.’l‘ﬂfi@%

connection for nobile station Ms. [|f t 25 nobile connection for ITDE)HE
station M5 does not thus far utilize a4tase station owned by t hat

dep ot oPeFbpLRG ERAMPAS Sy BaRk O e, AP dnciyddt s Ramevpe felg bl andd « i

1401 an(ﬁu?nm datafﬁ@deﬂ%fNC interface unit 1461 to be used by the new.
connection

14 132 bet ween Target RNC 1222 and Source RNC 1221. Further, Source
RNC 1221 then requests its Source *t_l han Qve uni t (DH 1301
to listen for any 4 S¥Agronizgtion frame,syc és & $Goisemployed tx 132

e ol | Y, ynRARGRE At &Fg%#!es? %%&*%ww%%%f gighipg lrame " 17
[ niS© shoRghTig SCIEANAE e GBb SpRECT adn HEERCREVAING BB HQNCHST

1262, 1, gen4! fatone mode of the invention, the adjustment value data field 8C-4 contains a

positive or negative time offset value.

Fig. 7 shows a radio area network 720 which utilizes multistage diversity
handling involving more than two stages. In particular, in addition to Source RNC 122

10 and Target RNC 1227 as above discussed, radio area network 720 includes RNC 1223.
In the uplink in Fig. 7, diversity handover unit (DHU) 1303 of RNC 1223 combines
frames received from base station (BS) 1263 1 and base station (BS) 1263 3, both of
which are included in respective legs of the mobile connection with mobile station MS.
For each same-numbered frame received by diversity handover unit (DHU) 1303, one

15 resultant (e.g., “best”) frame is forwarded on inter-RNC link 132’ to Target RNC 1225.
The resultant frame applied on inter-RNC link 132’ is connected through switch 1407 to
Target diversity handover unit (DHU) 130,. Target diversity handover unit (DHU)
1309 makes a second stage selection from between the resultant frame after making a
selection of a best frame from base station (BS) 1267 } and base station (BS) 1262 2,

20  and the frames received from each of base station (BS) 1267 1 and base station (BS)
1267 2. The resultant frame from the second stage combination performed by Target
diversity handover unit (DHU) 1307 is forwarded on inter-RNC link 132 to Source
RNC 1221. Target diversity handover unit (DHU) 1302 of Source RNC 1221 then
performs a first stage combination by selecting one of the frame received from base

25  station (BS) 126 3 and the second stage resultant frame received on inter-RNC link
132. The first stage resultant frame is then forwarded to MSC 124;.



operation 4-2:need .not be perforned in the illustrative scenari o.

After the determ nation has been made to add a new base stati on now owned
by 10 Sour covgR9B744021, and regardl ess of whether the added baBeT/SE®SS8/0203 i S
“the first base station invol ved forrmzlgot her RNC, at operation 4-3
~Source RNC 1221 sends a signaling age to Target RNC 1222.

a3 anacan bo i n ABAHE SO, Aiffarhé BIRTMSEH 2RI 36 apptid Hrdih sHikcC46Y
- exarpl e. T&mggﬁbqﬁgy% 896 ﬁﬁﬂ@nmnmgéwgl geﬁohﬁs h%ﬁ?sﬁgﬁgﬁﬂ%-

setup 15 reéq handover setup requédt of operation 4-3 ructs
Tar get RNgerdd¥Z fiatne copy fPbaRGtaticn (BS) 1267 ahdld Rint@oby cididest-RN@linki132

~the illustrative scenario, base station (BS) 126[err] ). If the added

" base st at toTargetRINC 1224, The frameacopnsentne Tabget RINGek223NS routed thésgh

i nvol ved in the connection, the handover setup request al so includes an

i denti §i eswitch 140g tor Tergehdiiersitychanstover unis £30p.suhichpesfarmsrresedond
identifier respecting the 20 bile station,Ms. |In e case that Targe :

" RNC 1222 Stagg| Slpé‘&&f %h‘éﬂ%dnatggée"%dsﬁtﬂge split, cemﬁﬁem%ﬁam are$ent YoLach of

- station , the .ha S et request i des t i | t)es.qf I he
base stati INous| by° _ 4 ' f

 Bans SGHORIERY (poann. sk SHUEP @V aPBea; and RIVE 22 38 oG ks

Sour ce [ 3 . I ' '

mobi o st dp20h REC 1225 Befthid B'thibd sthed St 8 sEhifintpics GOMRIEO Buid

- message, ' i ol g3 Eyer sit
handover S | B N (s e o B B B T e S i

the eyent mébile safion MBS rdceieestivy copied @fthe sathe fifankdJandaelovts thediest framdofgn
all ocated for this nobile connection. In the illustrated scenario, Target

" di ver si t y utilization.

In view of the foregoing, it should be understood that numerous
differently stagged configurations are within the purview of the present invention,
including greater number of stages and stages being treed in differing configurations.

15 For example, RNC 1223 of Fig. 7 could be connected by an inter-RNC link to Source
RNC 122 instead of Target RNC 1225, in which case a two stage configuration would
exist with Source diversity handover unit (DHU) 130 applying copies to three
members of the second stage (e.g., base station (BS) 1261 3, Target RNC 122), and
RNC 1223. |

20 In connection with the foregoing, one mobile connection, specifically the
mobile connection for mobile station MS has been discussed. Connections for other
mobile stations are likely being handled by each of the RNCs, which typically involves
use of the same or other diversity handover u_nits (DHUs) within those RNCs.

