20107052062 A1 |1 I 00 O A 010 OO0 O 0

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /g5 1IN V00T 00 A 08RO 0 OO A1
International Bureau S,/ 0
g ' Joy . . .
. . _ S (10) International Publication Number
(43) International Publication Date \'{:/_?___/

14 May 2010 (14.05.2010) PCT WO 2010/052062 A1
(51) International Patent Classification: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
HO4W 36/04 (2009.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. . HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(21) International Application Number: KR. KZ. LA. LC. LK. LR. LS. LT. LU. LY. MA. MD
PCT/EP2009/062247 ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(22) International Filing Date: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
22 September 2009 (22.09.2009) %1; ISJC[i %KG %Ls SUNé %TC S\X\I SZ& TZJMTI\Z/I{VTN, TR, TT,

25) Filing L : English
@9 T 1nfg z-mguage e TS (84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
(30) Priority Data: GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
08305773.7 5 November 2008 (05.11.2008) EP %‘1\’/‘[’3 EEufaSIan ((ﬁ%/[’B%ZégYC’HK%Y Kéz N][)% ]f){g» ETEJ
, Buropean N 5 s 5 N 5 5 5 Y
(71) Applicant (for all designated States except US): ALCA- ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
TEL LUCENT [FR/FR]; 54, rue La Boétie, F-75008 MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
Paris (FR). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

(72) Tnventor; and ML, MR, NE, SN, TD, TG).

(75) Inventor/Applicant (for US orly): FAHLDIECK, Declarations under Rule 4.17:

Torsten [DE/DE]; Beutenfeldstr. 40, 71254 Ditzingen as to applicant's entitlement to apply for and be granted

(DE). a patent (Rule 4.17(i1))
(74) Agent: WETZEL, Emmanuelle; ALCATEL LUCENT, __ of inventorship (Rule 4.17(iv))
Intellectual Property & Corporate Standards, Lorenzs-
trasse 10, 70435 Stuttgart (DE). Published:
(81) Designated States (unless otherwise indicated, for every —  With international search report (Art. 21(3))

kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(54) Title: SYNCHRONISATION METHOD BETWEEN BASE STATIONS, RADIO COMMUNICATION SYSTEM AND
BASE STATION THEREOF

DF2

MBS

subchannals

SB81

MBS2

B B B

fime 10
(57) Abstract: The invention relates to o method for use in o radio communication system (RCS), the radio communication sys-
tem (RCS) comprising at least three base stations (SBS1, MBS1, MBS2), a first one (SBS1) of the at least three base stations
(SBS1, MBS1, MBS2) hereinafter called first slave base station, a second one (MBS1) of the at least three base stations (MBSI1,
MBS2, SBS1) hereinafter called first master base station, and a third one (MBS2) of'the at least three base stations (SBS1, MBS,
MBS?2) hereinafter called second master base station, the method comprising the step of controlling a first part (P1) of a radio re-
source allocation domain at the first slave base station (SBS1) by the first master base station (MBS1), wherein the method further
comprises the step of controlling at least a second part (P2) of the radio resource allocation domain at the first slave base station
(SBS1) by the second master base station (MBS2), and wherein the first part (P1) and the at least second part (P2) of the radio re-
source allocation domain are disjoined.
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SYNCHRONISATION METHOD BETWEEN BASE STATIONS,
RADIO COMMUNICATION SYSTEM AND BASE STATION
THEREOF

FIELD OF THE INVENTION

The invention relates fo a methad for use in o radio communication system

aecording to the preamble of claim 1, to o radio communication system

according fo the preamble of claim 12, and fo o base station according o

the preambie of claim 15,

BACKGROUND OF THE INVENTION

In radio communication standards as for example in [EEE 802.16e, two or
more base stations are synchronized fo a same time basis. The base
stations fransmit synchronized downlink frames 1o mobile stations located in
the coverage area of the base siations. In an overlap area belonging to twe
or more base stations the synchronized downlink frames of neighbour base
stations can comprise resource blocks, which camprise the same dota for o

specific mobile station.

In collahorative MIMO {(MIMO = multiple input multiple output} with
multiple antennas at the transmitter and the receiver, two or more base
stations collaborate in the downlink direction 1o send simultaneously radio
signals in o same frequency band to o mobile station. In that way, the data
throughput of the individua! fransmitters can be incremented, even if sach

base station has only o single antenna.
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In a method for data synchronisation especially for collaborative MIMO an
OFDMA radio communication system {OFDMA = orthogonal frequency
division mulliple access) comprises o network element coupled 1o at least o
first and o second base station. The first base station is a master base
station and the second buse station is-a slave base station of the master
base station. The master base station and the slave base station are
coupled 1o ot least one wirsless terminal. The relevant steps according to
this method are: receiving o collaborative MIMO connection request from
the wireless terminal by the master base station or the slave base station,
sending o duplication signal 1o the network element from the master base
station or the slave base station, the duplication signal indicating a
duplication of a collaborative IP flow {IP = Internet Protocol) for the wireless
terminal, receiving a first IP packet of the colloborative [P flow by the muster
base station and scheduling o first portion of o first downlink frame,
sending a frame layout message from the master base station fo the slave
base station, the frame layout message containing o description about the
first portion of the first downlink frame, and scheduling a sacond portion of
a second downlink frame by the slave base station with the description of

the first portion of the first downlink frame.

