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(57) ABSTRACT 

A communication system provides, via a single, serving 
Node B. Scheduling information required by a user equip 
ment (UE) to determine a start time for each Node B of 
multiple Node Bs with respect to a multicast, by each Node 
B of the multiple Node Bs, of soft combinable MBMS data. 
The UE may then use the scheduling information to syn 
chronize a soft combining of the MBMS data received by the 
UE via each of the multiple Node Bs, even when the 
multicasts via the multiple Node Bs are not synchronized. 
However, while the multicasts of frames of data associated 
with an MBMS service by different Node Bs need not be 
synchronized, synchronized multicasts are preferable for 
Soft combining. Therefore, the communication system fur 
ther provides for a synchronization by a network controller 
of the multicasts of the soft combinable MBMS data by the 
multiple Node Bs. 
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206 
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STORING, BY THE SUBSCRIBEDUE, THE RECEIVED DATA 

DETERMINING, BY THE SUBSCRIBEDUE, THAT THE UE HAS RECEIVED 216 
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SERVICE TO A USEREQUIPMENT (UE) VIA EACH NODE B 

OF MULTIPLE NODE Bs 
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CONVEYING TO THE UE SCHEDULING INFORMATION 

FOREACH NODE B OF THE MULTIPLE NODE Bs 
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SYNCHRONIZING, BY THE UE AND BASED ON THE DETERMINED 312 
STARTS OF THE SOFT COMBINING PERIODS FOR THE MULTIPLE 
NODEBs, THE DATA RECEIVED FROM THE MULTIPLE NODEBs 
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A SERVING NODE B OF THE MULTIPLE NODE Bs, SCHEDULING INFORMATION 506 

FOR A PROVISION OF THE MBMS SERVICE BY THE SERVING NODE B 

conveyING FRAMEs of MBMs DATA AssociaTED witH THEMBMs SERVICE 
TO THE UE VIA EACH NODE B OF THE MULTIPLE NODEBs 

RECEIVING, BY THE UE FROM EACH NODE B OF THE MULTIPLE NODEBs, 510 
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DETERMINING, BY THE RAN, ACORRECT START TIME/FRAME 512 
FOREACH NEIGHBOR NODE B OF THE MULITPLE NODE Bs 

DETERMINING, BY THE RAN FOREACH NEIGHBOR NODEB, A NEIGHBOR 
CELL START INDICATION (NCSI) THAT IDENTIFIES A START TIME/FRAME 

FOR A PROVSION OF THE MBSMS SERVICE BY THAT NODE B 

coNVEYING, BY THE RAN To THE UE, THENCsIs DETERMINED 
FOREACH NEIGHBOR NODE B 

S18 
RECEIVING, BY THE UE, THENCSIs CONVEYED BY THE RAN 

DETERMINING, BY THE UE, ONE ORMORE POTENTIAL START TIMES/FRAMES 520 
FOREACH NEIGHBOR NODEB OF THE MULTIPLE NODEBs TO PRODUCE 

ONE ORMORE POTENTIAL START TIMES/FRAMES FOREACH NEIGHBOR NODEB 

S4 

DETERMINING, BY THE UE AND IN ASSOCATION WITH EACH OF THE ONE OR MORE 
POTENTIAL START TIMES DETERMINED BY THE UE FOREACH NEIGHBOR NODEB, 

AN NCSI TO PRODUCE ONE OR MORE NCSIs FOREACH NEIGHBOR NODEB, WHEREIN EACH 
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Node B 123 Lulu Lillilulu L -> 
8 (1) 16(2) 24(3) 32(0) 40(1) 48(2) 56(3) 

Node B 120 Lillili fillilill 
96(O) 104(1) 12(2) 120(3) 1280) 136(1) 

Node B 26 illilill illilill ill. 
2001) 208(2) i6(3) 2240) 32(1) 24002) 248(3) 