In the embodiments described herein, for sake of simplicity only a limited
25 number of base stations (BS) have been shown as connected to each RNC. It should be

understood that differing and greater numbers of base stations can be connected to each



15 handover uni & a Replaced,| ready all ocated by virtue of

previ ous i ncl usion of I ilon (BS) 126[err] in the nobile

connect i onyloopihNgi | € d a Target di ver si W:TMQQ&W# uni t
ed

(DHU) not yet geen al l ocated, the allocgtion would be acconplis
e.g., by connecting, via swtch 1402, dover unit (DHU) 1302 to RNC 5

i nterfa nit,1462... Such connectjons reyious de ip the illustrative
scenar i g{eNér and accorgq)(gyyllt]w ¢ ﬂ'é‘%"b?fsoﬁd‘g‘i‘iﬁl‘qis@é %llﬁﬁa‘ g.u rs In each diversity

I n respen e r sefup.reguest nmessage, at operation 4-5 Target
RNC ﬂ@%\%@ﬁ?ﬁﬁﬁﬂ?éﬁ%ﬁﬁgﬁpﬁ% the new base station (i.e., base
station (BS) 1262.2 ) for nobi |l e station M5. Such connections are
shown by cross connection |ljnes TS-5 and Ts- in

After allocation dnthe égageing discussiopadS& UEtullghlg‘Bgyd %%ﬁd?ﬁlsjmitdt% have
o e it e R0 O SRR e LB ™
Fequbst MELaRts Gl ctfipfled info & SREICk SR neliBipk imertBRERRE, L0ccorver o

15 base station (BS) 126[err] and to connected the transceiver to the

I ndi cat ed RNC- BS connecti on, V\VJe(} t he nemy added base station (e.g.,
base station (BS)In g’ments herein illustrated, the connection between Source

diversity handling unit (DHU) 1307 and Target diversity handover unit (DHU) 1307 has

been shown as a direct link. It should also be understood that the connection between

Source diversity handling unit (DHU) 1301 and Target diversity handover unit (DHU)
10 1303 can instead be switched via any intermediate node. For example, in an

embodiment in which such connection is swifched, the intermediate node can be an

MSC, an RNC, or a node in the public switched telephone.network (PSTN).

It should be noted that the Source DHT (e.g., the DHT that does the
15 second stage of the combining/splitting) can be moved. An example of a preferred
embodiment of DHT moveover is described in United States Patent Application SN
08/980, 013 (attorney docket: 2380-4) filed simultaneously, entitled “Diversity
Handling Moveover for CDMA Mobile Telecommunications”, which is incorporated

herein by reference.

20 Advantageously, in accordance with the present invention each inter-RNC link
requires only one transport connection for a non-source RNC. This is because the
upstage or Source diversity handover unit (DHU) sends only one copy to a Target RNC
122,, with the Target diversity handover unit (DHU) 1307 of the Target RNC 122,

_ performing splitting operations for the base stations which it owns. Conversely, on the

25  uplink, the downstage or Target diversity handover unit (DHU) 1307 sends only one
resuitant frame on the inter-RNC link to Source RNC 1221, the Target diversity



"~ provides a connecti.on setup confirmation nessage (indicated by operation
4-7), Target RNC 1222 activates Target diversity handover unit (DHU)

- 1302 so thatwdavgaeisedi versity handover unit (DHU) 1302 basimseospbisal | Y
* to process franmes (operation 4-8). 20 Upon activation of Target

- diversity handover unit (DHU) 1302, Targ RNC 1222 sends a signaling

message (BEERYEF SrtinHO3 @le@ﬁ%p%&ﬂr?@ed@%%ﬁ%&ﬁéP&f?%thﬂit?ﬁ’é%pﬁ@ 5,
adj ust base &@E&Sté\%&gb ?ﬂr?gﬂgajfz or any delay differences between

- (1) the connection our RNC 122[err] and base station (BS)
- 126[err], and (2) the connectl on 25 |nvoI ving Source RNC 122[err] and

%&?Sii on 4. 10 Whilefi inyendigh B} Brs aferlbed 3 sarnedignwitp %ﬂpﬁﬁ% Dhspatty "
uhen e S o Mt S R T PR SRS 8 B, .

} oper at4 Onghy ﬁ% inventib i HSt ﬂ&eﬂé Hnﬂté@%g dfscfdsel 'eﬁ{béfgs%ﬁnt, Hi’ﬁ%? thé @bhry,

(BS) 1262 Instructing Target Iversity han runit

. 130[err] isqnesiiideatto icoves eaddombiiifications afdeguiialént artan eﬁmhtymcluded%thi@p
i late, and in turn Target diversity handover unit (DHU) 1302 instructs

: Source 5Sthedipirt and ycdpenafitheappended ¢lridis. 1301 t o adj ust its sending tine.

* During operation 4-10




frames may be lost if Source diversity handover unit (DHU) 130[err] does
not have sufficient delay margins. A buffer in Source diversity
handover ungbedb¥led 1301 for providing sufficient del ayp&psgdsiaia
therefore preferred at original setup o& the nobile connection wth
nmobil e station MS. Also included in ope 4tion 4-1075a stgnaling 10

nmessage {Q r %to Target RNC 1222 confisgmm m

synchr o=z gﬁgéﬁA I ng have been adj ust ed. Illmmlﬂl mm““lmn
synchroni zation and tim ng have been adjusted, at opetré&tidn 411 Sburce
RNC 1221 sends a signaling nessage with a handover request to nobile

st at ijlon M5. 1 Amm‘%@!%%ﬁﬁnﬁtﬁ%ﬁﬁfss%%ﬁ{?%ﬁlﬁﬁs bile station M5 to use,

in addition to existing base 15 stations, e*newy added base station
(e.g.2 base stati oa firfiSontsdf Aods serving a first set of base statiors, the first@8h@dE. i N
sinplified form a nultistage frane splitting operation per f or med
usi ng SonwdeepézfiEniidgloneref artirsy stagRucni&2idbnasombidingioperatiomané adirst stage

i nvention. Frame splitter 1621 of Source RNC 1221 receives a user traffic
frame f reamnection gplitting epgration withaespest ta 2 mohilg eonnestion; ansl f or war ded to
nmobi l e station MS. As

1621 copi es the usélse‘f‘?zrg#?‘?lﬁhgﬁnln&hgs%riggggémesﬁgbg?‘ﬁ%éﬁ%gl . &jsq;())lpid%gr
164 i g ' .

(e & arontial Fodk Berkiriling B¢ oFRBecHR fagd BfhBHBR Shpliining pd freopd 1 oS
gﬁg gkﬁupﬁagereé hRcidh sﬁlil‘tgﬂgbﬁéfaﬁ&%dﬂi‘tﬁrre%cfr% ﬂté’mlx%olﬂifé’goﬂﬁécﬁoﬁ. frame number

ef erence. ane coplies (frame copy
1 and frane copy 2) are forwarded

Frl

-

1 2. The system of claim 1, wherein the second control mode combines same-
2 numbered frames from a plurality of base stations of the second set to yield a resuitant
3 frame, and wherein the first control mode combines the resultant frame with a same-

4 npumbered frame from at least one of the base stations of the first set.