The way of scheduling data to a downlink frame by o buse station affects
the overall dota rate of the base station. Therefore, # is the object of the
invention to improve the data throughput of base stations using such

partions hereinafter called parts in the downlink frams.
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SUMMARY OF THE INVENTION

This object is achieved by a method for use in a radic communication
system, the radio communication system comprising of least three base
stations, o first one of the af least three bose stations hersinafter called first
slave base station, ¢ second one of the at least three base sfotions
hereinafter called first master base station, and a third one of the at least
three buse stations hereinafter called second master base station, the
method comprising the step of controlling o first part of @ radio resource
allocation domain af the first slove base station by the first master base
station, wherein the method further comprises the step of controlling dt least
a secend part of the radio resource allocation domain at the first slave base
station by the second master base station, and wherein the first part and the

at least second part of the radio resource allocation domain are disjoined.

The obiject is further achieved by an independent ¢laim 12 for the radio
communication system and by an independent cloim 15 for the buse

station.

Depending on the allocation of slave and moster functions fo the base
stations of a radio access network, o slave base sfation can be located in a

neighbourhood of more than one master base station.

Furthermore, a master base station can be responsible for a larger group of

base stations hereinafter called domain. Slave base stations ot the border of

such a domain can be assigned also o an adjacent domain. Those slave

base stations will be controlled by more than one master bose station,



10

20

WO 2010/052062 PCT/EP2009/062247

The method according to the prasent invention offers the bensfit to avoid a

situation in the slave base station, that twe master base stafions want to

control the same part or an overlapping part of the radie resource

allocation domain of the slave base station.

Ancther advantage is the avoidance of signaling messages from the slave
base station back jo the master base stations in case of a double allocation

of resources ot the slave base station.

A further advantage is that a mobile station con receive data units of
separate data flows belonging to different collaborative MIMO domains in

one downlink frame.

Parameters of the first and second part; e.g. the size, the farm, or the
location within the radio resource allocation domain, can be determined by
an OMC (OMC = operation and maintenance centre), they can be
coordinated directly between the involved master base stations or other

mechanisms like for example based on self-configuration can be used.

By using messages carrying the frame layouts for the first and second part
only o one-way signalling message from the master base station to the
slave base station is required. Sending the message carrying the frame
layout furthermore in a multicast fransmission to several base stations

signalling resources can be further reduced.

The invention can be also used to Irigger « precise point in time, when o

hard hondover from a master base station fo o slove base stafion or in
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backward direction should be performed without o delay in the packet

fransfer,

Further advantageous features of the invention are defined by dependent

claims for the methed.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the invention will become apparent in the following
detailed description and will be illustrated by accompanying drawings given

by way of non-limiting illustrations.

Figure 1 shows a block diagrom of a radio communication netwark for
performing a method in accordance to a first and o second embodiment of

the invention.
Figure 2 shows a block diagram of downlink frames for performing the
method in accordonce to the first and the second embodiment of the

invention.

Figure 3 shows a flow diagram of the method in accordance to the first

embodiment of the invention.

Figure 4 shows o flow diagram of the method in accordance to the second

embodiment of the invertion.

Figure 5 shows o flow diagram of a first application of the invention.
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Figure & shows a flow diagram of a further application of the invention.

Figure 7 shows a block diagram of radio cells in accordance to o fifth

embodiment of the invention.
DETAILED DESCRIPTION OF THE INVENTION

Referring to Figure 1 a radio communication system RCS containg o radio
access network RAN, o network element NE, and an operation and

maintenance centre OMC,

The radio access network RAN contains o first master base station MB31, o
second master base station MBS2, o first slave base station SBS1, a second
slave base station SBS2, and o first mobile station MS1. Further master base
stations, slave base stations and mobile stations of the radio access network

RAN are not shows for simplification.

The first slave base station 5BS1 provides radio access for o first radio cell
C1. The first master base station MBS1 provides radio access for a second
radio cell C2. The second master base station MBS2 provides radio access
for a third radio celt C3. The second slave base station $BS2 provides radio

access for o fourth radio cell C4.

The first radio cell €1 adjoins or overlaps the second radio cell C2 and the
third radio cell C3. The fourth radic cell C4 adjcins or overlops the second
radio cell C2 and the first radio cell C1.
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The first master base station MBS 1 is connected to the first slave base
station SBS1 vio a first connection CON1. The second master base station
MBS2 is connected o the first slave bose station SBS1 via a second
connection CONZ, The first master base station MBS is connected fo the

second slave bose station $BS2 via o third connection CONS3,.

The connections CONT1, CONZ, and CONMN3 between the base stations
MBS, MBS2, SBS1, and SBS2 can be based on any common fransmission
technique by using for example wire based, fibre based, or radio based
links. By using wire based or fibre based links, no wireless resources are
wasted for signaling between the base stations MBS1, MBS2, SBS1, and
SBS2.