Each potential soft-combining time is designate M(N), wherein M is the CFN and 
N is the Neighbor cell start indication, (CFN Start(i) / (Max TTI Size}) mod 4 

Thick lines indicate potential soft-combining start times; 
A normal line indicates the frame start; 
An arrow indicates a soft combining period start time. 
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METHOD AND APPARATUS FORSCHEDULING 
AND SYNCHRONIZING AMULTIMEDIA 
BROADCAST/MULTICAST SERVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority from provisional 
application Ser. No. 60/641,503, entitled “METHOD AND 
APPARATUS FORSCHEDULING AND SYNCHRONIZ 
ING AMULTIMEDIA BROADCAST/MULTICAST SER 
VICE, filed Jan. 5, 2005, which is commonly owned and 
incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to wireless 
packet data communication systems, and, in particular, to 
scheduling and synchronization of a multimedia broadcast/ 
multicast service in a packet data communication system. 

BACKGROUND OF THE INVENTION 

0003) The Universal Mobile Telecommunication Service 
(UMTS) standard provides a compatibility standard for 
cellular mobile telecommunications systems. The UMTS 
standard ensures that user equipment (UES) operating in a 
UMTS system can obtain communication services when 
operating in a system manufactured according to the stan 
dard. To ensure compatibility, radio system parameters and 
data transfer procedures are specified by the standard, 
including protocols governing digital control messages and 
bearer traffic that are exchanged over an air interface. 
0004) The UMTS standards provide, in 3GPP TS 25.344 
(Third Generation Partnership Project Technical Specifica 
tion 25.344) v0.5.0, 3GPP TS 23.246 v1.1.0, 3GPP TS 
23.846 v6.1.0, 3GPP TS 25.331 v5.6.0, and 3GPP TS 25.346 
v6.3.0, for a provision of a Multimedia Broadcast/Multicast 
Service (an MBMS service) by a UMTS communication 
system to UEs serviced by the system and subscribed to the 
service. The MBMS service provides for a multicast of 
MBMS data, typically in a format of Internet Protocol (IP) 
data packets, to the subscribed UEs. In order to ensure that 
the air interface resources of the UMTS communication 
system are not wasted, the system first estimates the number 
of recipients, that is subscribed UEs, in a cell providing 
MBMS data. Based on the estimated number of recipients, 
a Radio Network Controller (RNC) included in a UMTS 
infrastructure determines whether to establish a Point-To 
Multipoint (PTM) communication channel in the cell or a 
Point-To-Point (PTP) communication channel to each 
recipient. 

0005) When the RNC determines to establish a PTM 
communication channel in each of multiple cells, that is, at 
each of multiple corresponding Node Bs, the RNC may then 
multicast the MBMS data via a Forward Access Channel 
(FACH) of each cell, which FACH is mapped to a Secondary 
Common Control Physical Channel (S-CCPCH) of the cell. 
A UE receiving a same MBMS data stream via the 
S-CCPCH of each of the multiple Node Bs may then 
combine the data streams. By combining a data stream 
received from each of multiple Node Bs, significant system 
gain may be obtained. However, in order to obtain the 
benefits of soft combining, the UE must be able to synchro 
nize the MBMS data received by the UE via each Node B 
of the multiple Node Bs. 
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0006 Therefore, a need exists for a method and apparatus 
that permits a UE to synchronize MBMS data received by 
the UE via each Node B of multiple Node Bs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is a block diagram of a wireless commu 
nication system in accordance with an embodiment of the 
present invention. 
0008 FIG. 2 is a logic flow diagram of an exemplary soft 
combining executed by the user equipment of FIG. 1 in 
accordance with an embodiment of the present invention. 
0009 FIG. 3 is a logic flow diagram of a method by 
which the communication system of FIG. 1 provides sched 
uling information to the user equipment of FIG. 1 in 
accordance with various embodiments of the present inven 
tion. 