1 3. The system of claim 1, wherein the first control mode forwards copies of the
2 frame received from a mobile switching center to at Ieast one of the base stations of the
3 first set and a single copy of the frame to the second control node, and wherein the

4  second control mode forwards copies of the frame received from the first control node

5  to a plurality of base stations of the second set.

1 4. A method of operating a mobile telecommunications system, the method

2 comprising:

3 performing one of a first stage connection combining operation and a first
4 stage connection splitting operation at a first control node, the first control node serving
5 a first set of base stations; and

6 performing one of a second stage connection combining operation and a

7  second stage connection splitting operation at a second control node, the second control

8 node serving a second set of base stations.
This Sheet Has Been Replaced
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“ fromdownlink buffers mﬂ err] both to base station (BS)
+ 1263, 1 and Target Hmﬂmumr frame copies are sent from

. downl i nk buf§ghsntad¢lerf] and 164152 * PCT/SES8/02131
- 17 according to timng information ggﬂt ained in synchronization
- adj ust nent frames received fromthe er end [see Fig. 8C]. The first

- frame copy F1 Ls. forwa r oss

" connection |In§ é@ ﬁ’%%ﬁcgﬁﬂﬁioyhe{?e sek F@gn%ﬁﬁésgbcopy §E

- forvarded ﬁfé%&ﬁhﬂ%ﬂn&bﬂﬁo&%&nﬁmﬁ shﬁi&-5

- 1401. 2F| g‘:&rg‘-gﬁ @ﬁ;ﬂééﬁeﬂfiﬁgﬂe%ﬁ{g?ﬁgs applied to base station (EA

- 1263, H‘ﬁ{}%%‘ed frafifes Foin o pliFality ¥ base Katiogs aPthiei sedond setrlbr;ae]ﬂ\dﬁrésutthnﬂ%
to Target 1222 The second frame co F2 forwarded

 to Target friide, &ﬁ&RNh@'etmﬂﬁeq:brformmg of thehfisstistagi conoection comi tmng@pb;atlon

. connection line Ts-1 [see Fig. 3B]. The second frane copy F2 is plied

_to frasre emiptises fit6zontrol masdesgsmbining thexesulians frame Wi %Fafllg'n“ﬂme@acond

“frame for each of downlink bu fg,ﬁs 164 errl. .an 64[err], with the
i epiine ity

" respect i vframe frogog least( §e gatigns, g S¥opy F2,2) being sent to
" base station (BS) 126[err] and base station (BS) 1262 2, respectively.
i In customary form frames fromeach of the three invoI ved base

~statiops are sentod 9 MARLL% Ak £ th¥ PerftiriningBPtHe ikt SfalgRobRection splitting
| 2 opération comprises the first control node forwarding copies of the frame received from
3 amobile switching center to at least one of the base stations of the first set and a single
4 copy of the frame to the second control node, and wherein the performing of the second
5  stage connection splitting operation comprises the second control node forwarding

6 éopies of the frame received from the first control node to a plurality of base stations of

7 the second set.

1 7. A mobile telecommunications system comprising:

2 a first control node serving a first base station, the first control node having a

3 diversity handling unit;

4 a second control node serving a second base station, the first control node having
5 adiversity handling unit;

6 wherein when particular mobile connection involves the first base station and the
7 second base station, both the diversity handling unit of the first control node and the

g  diversity handling unit of the second control node are utilized for the particular mobile

9 connection.

1 8. A method of operating a mobile telecommunications system, the method

2 comprising:

e ——————
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sel ecting the best ofl ﬂmm jll Larres . Fig.. 6 shows,
again in sinplified f frame conblnlng operation
per formed g dagryagur ce RNC 1221 and Target RNC 1222 accordi

802131
node of thelnventlon In Fig. 6, nobile station M5 sends the sarre,’flrarreto
each I nvol ved base station, e.g., ¥hse station (BS) 1261, 3; base

station (BS) 12 and bas station (BS) 126 ..Ipn Fig. 6,_the

frar’r% F2,1 r &8 ngia “@F&‘?‘?‘?ﬂ#‘(%@f@?&?"é’?g‘ e%ml kb%ﬁ‘@ﬂatﬁfﬁbugh :
4 T

FATUR Vs e?x?”a”fe%@n? Ban N dhe s Bl stiblon. st iRe sPront besk station » 1 ¢

connect A é&ﬂ]id} ig. 3B) to
upli ﬁk g’%t*ger s&%‘g ‘Feélrl?]eon F"lﬂ&{]b}i% er%ggglhggtr}ek?ﬁggis; 5{ |egn (BS)
126163 is conpizimsa Mmav&swmmlﬁg%xtﬁﬁme first coARBI'A6de Y b s8€ndS- 5 1 n
Fig. 3A) to uplink buffer 168 [err] Using a quality

i ndi gat diversity handling asit ih ﬂi&mecsndmontrobmrmifoﬁ'pcrfesmmg cotfibiring ahd, 1 and
frame F2,2), frane sel ector 1662 determ nes the "best" of the two

frang cepliting functionsforithe patticulanmobilepornection. a frame with a new frane
nunber, 18

1 9. The method of claim 8, wherein initially one of the first control node and the
2 second control node performs a first stage combining and splitting function and the

3  other of the first control node and the second control node performs a sec(;nd stage

4 combining and splitting function, and wherein the method further comprises moving the
5 second stage splitting and combining function to a control node other than the control

6 node which initially performed the second stage combining and splitting function.