The first mobile stedion MS1 is located in the overlap area of the first radio
cell C1, the second radio csll 2, and the fourth radio cell C4 and is
therefore able to receive data from the first mosier base station MBS 1, the

first slave base station SBS1, and the secand slave bose station SB32.

As in a common radio communication system each base station MBS,

MBS2, SBS1, and SBSZ can be connected to the operation and

the base stations via remote condral.

Furthermore, the base stations MBS1, MBS2, SBS1, and SBS2 of the radio
access network RAN can be connecied as in a common radio
communication system o the network element NE. The network element NE

can be for example a dafa gateway through which all user data packets
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coming from the radio access network RAN or going to the radio access

network RAN will be transterred.

The first master base station MBS1 and the second master base station
MBSZ are master base stations of the first slave base station SBS1. Both
master base stations MBST and MBS2 control rescurces of a radio resource
allocation domain ot the first slove base station SBS1. In addition the first
master base station MBST is o master base station of the second slave base

station SBSZ and controls rescurces of s radio resource allocation demain.

Figure 2 shows schematically radio resource allocation domains of o first
downlink frame DF1, o second downlink frame DF2, and a third downlink

frame DF3 according to the present invention.

Exemplarily o frame structure of an OFDMA radio communication system
has been chosen, wherein the abscisse (x-coerdinate) represents the
sequence of symbols in time and the ordinate (y-coordinate) represents the
sequence of symbols in subchannels (in frequency} within each downlink

frame DF1, DF2, and DF3.

Alternatively frame structures of other radio communication systems like
e.g. TDMA can be used.

The first downlink frame DF1 belonging to the first slove base station 5BS1,
the second downlink frame DF2 belonging to the first master base station
MBS, and the third downlink frame DF3 belonging to the second maoster
hase station MBS2 have o same posifion according the ordinate. The same

position according the ordinale means that the downlink frames DF1, DFZ,
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and DF3 are transmitted with the same subchannels in the same frequency
bend.

The downlink frames DF1, DF2, and DF3 have also a same position 10
accarding the ordinate. This means that the downlink frames DF1, DFZ,
ond DF3 are synchronised o each other. The synchronisation can be for
example realised by transmitting the downlink frames DF1, DF2, and DF3
at the same point in time to the first maobile station MS1. Slightly different
transmit times from the base stotions MBS 1, $BS1, and MBS? o the first
mohile station MS1 can be compensated in the first mobile station MS1 by

short-fime buffering of faster downlink frames within the first mobile station

MS1 1o get synchronised downlink frames for the further data processing

within the first mobile station MS1.

The first downlink frame DF1 comprises o radio resource allocation domain
with a first part P1 having a first position POS1 according fo the abszissa

and the ordinate and with a second part P2 having a second position POS2
according to the abszissa and the ordinate, The first part P1 and the second

part P2 of the first downlink frame DF1 are disjoined.

The first and second part P1 and P2 can be described by parameters such
as position, size and form inside the first downlink frame DF1. Other
parameters are possible. The size specifies the fotal number of resources
allocated to the parts P1 and P2 and the form specifies, which symbels and
subchannels of the first downlink frame DF1 are allocated to the parts P1
and P2,
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The second downlink frame DF2 comprises the first pait P1 with the first

position POS] according fo the abszissa and the ordinate.

The third downlink frame DF3 comprises the second part P2 with the

second position POS2 according to the abszissa and the ordinate.

The first master base station MBS1 centrols the first part P1 and the second
master base station MBS2 controls the second part P2 of the radio resource
ollocation domain at the first slave base station SBS1. The controlling is
performed in such a way, that the first part P1 and the second part P2 of the

radio resource allocation domain are disjoined.

The advantage of disjoined parts PT and P2 is the avoidance of conflicts ot
the first slave base station SBS1 in cases, where both master base stations
MBST and MBS2 allocate same resources of the radio resource allocation
domain, Such conflicts would decrease the total data rofe at the first slave
base station SBS1. Furthermore, the avoidance of conflict situations also

avoids signalling messages fo overcome the conflicts.

The first part P1 of the first downlink frame DF1 can comprise first downlink
data DD1 according to a first frame layout FL1 and the second part P2 of
the first downlink frame DF1 can comprise second downlink data DD2

according to o second frame layout FL2.

The first and second frame layout FLT and FL2 comprise several or all of
the following parameters: identification of the downlink frame or the
downlink frames that the master base stotion is scheduling according to the

invention; position, size, form, and coding scheme used for the parts P1
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ond P2 inside the first downlink frame DF1; information of every MAC PDU
{MAC = media access control, PDU = protocol data unit) inside the poris
P1 and P2. The information of every MAC PDU can include - but is not
limited to - the number of byles, length, connection identitier, posifion and

reference number of the corresponding access network packet.

It is not required, that both parts P1 and P2 are filled with first and second
downlink data DD1 and DD2 in every downlink frame DF1, DF2, and DF3.