0010 FIG. 4 is an exemplary timing diagram of frame 
flows associated with each of multiple Node Bs in accor 
dance with an embodiment of the present invention. 
0011 FIG. 5 is a logic flow diagram of a method 
executed by the communication system of FIG. 1 to deter 
mine soft combining start period times associated with each 
of multiple Node Bs or associated coverage areas or down 
links in accordance with an embodiment of the present 
invention. 

0012 FIG. 6 is an exemplary timing diagram illustrating 
a detection of a soft combining start time for each of 
multiple Node Bs or associated coverage areas or downlinks 
in accordance with an embodiment of the present invention. 
0013 FIG. 7 is an exemplary timing diagram that illus 
trates a method by which the network controller of FIG. 1 
may synchronize multiple Node BS in accordance with an 
embodiment of the present invention. 
0014 FIG. 8 is a logic flow diagram of a method 
executed by the network controller of FIG. 1 to synchronize 
multiple Node Bs in accordance with an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0015 To address the need for a method and an apparatus 
that permits a UE to synchronize MBMS data received by 
the UE via each Node B of multiple Node Bs, a communi 
cation system provides for a provision, via a single, serving 
Node B, of all scheduling information required by a user 
equipment (UE) to determine a start time for all other Node 
Bs of multiple Node Bs with respect to a multicast, by each 
Node B of the multiple Node Bs, of soft combinable MBMS 
data. The UE may then use the scheduling information to 
synchronize a soft combining of the MBMS data received by 
the UE via each of the multiple Node Bs, even when the 
multicasts via the multiple Node Bs are not synchronized. 
However, while the multicasts of frames of data associated 
with an MBMS service by different Node Bs need not be 
synchronized, synchronized multicasts are preferable for 
Soft combining. Therefore, the communication system fur 
ther provides for a synchronization by a network controller 
of the multicasts of the soft combinable MBMS data by the 
multiple Node Bs. 
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0016 Generally, an embodiment of the present invention 
encompasses a method for providing scheduling information 
associated with a Multimedia Broadcast/Multicast Service 
(MBMS service). The method includes setting up a multicast 
of the MBMS service at each Node B of a plurality of Node 
Bs and conveying scheduling information for each Node B 
of the plurality of Node Bs to a user equipment via a single 
Node B of the of the plurality of Node Bs. 
0017 Another embodiment of the present invention 
encompasses a method for providing scheduling information 
associated with a Multimedia Broadcast/Multicast Service 
(MBMS service). The method includes setting up a multicast 
of the MBMS service at each Node B of a plurality of Node 
Bs, wherein the plurality of Node Bs comprise a serving 
Node B and a neighbor Node B, determining a start time for 
the neighbor Node B, determining, in association with the 
start time, an indicator that identifies a specific time as a start 
time for a multicast of the MBMS service by the neighbor 
Node B, conveying a Transmission Time Interval (TTI) size 
of a transmission that may be soft combined to a user 
equipment via the serving Node B, and conveying the 
indicator to a user equipment via the serving Node B. 
0018 Still another embodiment of the present invention 
encompasses a method for determining a start time for a 
multicast of a Multimedia Broadcast/Multicast Service 
(MBMS service). The method includes receiving, via a 
serving Node B, an indicator that identifies a specific time as 
a start time for a multicast of the MBMS service by a 
neighbor Node B and a Transmission Time Interval (TTI) 
size and determining a start time and a TTI size for the 
neighbor Node B based on the received indicator and the 
TTI size. 