This Sheet Has Been Replac

[ i




-Target diversity handover unit (DHU) 1302 stores the first frame with the

new frame nunber in the appropriate one of the uplink buffers 168 and
-awai ts, for wosarrde ed tinme interval, arrival of other fpremvsgssmeziil
“the sane frame nunber. Upon conpletion of the specified tine interval,

frane selector 1662 selects t.he best frangf/Q Any later arriving 5 frames of
-the sane frane nunber are discarded. Accordingly, Fig. 6 shows Target
~diversity handover unit (DHU) 1302 of Target RNC 1222 forwarding one

;resultant - frame (i p—tbis—itlystration, fra inter-RNC |ink
+ 132 to Source RNC 122[efr]. 24 Frame F2, %(amdnl ed on
inter-RNC link 132 to Squrce RNC J’ZG[err] is routed tfirough switch

+1401 on connection |ine|SS-5 as sijown in Fig. 374 to uplink| buffer 10

1 168[err]. The resultant |[frane obtdi ned from Target diversify handover unit
- (DHU) 1302 of Targ¢t RMSCL224 is routed thrjougMS®W tch 1401 (see
~connection SS-6 in Fig. 3A . [..__and_is stored_ i T uprink puffer 168[err].
“Wth franme sel ector ;1661 having both . frame F1, 3 gnd frame F2,1 in its
. set of uplink bufferts 168, f{aife sel ﬁgt or 1661 nmakes 3 tesm nation
- of "best" frame in nuch the safe fntel as ggd frame se Z to 216€S[err] of
: 15 Target RNC 1222. F ' 1661 f giwar ds H—ﬁges
“the "best" frame i1
 1241. The user traffjic Brec—<
switch 1401 on connection |ip shown in EQ.
; ame conbi_nj

r traffec part of
Fig. 6] to MSC
out ed t hrough

3A. '

jons of jthe 20
jfuati on shown in

- present invention are

"Fig. 2, Fig. 3A, | P¥ijg ¢xenpl e, Source
: di versity handover (nit{(DHU) perfotms a first
' stage of frame spli 2679 \M%E N\ 2613 2601 2657 2673 v 20

* > ¥ td 1]

FIG. 1A
PRIOR ART



di versity handover unit (DHU) 1302 of Target RNC 1222 perforns a second

st age of frame splitting. Conversely, for frame directed from nobile
stati on MSwo9w@4d241, 25 Target diversity handover unit (pdkAEcsa2131
perforns a second stage of frane conbi ni ng and Source diversity :
handover unit (DHU) 1301 of Source RNC 3yl perfornms a first stage of
frame conbi ni ng. 19
In the franme conbining and frame splitting operation, each the DHU

control ler of each div ' dover unit ( DHL) per vi sed by the_ RNC
control unit of tlhe respectli ¥&4RNC node. [For exanplje,~ 243e RNC control
unit instructs its correspgndi ng DHU contjrol | er as ffo I ch ports of
its corresponding switjch the 5 Jdiversity handqover unit J(DHU) shall be
connected for receptiqn and trarsni ssion of inforngti on streans (e.g.,
franes). MSC 1} the foregoi ng r epsCencq has been made to
various types of franes, rTicl uding user tTartIg-TT anmes and

T o 8Care

% an enbodi nent 10
/s in Fig. 8 and
lic fran'.e whi ch has a

synchroni zati on; Iyanmes. H j.'l'é',' Fig- "8A"F 9. "8B  Tand
di agrammatic vi bl types{oy frames utilized accordi
of the invention. nples of tyaffic frage for

Fig. 8A Flg. 8 6% Nar
framatypefielp&l DHUE=

C

i
: : " 20
‘ e’
Bs| [Bs| [Bs
28 Byy
: 2,1 MS 22 :
. — !
o e e e o . e e - = e o e s e e e e e o o
FIG. 1C
PRIOR ART
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. 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 franme which has a

frame type fwebdnftide 1; a frane nunber field 8A-2; and, ®PATSRISN2I3IT| C
data field 8A-4. 15 Anéeﬁéarrpl e of contents of the quality
indicator fields 8-3 and 8-4 is a ived signal-to-noise ratio (SIR)

for the frane. In addition, a checksumresult for the frame coul d be
included in the quality indicator fields 8-3 and 8-4. The quality
~indicator.- is used by the frane selector in the diversity handover unit

(DHU) to sel ect and forward (to the appropriate nobile swtching
center MSC) the user traffic data of 20 the best frane, of all of the
frames received with a given frane nunber fromall base stations
“invol ved for the connection with nobile station M5. The frane splitter, on
t he ot her hand, copies the user traffic data to all base stations
“involved in the connection for nobil e station M5, and attaches the
frame nunber for field 8A-2 [see Fig. 8A]. The timng unit (e.g

timng unit 141[err]) supplies the diversity handover unit (DHU) vvlth a 25
frame nunber and with a frame nunber clock reference.
A dummy frame, an exanple of which is illustrated_ jn Fig. 8B, can be

used for establishnent ¢ ni ¢ ill‘i’vn and synghr ogy ticpfvdﬂ‘bn no real
traffic is to cﬂgau jﬁ “Msc
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20 be sent. The exanple dumry franme of Fig. 8B includes.a frane type
field 8B-1 and a dummy data field 8B-4. A
synchr oni zav@esm¥mene, such as that shown in Fig. 8C, is enppOyeEbsio1s1
carry synchroni zati on adjustnment values. The exanple ofthe synchronization
frame 5 shown in Fig. 8Cincludes a frane type field 8CG1 and an

adj ust nent val ue data field 8C—4 one node of the invention, the
adj ust rent val ue data field 8C 4 conta positive or negative tine
of-f set val ue. Fig. 7 shovvs a radio area network 720
which utilizes nmultistage diversity handl i ng i nvol ving nore than two
stages. In particular, in addition to Soyrege RNC 122[err] 10 an jet o
RNC 1222 as above di scussed, radi o area r,ej?w/\ork 720 i ncl udes RNC 1@3 ]
In the uplink in Fig 7 diversity handoyer unit (DHJ) 1303 0o 3
combi nes frames received from base gtation (BS) 1263, 1
station (558) 1263, 2, both of —rfr—e—d ded inr ‘tive | egs of
t he nobil ¢ connection with nobil ¢ station I\/B e //game-nunbered
frame recdi ved by diversity handpver g o] 15 | resul tant
(e.g., "bgst") frane is forwarded on in RNCI B2/ /fosFhr get RNC
1222. The resultgnt frane applied on I nter- g I s connected
t hrough sWitch 1402 td Tar get di?/ersmy handover | fihi f (DHU) 1302.
Target diyersity handqver_unit (DHLU) 1392 nmkes H/€e¢ond| st age
sel ection|from betwgen tjhe regul tant framegfter—pk{g sel ect i on of
a best frame fromJiasq st ati g m—basES] at® ¢n (BS)
20 and the fram=§_ edeijved gro base statfjon| (BS] 12b
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126[err].
. by Tar get

link 132 t owges£940

di versity handover

The resultant franme fromthe second stage conbi nati on perfornmed
unit (DHU) 1302 is forwarded on inter-RNC