The first or second frame layout FL1 and FL2 can cover oll resources of the
first or second part P1 and P2 or only a portion of the resources.
Exemplarily, in Fig. 2 the first frame layout FL1 comprises not all resources
of the first part P whereas the second frame layout FL2 comprises all
resources of the second part P2. The allocation of symbols and subchannels
to the frame layouts FLT and FL2 can be chosen arbitrarily by the master

base stations.

The first downlink frame DF1 can further comprise third downlink data DD3
inside the first part P1 but ouside the first frame layout FL1 or inside the
second part P2 but autside the second frame layout FLZ. Radio resources
inside the parts P1, P2 but outside the frame layouts FL1, FL2 ore controlled
by the first slave base station §BSI.

By filling the third downlink dota DD3 into the first or second part P1 and
P2 radio resources of the first and second part P1 and P2 not used for the
first or second frame layout FL1 and FL2 are not wasted, which increases

the total data rate of the first slove buase station SBS1.
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The first downlink frame DF1 can further comprise fourth downlink data

DD4 outside the first part P1 and outside the second part P2, Radio
resources outside the parts P1 and P2 are controfled by the first slave base
station 5B&1.

By filling the fourth downlink data DD4 to regions of the first downlink
frame DF1 not used by the first or second part P1 and P2 radio resources of
the first downlink frame DF1 not used for the first or second frame layout
FL1 and FLZ are not wasted, which can further increase the total data rate

of the first slave base stotion SBS1,

Referring to Figure 3 o flow diagram of @ method M1 in-accordance fo o

first embodiment of the invention is shown.

In o first step M1/1 the operation and maintenance centre OMC changes
the partitioning of the radio resource allocation domain according to the
parts P1 and P2 controlled by the master base stations MBST and MBSZ2.
Instead of the operation and mainfenance centre OMC also other network
elements in the radio communication system RCS with control functions like
for example an SGSN {Serving GPRS Support Nede) or an MSC (Mobile
Switching Center) in UMTS can be used for the partitioning change of the
parts P1 and P2,

The change can be performed by determining new parameters like for
example new positions, new sizes and/or new forms of the parts P1 and P2,
The allocation of symbols and subchannels to the parts P1 and P2 can be

chosen arbiirarily by the operdlion and maintenance centre OMC with the
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requirement that the parfs P1 and P2 must be disjoined within the radio

resource aliccation domain of the downlink frames DF1, DF2, ond DF3,

In d next step M1/2 the operation and maintenance centre OMC fransmits
the new parameters of the first part P1 in o first message MES] fo the first

masier base siation MBST.

In o further step M1/3 the first master base station MBS1 odjusts the first
part P1 according to the new parameters received within the first message
MEST and controls in that way the first part P1 of the radio rescurce
allocation domain for all slave base stations assigned fo the first master

base station MBST.

In a next step M1/4 the operation and maintenance centre OMC transmils
the new parameters of the second part P2 in a second message MES2 to

the second master base station MBSZ.

Irt o further step M1/5 the second master base siation MBS2 adjusts the
sacond part P2 according to the new parameters received within the second
message MES2 and controls in that way the second part P2 of the radio
resource allocation domain for all slave base stations assigned to the

second master base station MBS2.

The sequence and the number of the steps for performing the method M1 is
not critical, and as can be understood by those skilled in the art, that the
sequence and the number of the steps may vary without departing from the

scope of the invention.
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The advantage of the defermination of the parameters of the first part PJ
and the second part P2 by the operation and maintenance centre OMC i
predefined time infervals is the possibility to adapt the first part P1 and the
second part P2 to the amount of the data traffic transmitted via the first
master base station MBS1 and the second master base station MBS2 for

longer time scale, e.g. for a farge number of downlink frames.

The determination of the parameters of the first part P1 and the second part
P2 can be also done by other network procedures not using edditional
supervising network elements like the operation and maintenance cenire
OMC. Ancther possibility is for example the change of the parameters by
the master base stations MBST and MBS2 #self,

Referring to Figure 4 a flow diogram of a method M2 in accordance to ¢

second embodiment of the invention is shown.

In a first step M2/1 the first master base station MBST wanis fo change the
parameters of the first part P1. The reason for the change con be o change
in the data traffic via the first master base station MBS within o short time

frame,

In o next step M2/2 the first master base station MBS fransmits a request
within o third message MES3 o the second master base station MBS2 to

coordinate the change of the first part P1.

In a further step M2/3 the second master base station MBS2 verifies, if the

firsi part P1, described by the new parameters do not overlap and is
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disjoined with the second part P2 currently controlled by the second master

bagse station MBS2,

[n o next step M2/4 the second moster base stotion MBS2 can accept the
can change the parameters of the second part P2 according to the new first
part P1 with the requirement that the first part P1 and the second part P2

must be disjoined.

In o further step M2/5 the second master base station MBSZ transmits an
answer within a fourth message MES4 to the first master base station MB31.
The answer can contain for example an acknowledgement for the new first
part P1 or new parameters of the first part P1 determined by the second

master base station MBS2.

In a next step M2/6 the first master base stationn MBS 1 verifies the answer of

the second master base station MBS2.

Depending on the result of the verification, in a further step M2/7 the first
master base station MBST conirols the first part P1 as requesied, # conirols
the first part P1 as changed by the second maoster base siotions MBS2 or it

can send a new request 1o the second master base siation MBS2.