0019. Yet another embodiment of the present invention 
encompasses a network controller that that provides Sched 
uling information associated with a Multimedia Broadcast/ 
Multicast Service (MBMS service). The network controller 
is configured to set up a multicast of the MBMS service at 
each Node B of a plurality of Node Bs and convey sched 
uling information for each Node B of the plurality of Node 
Bs to a user equipment via a single Node B of the of the 
plurality of Node Bs. 
0020 Still another embodiment of the present invention 
encompasses a network controller that provides scheduling 
information associated with a Multimedia Broadcast/Multi 
cast Service (MBMS service). The network controller is 
configured to set up a multicast of the MBMS service at each 
Node B of a plurality of Node Bs, wherein the plurality of 
Node Bs comprise a serving Node B and a neighbor Node 
B, determine a start time for the neighbor Node B, deter 
mine, in association with the start time, a start time indicator, 
wherein the start time indicator corresponds to the starting 
frame, convey a TTI size of a transmission that may be soft 
combined to a user equipment via the serving Node B, and 
convey the start time indicator to the user equipment via the 
serving Node B. 
0021. Yet another embodiment of the present invention 
encompasses a user equipment (UE) that operates in a 
wireless communication system wherein a Multimedia 
Broadcast/Multicast Service (MBMS service) is delivered 
by multicast via each Node B of a plurality of Node Bs and 
wherein the plurality of Node Bs comprise a serving Node 
B and a neighbor Node B. The user equipment determines a 
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start time of the multicast by the neighbor Node B and is 
configured to determine, in association with a potential start 
time of an Multimedia Broadcast/Multicast Service 
(MBMS) transmission by the neighbor Node B, a start time 
indicator, receive a start time indicator that corresponds to a 
start time for the neighbor Node B, and determine a start 
time for the neighbor Node B based on the start time 
indicator determined by the UE and the start time indicator 
received by the UE. 
0022. The present invention may be more fully described 
with reference to FIGS. 1-8. FIG. 1 is a block diagram of 
a wireless communication system 100 in accordance with an 
embodiment of the present invention. Communication sys 
tem 100 includes multiple Node Bs, 120, 123, and 126 (three 
shown). Each Node B 120, 123, 126 is operably coupled to 
a network controller 130, preferably a Radio Network Con 
troller (RNC); however, in another embodiment of the 
present invention, one or more of Node Bs 120, 123, 126 
may be coupled to a different network controller, wherein 
each such network controller is coupled to the other network 
controllers. When one or more of Node BS 120,123, and 126 
is coupled to a different network controller than the other 
Node Bs, the references herein to network controller 130 
may be deemed to collectively refer to all such network 
controllers, as the functions described herein may be dis 
tributed among such network controllers. Each Node B 120, 
123, 126 provides wireless communication services to a 
corresponding coverage area, such as cell or a sector of a 
cell, via a respective air interface 110, 113, and 116. 
Together, the multiple Node Bs 120, 123, 126 and network 
controller 130 are collectively referred to herein as a Radio 
Access Network (RAN) 140. 
0023. Each air interface 110, 113, 116 comprises a 
respective downlink (DL) 112, 115, 118 having multiple 
downlink logical and transport channels, including at least 
one broadcast channel, at least one traffic channel, and at 
least one control channel, that may be mapped to one or 
more of multiple downlink physical channels, including at 
least one common control channel, at least one dedicated 
channel, and at least one pilot channel. Each air interface 
110, 113, 116 further comprises a respective uplink (UL) 
111, 114, 117 having multiple uplink logical and transport 
channels, including an access channel, at least one traffic 
channel, and at least one control channel, that may be 
mapped to one or more of multiple uplink physical channels. 

0024 Communication system 100 further includes at 
least one user equipment (UE) 102 (one shown), such as but 
not limited to a cellular telephone, a radio telephone, a 
personal digital assistant (PDA) with radio frequency (RF) 
capabilities, or a wireless modem that provides RF access to 
digital terminal equipment (DTE) Such as a laptop computer. 
UE 102 resides in a coverage area serviced by a serving 
Node B, that is, Node B 123, of the multiple Node Bs. UE 
102 may soft combine MBMS transmissions from one or 
more neighbor Node Bs in addition to serving Node B 123, 
such as one or more of Node Bs 120 and 126. 