RNC 1221. Target diversity handover uRCI/SEEM2131302
perforns a first stage conbination by

- of Source RNC 1221 then
* selecting one of the franme received from base 25
. the second stage resultant frane receiv

e

ded to MSC 1241.

station (BS) 126[err] and
on inter-RNC |ink

132. The

- first stage resultant frane is then for
- 21 .. i In the downlink, a frame from MSC 1241 is applied-
. through switch 140[err] to Target diversity handover unit (DHU) 1302,
" which perforns a first stage split and - sends a franme copy to base
- station (BS) 1263,1 and a franme copy on inter-RNC |link 132 to Target
RNC 122[err]. The frane copy sent to Target RNC 1222 is routed through 5

- switch 1402 to Target diversity handover unit (DHU) 1302, which perfo¢ﬁ§ a
- second stage split of the frame . ln th —h, copi eeof
~the frame dre sent to each gf hase dtation (BS) 128l err], |base station
. (BS) 1262,4, and RNC 1223 (Jia inter-RNC|link 132").] RNC 11223 pe rns
athird stgge split by send] pg—copres—of{tte—fTamejt o basg stati
(BS) 1263, 1 and base statiop (BS) 126[ern]. This, ijn the Fig. 7
illustratidqn, 10 nobile sthfion M5 redel uep ¥ ve dopi es pf theg sane frane,
and sel ectq the best franme |pr utigggng6n.
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In view of the foregoing, it should be understood that nunerpus .
differently stagged configurations are within the purview of the present

i nventi on, woesn#aec! udi ng greater nunber of stages and st agascisioggzisiced
in dlfferlng configurations. 15 For ex l e, RNC 1223 of Fig. 7 could be
connected by an inter-RNC link to Sour RNC 1221 instead of Target
RNC 1222, in which case a two stage configuration would exist with
Source diversity handover unit (DHU) 1301 applying copies to three
menbers .of the second stage (e.g., base station (BS) 126[err], Target RNC

122[err], and RNC 1223. 20 In connection with the
foregoi ng, one nobile connection, specifically the nobi | e connecti on
for mobile station M5 has been di scussed. Connections for other nobi | e
stations are_|ikely being handled b aﬁh of the RNCs, which typically
i nvol ves 0 of the same or ot%%ﬁm iversity handover ( DHUs)
w thin those . I n the enbodi nent i bed
herein, for sake of sinplicity only allimted 25 nunber of RHase stations
(BS) have been| shquo.as._connected to gach RNC. It should be under st ood
that differing ang @HHﬂDEﬂOnJ\yfkb of | base stations can be cdnnected to
each - ADDBSTO
MS CONNECTION
ALLOCATE 42
INTER-RNCLINK [~
~<— CONNECTION IF
_NECESSARY 43
HANDOVER SELUPREQUEST O ALLOCATE 44
j Su— DHUIF N~
NECESSARY
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- RNCBS [~
CONNECTION
46 -
CONNECTIONSERUP 2 o
CONNECTION 41
<« SETUP CONFIRMATION o
_ ACTIVE N 4.8
= DHU
HANDOVER 4
. SETUPCONHIRMATION 0
410
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SEND
HANDOVER
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. 22 RNC, .and accordingly that the nunber of downlink and uplink buffers

I n each diversity handover unit (DHU) is dependent thereon.

In the foregwomgruidscussi on, MSC I/ F unit 144 and RNC I/ F uni thlZSEMWél
- been illustrated as separate interfaces. It should be understood, however,
. that these 5 interfaces can be conbl ne,z into a single transport network
- interface unit. t 2 enbodi nents herein illustrated,
. the connection between Source d| versity handling unit (DHU) 130[err]
" and-Target diversity handover unit (DHU) 1302 has been shown as a -

~direct link. I't shoul d al so be understood that the connecti on between
Source dive handling unit (DHU) 130[err] and Ta lversity handoQéP

~unit (DHU) | B~ 1302 can instead be switched via any Eex. pdi at e node. F
exanpl e, i éﬁl enbagi nent in which such connect &S
i nt er nedi al&Znadle &3n be~an VBC, armRNQ§ or nhde i o

swi tched, the p=—
swi t ched telephone net wonlk (PSTN).

a¥a -

t he pubISt:c

t sheuld b not ed

t hat the Sou:k § DHT((€. g, the DHT t seton stggerbf t he
conbi ni ng/ [ npvegd, ex pr red
enbodi nmen i|s| de5gri ped |Rroncted at es Pat ent ApBN'\cation
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Tel econmuni ¢ iLsli oprppr at pd | &S 'eqnerc/

= NS

=)

e
o o
=BES =& =
=

S
2.,
%‘:E‘
W
:::EE‘,N cD'
‘ = EE‘ R
£ £ fEd g T &
N L
=3 ) l, 1 - 2
5 \ = —
% o J_%>' Al e \‘\
w = - <5 =
g: :>é B
= _ , /
[ ]
= T 2
= .
o

12
FRAME
| COPYFI
s

122 TARGET
N\
COPY
g
A
BS
\‘\n(§2

FRAME

Y
BS
. 1261




20 Advant ageousl y, in accordance with the present invention each
inter-RNC |ink requires only one transport connection for a non-source
RNC. Thi s ywe dggsRbSE the upstage or Source diversity hRGUISESSO2431 t
(DHU) sends only one copy to a Target RNC 1222, with the Target
diversity handover unit (DHU) 1302 of Qi@ Target RNC 1222 perform ng
splitting operations for the base stations which it owns. Conversely, on
the 25 uplink, the downstage or Target diversity handover unit (DHU) 1302
sends only one resultant frame on the inter-RNC link to Source RNC
122[err], the Target diversity

23 handover unit (DHU) 1302 having performed a conbi ning operation with
respect to all base stations owned by Target RNC 1222.