It is self-evident that the method M2 can also start and end at'the second

master base station MBS2. Furthermore, the sequence and the number of

the steps for performing the method M2 is not critical, and as can be
understoad by those skilled in the art, that the sequence and the number of

the steps muay vary without departing from the scope of the invention.



Ly

10

20

WO 2010/052062 PCT/EP2009/062247

16

The advantage of the determination of parameters of the first part #1 and
the second part P2 by the master base stations MBS1, MBS2 #self ot
predefined time infervals is the possibility to adapt the first part P1 and the
second part P2 to the amount of the current data traffic transmitted vio the
first master base station MBS1 and the second master base station MBS2

for a shorter fime scale, e.g. for only o small number of downlink frames.

It is also possible that the parameters of the first part P1 and the second
part P2 can be determined by self-configuration and self-optimisation
mechanisms performed at the master base stations MBST and MBS2, In that
way the parls P1 and P2 can be changed without the use of any signaling

massages,

The basic idea of the invention with at least two controlled and disjoint parts
P1 and P2 can be used for different application scenarios. Some of the

applications are described in more detail in the following.

Relerring to Figure 5 u flow diagram of a method M3 in accordance o o

first application of the invention is shown,

In a first step M3/1 the first master base station MBS1 receives first downlink

data DD via o backbone of the radio communication system RCS.

in o further step M3/2 the first master base station MBS1 schedules the first
downlink data DD1 1o the first part P1 of the second downlink frame DFZ.
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In o next step M3/3 the first master base station MBS 1 fransmits the second
downlink frame DF2 with the first downlink data DD to the first mobile
station MS1,

in o next step M3/4 the first master bose station MBS1 receives additional
first downlink dota DD _1 via the backbone of the radio communication

systerm RCS.

In o further step M3/5 the first master base station MBS1 starts o handover
for the first mobile station M51. A handover is usually executed it a mobile
station is at the border of a radio cell and a neighbour base station is more

suitable to exchange user data with the mobile station.

in a next step M3/6 the first master base station MBS1 determines the first
frame layout FL1 for the additional first downlink data DD1_1 mapping inte

the first part P1 of the radio resource allocation domain,
in a further step M3/7 the first moster base station MBST transmits the first
frame layout FL1 in o fifth message MESS to the first slave base station

SBS1.

in a next step M3/8 the first master base station MBS1 forwards the

additional first downlink data DD1_1 to the first slave base station SBS1,

In o further step M3/9 the first slave base siation SBS1 schedules the
additional first downlink data DD1 1 fo the first part P1 of the first downlink

frame DF1 according fo the first frome layout FL1.
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In a next step M3/10 the first slave base station SBST transmits the first
downlink frame DF1 with the additional first downlink dota DD1_1 to the
first mobile station MST.

The sequence and the number of the steps for performing the method M3 is
not critical, and as can be understood by those skilled in the art, thot the
sequence and the number of the steps may vary without departing from the

scope-of the invention.

The method M3 can be used for a hard handover from the first master base
station MBS1 to the first slave base station SBS1, if the first mobile station
MST1 moves within the radio access network RAN. A hard handover is o
process, wherein the first mobile station MS1 uses of a first time before the
hard handover only o radio link 1o the first master base station MBST to
receive or transmit user dota. At a second fime during the hard handover
the first mobile station MST release the radio link to the first master base
station MBS1 and then builds up o new radic link fo the first slave base

station SBST to further on receive or transmit user dato.

The moin advaniage of the method M3 is the possibility to control the point
in time by the first master base station MBS1, when the first slave base
station SBS1 starts transmission of the additional first downlink data BD1_1
to the first mobile station MS1. In that way, the transmission break for the
user deda can be minimised and especially real-time services will not suffer

a large interruption of the packet sequence.

in case of o handover procedure in an overlap area between two radio cells

it is alse possible o bicast a downlink dataflow via two base stations o a
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mobile station. In that case, the radio link between the first master base

stetion MBST and the first mobile station MS1 is not released until the

handover is finished. This is similar to the soft handover procedure used in
UMTS (UMTS = universal mobile telecommunication system} with same

downlink datoflows spread over different base stations by macro diversity.

The method M3 can be extended by transmitting the first frame layout FL1
and the additional first downlink data DD1_1 via multicast from the first
master base station MBST to the first slave base station SBST and the
second slave base station SBSZ if it cannot be foreseen o which slave base
station the first mobile station MS1 will move. In that way, o longer

transmission break for the user data can be avoided.

Referring to Figure & a flow diagram of o method M4 in accordance to o
further application of the invention is shown. In addition to the steps M3/1,
M3/6, M3/7, M3/9, and M3/10 performed in the first application of the
invention, in the further application of the invention following step M4/1 is
performed prior to the step M3/8, step M4/2 is performed after the step
M3/6 and step M4/3 is performed ot the same time as the step M3/9.

In comparison to the method M3, in the method M4 the first slave bose
station SBS1 doss not receive the first downlink data DD via the first
master base station MBS1 but it receives in a further step M4/1 o copy of

the first downlink data BD 1 from the network element NE.