0025 UE 102 subscribes to, and is capable of receiving 
and displaying audio, video, and/or data associated with, a 
Multimedia Broadcast/Multicast Service (an MBMS ser 
vice) provided by communication system 100, which service 
provides for a distribution of MBMS data to the UE. MBMS 
Services are described in detail in the 3GPP TS 25.344 
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(Third Generation Partnership Project Technical Specifica 
tion 25.344) v0.5.0, 3GPP TS 23.246 v1.1.0, 3GPP TS 
23.846 v6.1.0, 3GPP TS 25.331 v5.6.0, and 3GPP TS 25.346 
v6.3.0, which specifications and reports are hereby incor 
porated by reference herein and copies of which may be 
obtained from the 3GPP via the Internet or from the 3GPP 
Organization Partners' Publications Offices at Mobile Com 
petence Centre 650, route des Lucioles, 06921 Sophia 
Antipolis Cedex, France. 

0026 Communication system 100 further includes a Sup 
port Node 150 coupled to network controller 130. Support 
Node 150 typically includes one or more Serving GPRS 
Support Nodes (SGSNs) that are each coupled to one or 
more Gateway GPRS Support Nodes (GGSNs). However, 
the precise architecture of Support Node 150 is up to an 
operator of communication system 100 and is not critical to 
the present invention. Although not shown, communication 
system 100 may further include other well-known network 
elements, such as a Broadcast Multicast Service Center 
(BM-SC) or a Gateway. 

0027 Communication system 100 further includes an 
MBMS content provider 154, such as an IP multicast server, 
that is coupled to support node 150 via a data network 152, 
such as an IP network. As part of an MBMS service provided 
by communication system 100 and subscribed to by UE 102. 
MBMS content provider 154 sources MBMS data, typically 
in the form of IP data packets, to subscribed UE 102 via 
support node 150, controller 130, serving Node B 123, and 
one or more of neighboring Node Bs 120 and 126. 

0028. Each of UE 102 and controller 130 includes a 
respective processor 104, 132 such as one or more micro 
processors, microcontrollers, digital signal processors 
(DSPs), combinations thereof or such other devices known 
to those having ordinary skill in the art. The particular 
operations/functions of processors 104 and 132, and respec 
tively thus of UE 102 and controller 130, are determined by 
an execution of Software instructions and routines that are 
stored in a respective at least one memory device 106, 134 
associated with the processor, Such as random access 
memory (RAM), dynamic random access memory 
(DRAM), and/or read only memory (ROM) or equivalents 
thereof, that store data and programs that may be executed 
by the corresponding processor. In order for UE 102 to soft 
combine MBMS transmissions from multiple Node Bs, at 
least one memory device 106 of UE 102 further comprises 
a soft combining buffer 108 that stores MBMS data received 
from each Node B (or “soft information') of the multiple 
Node Bs 120, 123, 126 until the data can be soft combined 
with a same MBMS data received from the other Node Bs 
of the multiple Node Bs. 

0029. The embodiments of the present invention prefer 
ably are implemented within UE 102 and controller 130, and 
more particularly with or in Software programs and instruc 
tions stored in the respective at least one memory device 
106, 134, and executed by respective processors 104, 132. 
However, one of ordinary skill in the art realizes that the 
embodiments of the present invention alternatively may be 
implemented in hardware, for example, integrated circuits 
(ICs), application specific integrated circuits (ASICs), and 
the like, such as ASICs implemented in one or more of the 
wireless communication devices UE 102 and transceiver 
123. Based on the present disclosure, one skilled in the art 
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will be readily capable of producing and implementing Such 
software and/or hardware without undo experimentation. 