Wil e the invention has been described in connection with what is presently
considered to be the nost practical and preferred enbodinent, it is to be

understood 5 that the is . not to befrtmted tp t di scl osed
enmbodi ment, but on thp C(MS(Y:arylf 4 is intenped MSCcovgs i ous

nodi fications and equjval ent arfangenents i ncluded within the spirit

and scope of the appended dlLains A
s 1y :
: SOURCE "
1 RNC \ '
: DHU :
" 130; '
BS | |BS E
: 6y 126y 12613 126y, Vel
: MS :
E 12637 E
! 1%, /1Bs | [BS J
E 1303_j DHU e 1223 E
e eeteamammmmmmm e — J
---------- R

20



1. A nobile tel ecommunications system conpri sing: a first radio

network controller (RNC) node connected to a nobile switching center for

- handl i ng a mebbderraennecti on between the nobil e switching centPOT/SRI&0BLr al
~ base stations involved in the nobile co @fitlon’ the first radi o network
~controller (RNC) node serving a first se f base stations involved in the
- connection, the first radio network controller (RNC) node perform ng one of
. a first stage connection conbining operation and a first stage connection
~splitting operation with respect to a nobile connecti on; a second

. radio network controller (RNC) node serving a second set of base stations

- involved in the connection, the %ﬁﬁﬁgw k controller (RNC) node

. perform ng one of a second stage G ng operation and a

" second stage connection spliitting gratip h t Jto the second set
2 ek sl B

- of base stations involved i]n 'tfhe b|| ch an inter-control
- node link connecting the fi adPU ue?/ OT R c,un?ol e ( RNC)

1 %2 83 84

FIG. 8

DOWNLINK TRAFFIC FRAME
Tl USER TRAFFIC DATA
Wl 842 $A4

FIG. 8A

DUMMY FRAME
T EN NuUDATA
§B-1 §B-2 §B-4

FIG. 8B

SYNCH ADJUSTMENT FRAME

T - | ADJUSTMENT VALUE

¢ 4

§C-1 §C4

FIG. 8C
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node ‘and the second radio network control I er (RNC) node for carry| ng one of

a second stage connection conbi ni ng requhs Shedishtressecend rjadi o hét«0r 12000
controller (RNC) node to the first radi aioggfinnoEtien |( RNC) node and
a first stage connection splitting result fyomthe first radi o network
controller (RNC) node to the second radio network controller (RNC) node.

2. The systemof claim1, wherein the second radi o network controller (RNC

Lo o e NS TA G BV RS A NTL IS, O CoRa

controller (RNC) node conbines the resultant frane with a sarre nunbered

fl'[lgngyfs[gmg; lcFZiS?n in%egg%ﬁmgmw-%rg er (RNC) >

-node forwards copies of the frane received froma nobile svm tch| ng center
to at |east one of the base stations of the first set and a single copy of
the frame to the second radio network controller (RNC) node, and wherein

t he second radi o network controller )l§ WU war ds copi es of the frane
received fromthe first radio netvvork contro RNC) node to a plurality
of base stations of the second set.

This patent application is related to United States Patent Application SN
5 SN 08/980,013 (attorney docket: 2380-4) filed simultaneously, entitled “Diversity
Handling Moveover for CDMA Mobile Telecommunications”, which is incorporated

herein by reference.

1. FIELD OF THE INVENTION

In mobile telecommunications, a mobile station such as mobile telephone
10 communicates over radio channels with base stations. Typically a plurality of base
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.

15 In a code division multiple access (CDMA) mobile telecommunications
system, the information transmitted between a base station and a particular mobile
station is modulated by a mathematical code (such as spreading code) to distinguish it
from information for other mobile stations which are utilizing the same radio frequency.
Thus, in CDMA, the individual radio links are discriminated on the basis of codes.

20  Various aspects of CDMA are set forth in Garg, Vijay K. et al., Applications of CDMA
in Wireless/Personal Communications, Prentice Hall (1997).

AMENDED SHEET



| 1111111111111[122211 11011f1111181 25 25 4. Prlh'é Ssty%?érﬁ %? 31
claim1, wherein the first stage connection conbining operation pgrf 0t 9000
at the first radio network controller (RNC) node utilizes the second stage
connection combining result carried on the '5nt er-control node I|ink.

5. A nmethod of handling a nobile connecti oﬂl i n nobile tel ecommuni cations

syst em bet mmil If@‘} i ﬁfé‘g s I 5 At | s

in the nobiTe (?g_fcm_ec ti(gn v gggz l?él%rs ?gg'll l%@%tg? \%ﬁhgg?m’? %gﬂlg‘tfléi &E]%l)laﬁggggge
the method genen (851926 1in the RESHIR cOriMecAHR f6F mBbilk shitich MBS 440 A Tedro &N
conbi ning operation and’a first stage connection splitting operation at the

first radi odivetsityrhandoner ahit (DHUYNIt yeobeen hllecdied,she aldecatioretvonldkbe
controller (RNC) node serving a first set of base stations involved in the
connect i on; accomplishpd eigs by aonnactingf via syetaintdQy hardaven mait (LU 4303 to RNC
operation and secqnil t age .connection splitting operatign at_ a second
radi o nét wolkeréane gt | 46. (Fugh) consgetions, Previeusly mads 1 e dlBstativisriceariierare

(RNC) node servi a_second f. ) tations involved in the
connection;wgghmsﬁépﬁﬁa%'gﬁ?ﬁg‘ trol node Iink connecting the

first radio network controller (RNC) node and the second radi o network
controller (RNC)_node for carrying one of a second stage connection
conbi ni ng r esul t Irf resporsectodhe bandovatisstupoteaoest roessage | at @peranqn) 4-achrgebRNCe

first radio petwrk controller (RNC) node and.a fjrsjy stage c ectjo

splitting rbotaliocatsh% saanerticn ke e v BRSO RRUER -0 DA SRR B B b0 e

second radi SoBfi \Qﬁrti%n%t. rfdéheéonQ%gnsngr%%hown by cross connection lines TS-5 and Ts-
10 6in Fig. 3B.