In o next step M4/2 the first master buse station MBS1 schedules the first
downlink dota DD1 to the first port P1 of the second downlink frame DF2

gecording to the first frame layout FLT, In that way, the first part P1 is
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located in identical regions of the first downlink frame DFT and the second

downlink frame DF2.

in a further step M4/3 the first master bose station MBST transmits the
second downlink frame DF2 to the first mobils station MS1 synchronized
with the first downlink frame DF1, which is transmitted by the first slave

base station SBS1 at a first predefined time.

The sequence and the number of the steps for performing the method M4 is
not critical, and as can be understood by those skilled inthe art, that the
sequence and the number of the steps may vary without departing from the

scope of the invention.

By using such o multicast transmission from the first moster base station
MBS1 and the first slave base station SBS1 to the first mobile station MS1
the first mobile station MST will receive the first downlink daja DD with
fewer transmission errors in comparison to the use of a single radio link
from one base station to the mobile station. In case of the muliicast
transmission with fransmission paths which are different in the space, the
averall data rafe of the fransmission to the first mobile station MST is less
sensitive to single fading or shadowing effects in comparison to the cose of
a single radio link with o higher probability for transmission errors caused
by fading or shadowing effects. Therefore the multicast transmission can
increase the averall data rate from the radio access network RAN to the first

miobile station MS1,

Currently, OFDMA fransmission technique is offen combined with MIMGQ

ransmission fechnique or MISQ fransmission fechnigue (MISQ = multiple
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input single output) to increase the throughput of radic communication
systems without the use of additional frequency spectrum. In addition a
multiple anteénna system can be spread over several base siations for o

cellaborative MIMO or MISO transmission scheme,

Therefore, in an alternative application of the invention, both the first
downlink frame DF1 and the second downlink frame DF2 are transmitted in
a collaborative MIMO mode or in o collaborative MISO mode to the first
mobile station MS1. By using the invention in combination with
colluborative MIMO the transmission efficiency of a MIMO channel can be

turther improved.

In a specific collaborative MIMO domain, which is controlled by a specific
moster base station, user data or signaling dota can be distributed to all
mobile stations located in the specific collaborative MIMO domain. In such
@ case the specific master base station can transmit in a further ohernative
application of the invention the frame layout in o multicast way fo all slave

bose stations belonging to the spacific colloborative MIMO domain.

The advantage of such o multicast transmission is the saving of resources
e.g. on the connections CONT and CONS from the first master base
station MBS to the first and second slave base station SBS1 and SBSZ.
Ostherwise, two signaling messages with identical payload must be sent
from the first master base station MBS fo the first and second slave base
station SBST and SBS2.

Depended on the arrangement of radio cells within o radio access network

and depended of the aflocation of master and slove functions {o the bose
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stotions of the rodiv uccess network necording to the invention a mobile
station can be located within the overlap ares of a slave base station and
two master base stations. In such a constellation, the invention can be used
to send the first downlink frame DF1 with the first downlink data DD1T and
the second downlink data DD2 from the first slave base station SBST, the
second downlink frame DFZ with the first downlink data DD from the first
master base station MBS1, and the third downlink frame DF3 with the
second downlink data DD2 from the second master base station MBS2

synchronized o} o second predefined time to the first mobile station MST,

This procedure provides the advaniage, that the first mobile station MST is
able fo receive the first downlink data DD1 and the second downlink data
D02 for two adjacent colluborative MIMG domains by a single downlink
frame DF1 simultaneously without a data conflict and can also receive the
first downlink data DD1 in the second downlink frame DF2 and the second
downlink data DD2 in the third downlink frame DF3 af the same time to

improve the data constancy.

Referring to Figure 7 an example for the arrangement of radio cells of the
radio access network RAN and the allocation of master and slave functions
is shown for the special cuse of a hexagongl radio cell grid, The basic
structure of the arrangement and allocation of master and slave functions is
that the radio cells of the first and second master base station MBST and
MBS2 and o radio cell of a third master base station MBS3 is surrounded by
up 1o six radio cells belonging to different slave base stations. In particular
at the border of the radio access network RAN a master bose station can be

surrcunded by less than six neighbor slave base stations.
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A first group of base stations of o first collaborative MIMO domain CMD1
comprises following base stations: the first master base station MBS1, the
first slave base stotion SBS1, the second slave bose station 8BS2, an eighth
slave base station SBS8, a sixth slave base station SBSS, a seventh slave

base station SBS7, and a third slave bose station SBS3.

A second group of base stations of a second collabordative MIMO domain
CMD2 comprises following base stations: the second master base station
MBSZ, the first slave base station SBS1, a fourth slave base station SB34, an
eleventh slave base station SBS11, a fitleenth slave buse station SBS15, o

fourteenth slave base station SBS14, and «a fitth slave base station SBSS.

A third group of base stations of a third colloborotive MIMO domain CMD3
comprises following base stations: the third master base station MBS3, the
second slave base station SBS2, the fifth slave base station SBS5,
thirteenth slave base station $B313, o twelfth slave hase station SBS12,

tenth slave base station SBS10, and a ninth slave base station 5859.