- After allocation of a connection to base station (BS) 126, ,, at operation 4-6

Target RNC 122, sends a connection setup request message to base station (BS) 126,, . . .

over semipermanent connections established at start-up of the base station. The
connection setup request instructs base station (BS) 126, , to activate the transceiver of

15  base station (BS) 126, and to connected the transceiver to the indicated RNC-BS
connection. When the newly added base station (e.g., base station (BS) 126,, )
provides a connection setup confirmation message (indicated by operation 4-7), Target
RNC 122, activates Target diversity handover unit (DHU) 130, so that Target diversity
handover unit (DHU) 130, begins actually to process frames (operation 4-8).

20 Upon activation of Target diversity handover unit (DHU) 130,, Target RNC 122,
sends a signaling message to Source RNC 122, with a handover setup.confirmation
message (operation 4-9). Meanwhile, Source RNC 122, and Target RNC 122, adjust
their timing to compensate for any delay differences between (1) the connection
iﬂvolving Source RNC 122, and base station (BS) 126, 3, and (2) the connection

25  involving Source RNC 122, and Target RNC 122,. Such timing adjustment is shown as
synchronization operation 4-10 in Fig. 4. Synchronization is particularly important

when an added base station is the first base station added for a

AR TT0 SHEET



6. The nethod of claim5, wherein the performng of the secongcétgﬁga/"’mm
connection combi ni ng operation conprises the second radio networ@ { -01- 2000
controller (RNC) node conbining sane-nunbered franes froma plurality of

base stations of the second set to yield %Esultant frame, and wherein the
performng of the first stage connection c I ni ng operation conprises

£ it o .
i h o saredoniay SaSRRLIE 1B hERbnEREBP bR 8 IR it el B i
first set. pandover uxlﬁ_t (ﬁpﬁj)rqgtdgﬁgnégm%@k&?, the performng of the first

stage connection splitting operation conprises the first radi o network
controller (RNC) node forwarding copies of the frane received froma nobile

26 the frret set and 1 F ftesdB Pohtion MSCTLA Rt R nd BNE MEgmit 145 havs
control ler ﬁggﬁﬁl{lMﬁﬁd aE‘Qggd‘i‘Qferiﬂté?fécQE P oﬁicf'bé‘ﬁngérrsfa ﬁS%Qgr,EﬁﬁQﬁese

connecti on I Ng oper I on conprises the secon & networ

control lser jhiiaces 8 be ok ihts aRiBse tfanspért hebwdrkliatefacecudit.om t he
first radio network controller (RNC) node to a plurality of base stations

of the second set.
In the embodiments herein illustrated, the connection between Source

diversity handling unit (DHU) 130, and Target diversity handover unit (DHU) 130, has
been shown as a direct link. It should also be understood that the connection between
Source diversity handling unit (DHU) 130, and Target diversity handover unit (DHU)
10 130, can instead be switched via any intermediate node. For example, in an
embodiment in which such connection is switched, the intermediate node can be an

MSC, an RNC, or a node in the public switched telephone network (PSTN).

It should be noted that the Source DHT (e.g., the DHT that does the
15 second stage of the combining/splitting) can be moved. An example of a preferred
embodiment of DHT moveover is described in United States Patent Application SN SN
08/980,013 (attorney docket: 2380-4) filed simultaneously, entitled “Diversity
Handling Moveover for CDMA Mobile Telecommunications”, which is incorporated

herein by reference.

26 Advantageously, in accordance with the present invention each inter-RNC link
requires only one transport connection for a non-source RNC. This is because the
upstage or Source diversity handover unit (DHU) sends only one copy to a Target RNC
122,, with the Target diversity handover unit (DHU) 130, of the Target RNC 122,
pérforming splitting éperations for the base stations which it owns. Conversely, on the

25  uplink, the downstage or Target diversity handover unit (DHU) 130, sends only one
resultant frame on the inter-RNC link to Source RNC 122,, the Target diversity

AMFNnEn [od 8 "—"'-T



8. The nethod of claim4, further conprising using the second Psct'aéé 98/¢2131
connection conbining result carried on the inter-control node |ink %3 Lﬁﬁ 2000
first stage connection conbi ning operation performed at the first radio
network controller (RNC) node. 9. ﬁ\ mobi | e tel ecomuni cations ————
system handl i ng a nobile connection betweefi'a nobile swi tching center and
_plural bas ' ;i S@Eﬁ i §i.n t he nobil e connection, th ﬂ““luj

conpri si ngwﬁl‘%\ a0 network controller (RNC) ﬁmmm X |\ “‘!“

first base station, the first radio network controller (RNO* ndde“having a

di versity handling unit; a second radi o network controller (RNC
node serving a $Pbiedeleesminfiindédtivns syStenSesApHsingdi 0 network control | er
(RNC) node having a diversity handlihg unit; an inter-contral node

link connecting # fisstiradior natwierk cortrolend RN nede epnneaked tap awbileswifhing
second radi . RE MO ERAS & Phdbile éﬁl\)&%ﬁpﬁg%;weer{ e m S§ E\w&cmgnrbgﬁﬁeand plura

particul ar nobile connection 1nvo S ase ation secon
base st at i obgselstationshnvolivediis the/miobildiconpeation, the firdteadiormetwoddcontraliasor k

controller nQde and t di versity .handling,unit of the second radio,.
metvor k. cortHUED BPAE Breie AEsCiel 8F Briq saRbiein Bt i Be chfectipho Mo fifY eidio
connect i on, nawdrivieneblert ﬁ'ﬂNCD\ hede g@ﬁbﬁﬁing@ﬁ%f a fifstGdde @mneB&oR tombining
connection conbining result fromthe diversity handli nghunlt of the_ second

radi o net woPBeradon And pdirst stags comnection spHEIRG QRsranen Wilheaspeagl torf mobile: he
first radi oqiglcb@bk controller (RNC) node and a connection splitting result
fromthe diversity handling unit of the first radio network controller

(RNC) node to t hesefiondrradioyngtwonk captrahien (RINC) nede senying a se¢andnset wébrse
controller s(tgili@s i%}gfwd in the connection, the seconc_l radio network controller (RNC) node
performing one of a second stage connection combining operation and a second stage

connection splitting operation with respect to the second set of base stations involved in
the mobile connection;

an inter-control node link connecting the first radio network controller (RNC)
node and the second radio network controller (RNC) node for carrying one of a second
stage connection combining result from the second radio network controller (RNC)
node to the first radio network controller (RNC) node and a first stage connection
splitting result from the first radio network controller (RNC) node to the second radio
network controller (RNC) node.