Each radio cell of each slave base station is surrounded by up fo four radio
cells belonging other slave base stotions and up to two radio cells
belonging to master base stations. In particular ot the border of the radio
access network RAN a slave base station con be surrounded by less than

four neighbor slave base stotions and less than two master base stations.

According to the first slave base station SBS1, the two radio cells belonging
to the first and the second master base station MBST and MBS2 are located

at opposite sites of the radio cell of the first slave base station 5851,
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By using such an orrangement of three collaborative MIMO domains
CMD1, CMDZ, and CMD3 and repaatedly placing it throughout the rodio
access network RAN oll radio cells of the radio access network RAN are
allocoted to one of the three collaborative MIMO domains CTMD1, CMD2,
ard CMD3,

All downlink frames used in the radio access network RAN with three
different collaborative MIMQ domains CMD1, CMD2, and CMD3 are split
in the first part P1 for the first collaborative MIMO domain CMD1, the
second part P2 for the second collaborative MIMO domain CMD2, and «
third part P3 for the third collaborative MIMO domain CMD3.

If o mobile station is located af a fiest Jocation LOCT the first downlink
frame DF] of the first slave bose station SBST comprises the two parts P1
and PZ according to the first and the second master base station MBS1 and
MBS2.

If o mobile station is located at o second location LOC?2 a fourth downlink
frame of the fifth slove base station SBSS comprises the fwo parts P2 and P3
according to the second and the third master base station MBS2 and MBS3.

I o mobile siation is located at a second focation LOCS o fifth downlink
frame of the second slave base station SBS2 comprises lhe two parts P1 and

P3 accarding to the first ond the third master base stalion MBS 1 and MBSS.

i o mohile station is located ot a fourth location LOC4 a sixth downlink
frame of the fourth slave base station SBS4 comprises the two parts P2 and

P3 according to the second master base station MBS2 and o fourth master
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base station MBS4. This is equal to the fourth downlink frame for the

sacond location LOC?2,

The third moster base siation MBS3 and the fourth master base station
MB34 both controlling the third part P3 in different groups of base stations
aceording to the third collaborative MIMO domgain CMD3 con control the
third part P3 in a uniform manner. This means thot the third part P3 is given
by the same parameters for e.g. position, size, and form within a downlink
frame. It is also possible, that the third part P3 conirolled by the third
master base station MBS3 and the fourth master base station MB34 control
the third part P3 in a different manner but both with the requirement that
the third part P3 must be disjoined fo the second part P2 being controlled

by the second master base station MBSZ.

Rasidual resources of the resource allocation domain, not used by the pars
P1, P2, and P3 can be used for mobile siations, which do not use ¢
collaborative MIMO fransmission, e.g. for mobile stations located near a

base stafion.

The invention can be used for any radio cell grid arrangement and is not
restricted to the use of three collaborative MIMO domains CMDT, CMD2Z,
and CMD3 and their repeated allocation to groups of base stations. This
means for example that it is also possible that a slave base station can have
more than twa neighbor radio cells belonging to different master base
stations or the radic access network RAN is split into four or more
repeatedly allocated collaborative MIMO domains, This means also that o

downlink frame can be split into more than three parts.
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CLAIMS

. A method for use in a radio communication systern (RCS), said radio

communication system (RCS} comprising at least three base stations
{SBST, MBS1, MBS2), a first one (SBS1) of said at least three base
stations (SBS1, MBS1, MBS2} hereinafter called first slove base station, o
second one (MBS} of said af least three base stations (MBS, MBSZ,
SBS 1) hereinafter colled first master base-station, and a third one
(MBS2} of said at least three base siations (SBST, MB31, MB32)
hareinafter called second master base station,

said method comprising the step of controlling a first part {P1) of a radio
resource allocation domain at said first slave base station (3851) by said
first moster base station (MB31),

characterized by said method further comprises the step of controlling
at least o second part (P2} of said radio resource allocation domain at
soid first slave base station {SBS1) by said second master base station
(MB52},

and wherein said first part (P1) and said at least second part (P2} of said

radio resource allecation domain are disjoined.

2. The method according to claim 1, wherein soid radio communication

systern (RCS) is on OFDMA radio communication system.

The method according to claim 1, said method further comprises the
steps of:
- changing o first size and a first location of one of soid parts (P1, PZ) ot

predefined fime infervals.
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The method according to claim 3, said radio communication system
(RCS) further comprises an operation and maintenance centre {OMC),
said method further comprises the steps of:

- determining said first size and said first locotion of soid part (P1, P2)
by said operation and maintenance centre (OMC),

- and transmitting said first size and said first location of said part (P1,
P2} from suid operation and maintenance centre (OMC) to the

corresponding master base station (MBS1, MBS2).

The method according to claim 3, said method further comprises the
step of coordinating said first size and said first location of said first part
{P1} and a second size and a second location of said at least second
part (P2) between said first master base station (MBS1) and said second
master base station {(MBS2).

The method according fo claim 1, said radio communication system
(RCS) further comprises at least ane mobile station (MS81), o first
downlink frame {DF1) comprises said radio resource ollocation domain
with soid first part (P1) and said at least second part {P2), said method
further comprises the steps of:

- receiving downlink data (DD1, DD1_1, DD2) ot one of said muaster
base stations {MBS1, MBSZ},

- determining o frame layout (FLT, FL2) for said downlink data (DD1,
DD1 1, DD2) mopping into one of said parts (P1, P2) of said one of
said master base stations (MBS, MBS2},

- transmitting said frame layout (FL1, FL2) from soid one of said master
base stations (MBS1, MBS2) fo said first slave base station {SBS1),

- receiving said downlink date {DD1, DDI_1, DD2) at said slave hase
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station (SBST},

- scheduling said downfink data {DD1, DD1_1, DD2) 1o one of said
parts (P1, P2) of o first downlink frame {DF1) according to said frame
layout (FL1, FL2) ot said first slave base station (3B31),

-~ and transmitiing said first downlink frame (DF1) from said first slove

base station (SBS1) o said of least one mabile station (MS1).

The method according to claim 6, said method is used for o hard
handover from said one of said master base stations (MBS1, MBS2) to

said first slave base station (SBS1}.

The method according 1o claim 6, wherein said frame layout (FL1, FL2}
is o subpart of said part {P1, P2) and said method further comprises the
step of controlling radio resources of said part (P1, P2) outside said

frame layout {FL1, FL2) by soid first slave base station {SBS1}.

The methed according to claim 6, said radio communication system
(RCS) further comprises of least o second slave base station (SBS2),
whersin said framie layout (FL1, FL2) is transmitted from said one of
said master base stations (MBS1, MBS2} by a multicast fransmission fo
said first stave base station {SBS1) and to said of least second slave
base station {SBS2).

The method according to claim 6, said method is used for o multicast
transmission fram ot least two base stofions (SBST1, MBST, MB32) to
said at least one mobile station (MS1), said method further comprises
the steps of:

~ scheduling said downlink data (DD1, BD2) to one of said parts {(P1,
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P2} of a second downlink frame (DF2, DF3) according to said frame.
layaut (FL1, FL2) ot soid one of said master base stations (MBS1,
MBS2S,

- und fransmitting said second downlink frame (DF2, DF3) from said
one of said master base stations (MBS1, MBS2) 1o said of least one

mobile station (MS1),

whersin said part {P1, P2} is located in identical regions of said first

downlink frame (DF1) and said second downlink frame {DF2, DF3} and
whersin said first downlink frame {DF1) and said second downlink

frame (DF2Z, DF3) ore fransmitted synchrenized at o predefined time.

The method according fo caim 10, wherein ot least one of said master
buse siations (MBS1, MBS2) and said first stave base station {SBS1)
transmit to said at least one mobile station (MS1) in a collaborative
MIMO mode or a collaborative MISO mode.

A radic communication system (RCS) comprising af least three base
stations {SBST, MBS1, MBS2), o first one (SBS1) of said of least three
bose stations {S8S1, MBS1, MBS32) hereinafter called first slave base
station, a second one (MBS1) of said ot least three base stations (SBST,
MBS1, MBSZ2) hereinafter called first master base stotion, and o third
one {MBS2) of said ot feast three base stations (SBS1, MBS1, MBS2}
hereinafier colled second measter base station, said radio
communication system (RCS) comprising means for controlling a first
part (P1) of o radio resource ollocation domain at said first slave base
station {SBS1} by said first master base station (MBS1},
characterized by suid radio communication system (RCS) further

comprises means for controlling of least o second part (F2) of said
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radio resource allocation domain ot said first slave base station (S851)
by said second master bose station (MBS2),
and wherein said first part {P1) and said at least second port (F2) of

said radio resource allocation domain are disjoined.

The radio communication system (RCS) according fo claim. 13, wherein
a first radio cell {C1) of said first slave base station (SBS1) adjoins o
second radio cell {C2) of said first master base station MBS1) and «
third rodio cell (C3) of suid second master base station {(MBS52).

The radio communication system (RCS) according to claim 13, said
radio communication system (RCS) comprises:

- means for receiving downlink data (DD1, DD1_1, DD2) at one of said
master base stations (MBS1, MBS2),

- means for determining @ frame layout {FL1, FL2) for said downlink
data (DD1, DD1_1, DD2) mapping into one of said parts (P1, P2} at
said one of said master base stations (MBS, MBS§Z),

- and means for transmitting said frame loyout [FL1, FL2) via o fibre
based or wire based connection {CON1, CON2) from said one of said
master base stations {MBS1, MBS2) to said first slave base station
(SBS1).

. A base station [MBS1, MB52), said base station [MBST, MBS2)

comprising means for controlling o first part (P1) of a radioc resource
allocation domain,

characterized in that said bose siction (MBS, MBS2) turther
comprises:

- mesans for receiving o request for coordinating said first part (P1} and
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at least o second part (P2) of said radio resource allocation domain,
- means for processing said request according o a requirament that
said first part (P1) and said ot least second part (P2) of said radio
resource allocation domain are disjoined,

- and means for transmitting o result of said processing.
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