2. The system of claim 1, wherein the second radio network controller (RNC)
node combines same-numbered frames from a plurality of base stations of the second
set to yield a resultant frame, and wherein the first radio network controller (RNC) node
combines the resultant frame with a same-numbered frame from at least one of the base
stations of the first set .

_ 3. The system of claim 1, wherein the first radio network controller (RNC) node
forwards copies of tI;e frame received from a mobile switching center to at least one of
the base stations of the first set and a single copy of the frame to the second radio
network controller (RNC) node, and wherein the second radio network controller
(RNC) node forwards copies of the frame received from the first radio network
controller (RNC) node to a plurality of base stations of the second set.
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10. A net hod e%—eﬁe{a{—kngﬁa——n@bl-le t el ecommuni cations system t%g! c_@i_hgﬂm

conpri si ng: a particular nobile connection ' n

nobi |l e sw t chi nH!lmg H !ﬂbl | e station using a first base station and
a second base s ) base 27 station and
t he second base station be| ng respectivel y2%ont rolled by a first radio
network controll t RNC)
node; util zﬂﬂ'gl!% Fﬁgfcgfn@efr‘is %%gﬁldtké %&tggé p&sﬂn%cﬁﬁ’ﬂ %‘%ﬁfnlgédi o]

network co g&éﬁ&{ ir%l@ied‘ ;@ﬁa%rﬁ'cbﬁ&%nw(mwldoaa uilizks tHe §e‘%6nd

second radi 0 network contr node for performng conbining and

splitting foud ¢oection cbhibnﬁﬁgtrbsult édrrigdlun thednrepeohtrohhode link. usi ng an
i nter-control node link connecting the first radio network controller (RNC

node and the second radi o network cont roller (RNC) node for carrying one of
2, connecti on cond! ik B SEHt hahdih 4 o REC eSO R BoRIPE bt
unit in theykteqsbetwitnG mebile rskzmhm%]@édte:r admﬁ}alﬂmde sEtidng ifwslned in die
splitting rrggl:tyllllé cf)rrn?ergu%gevlg Iav 1rrstS 1I'at o ngtrw]»gcl)r C nltjrrc])iler (RNC) node, the method
comprising:
performing one of a first stage connection combining operation and a first stage
connection splitting operation at the first radio network controller (RNC) node, the first
radio network controller (RNC) node serving a first set of base stations involved in the
connection;
performing one of a second stage connection combining operation and a second

stage connection splitting operation at a second radio network controller (RNC) node,

the second radio network controller (RNC) node serving a second set of base stations

involved in the connection; and,

using an inter-control node link connecting the first radio network controller
(RNC) node and the second radio network controller (RNC) node for carrying one of a
second stage connection combining result from the second radio network controller
(RNC) node to the first radio network controller (RNC) node and a first stage
connection splitting result from the first radio network controller (RNC) node to the
second radio network controller (RNC) node.

6. The method of claim 5, wherein the performing of the second stage
connection combining operation comprises the second radio network controller (RNC)
node combining same-numbered frames from a plurality of base stations of the second
set to yield a resultant frame, and wherein the performing of the first stage connection
combining operation comprises first radio network controller (RNC) node combining
the resultant frame with a same-numbered frame from at least one of the base stations of
the first set.

7. The method of claim 5, the performing of the first stage connection splitting
operation comprises the first radio network controller (RNC) node forwarding copies of
the frame received from a mobile switching center to at least one of the base stations of
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8. The method of claim 4, further comprising using the second stage connection
combining result carried on the inter-control node link in the first stage connection

combining operation performed at the first radio network controller (RNC) node.

9. A mobile telecommunications system handling a mobile connection between
a mobile switching center and plural base stations involved in the mobile connection,
the system comprising:

a first radio network controller (RNC) node serving a first base station, the first
radio network controller (RNC) node having a diversity handling unit;

a second radio network controller (RNC) node serving a second base station, the
second radio network controller (RNC) node having a diversity handling unit;

an inter-control node link connecting the first radio network controller (RNC)
node and the second radio network controller (RNC) node;

wherein when a particular mobile connection involves the first base station and
the second base station, both the diversity handling unit of the first radio network
controller (RNC) node and the diversity handling unit of the second radio network
controller (RNC) node are utilized for the particular mobile connection, and wherein the
inter-control node link carries one of a connection combining result from the diversity
handling unit of the second radio network controller (RNC) node to the diversity
handling unit of the first radio network controller (RNC) node and a connection
splitting result from the diversity handling unit of the first radio network controller
(RNC) node to the diversity handling unit of the second radio network controller (RNC)
node. R
10. A method of operating a mobile telecommunications system, the method
comprising:

establishing a particular mobile connection between a mobile switching center
and a mobile station using a first base station and a second base station, the first base
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station and the second base station being respectively controlled by a first radio network
controller (RNC) node and a second radio network controller (RNC) node;

utilizing a first diversity handling unit in the first radio network controller (RNC)
node and a second diversity handling unit in the second radio network controller (RNC)
node for performing combining and splitting functions for the particular mobile
connection;

using an inter-control node link connecting the first radio network controlier
(RNC) node and the second radio network controller (RNC) node for carrying one of a
connection combining result from the second diversity handling unit in the second radio
network controller (RNC) node to the diversity handling unit in the first radio network
controller (RNC) node and a connection splitting result from the diversity handling unit
of the first radio network controller (RNC) node to the diversity handling unit of the
second radio network controller (RNC) node.

11. The method of claim 10, wherein initially one of the first radio network

controller (RNC) node and the second radio network controller (RNC) node performsa =~

first stage combining and splitting function and the other of the first radio network
controller (RNC) node and the second radio network controller (RNC) node performs a
second stage combining and splitting function, and wherein the method further
comprises moving the second stage splitting and combining function to a radio network
controller (RNC) node other than the radio network controller (RNC) node which
initially performed the second stage combining and splitting function.
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