0030 Preferably, communication system 100 is a Uni 
versal Mobile Telecommunication Service (UMTS) commu 
nication system that operates in accordance with the 3GPP 
(Third Generation Partnership Project), or W-CDMA (Wide 
band Code Division Multiple Access), standards, which 
provide a compatibility standard for UMTS air interfaces 
and which standards are hereby incorporated herein in their 
entirety. The standards specify wireless telecommunications 
system operating protocols, including radio system param 
eters, call processing procedures, and provision of a broad 
cast-multicast service, that is, a Multimedia Broadcast/ 
Multicast Service (MBMS), in 3GPP (Third Generation 
Partnership Project)TS (Technical Specification) 23.246, TS 
22.146, TS 25.346, and TS 29.846, which specifications are 
hereby incorporated herein in their entirety. In a UMTS 
communication system Such as communication system 100, 
a communication channel comprises a logical and/or a 
transport channel, typically an orthogonal code, that is 
mapped to a physical channel, typically a frequency band 
width. 

0031. In another embodiment of the present invention, 
communication system 100 may be a Code Division Mul 
tiple Access (CDMA) 2000 communication system that 
operates in accordance with the 3GPP2 (Third Generation 
Partnership Project 2) standards. The 3GPP2 standards pro 
vide a compatibility standard for CDMA2000 air interfaces 
(both 1X and DO) and specify wireless telecommunications 
system operating protocols, including radio system param 
eters, call processing procedures. The 3GPP2 standards 
further specify provision of a broadcast-multicast service, 
that is, a Broadcast-Multicast Service (BCMCS). BCMCSs 
are described in detail in the 3GPP2 (Third Generation 
Partnership Project Two) X.P0022, A.S00019, C.S.0054 and 
S.R0083 specifications, which specifications are hereby 
incorporated herein in their entirety and copies of which 
may be obtained from the 3GPP2 via the Internet or from the 
3GPP2 Secretariat with administrative offices at 2500 Wil 
son Boulevard, Suite 300, Arlington, Va. 22201 (USA). In 
yet other embodiments of the present invention, communi 
cation system 100 may operate in accordance with any other 
wireless telecommunication system, such as but not limited 
to a Time Division Multiple Access (TDMA) communica 
tion system, a Wireless Local Area Network (WLAN) com 
munication system as described by the IEEE (Institute of 
Electrical and Electronics Engineers) 802.xx standards, for 
example, the 802.11, 802.15, 802.16, or 802.20 standards, or 
an Orthogonal Frequency Division Multiple Access 
(OFDM) communication system. 

0032. As noted above, UE 102 subscribes to an MBMS 
service provided by communication system 100. The 
MBMS service provides for a conveyance of MBMS data, 
via a multicast or a unicast communication session and 
typically in a format of Internet Protocol (IP) data packets, 
to each subscribed UE. As is known in the art, when 
communication system 100 has MBMS data to provide to 
subscribers to the MBMS service, network controller 130 
may determine to establish, in each coverage area, that is, at 
each Node B 120, 123, 126, a Point-To-Multipoint (PTM) 
communication channel or a Point-To-Point (PTP) channel 
to each recipient in the coverage area. 
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0033. When UE 102 is soft combining MBMS transmis 
sions from multiple Node Bs, the UE maintains, in the at 
least one memory device 106 of the UE, an MBMS Active 
Set or a Neighbor List. The MBMS Active Set (or Neighbor 
List) comprises a cell identifier and/or one or more of a 
logical, transport, and/or physical channel, typically a pilot 
channel such as a Common Pilot Channel (CPICH), asso 
ciated with serving Node B 123 and each of one or more 
neighbor Node Bs, such as Node Bs 120 and 126, that are 
engaged in soft handoff with the UE, that is, that may be 
simultaneously involved in a communication session with 
the UE and that are potential candidates for handoff or cell 
reselection by the UE. As part of soft handoff, UE 102 
monitors the logical, transport, and/or physical channel 
associated with each MBMS Active Set Node B. When the 
UE is actively engaged in an MBMS session and receives 
MBMS data via two or more of the MBMS Active Set Node 
Bs, the UE may increase the transmission gain and reduce an 
error rate by soft combining MBMS data received via each 
of the two or more MBMS Active Set Node BS. 

0034) Referring now to FIG. 2, a logic flow diagram 200 
is provided that depicts an exemplary soft combining by UE 
102 in accordance with an embodiment of the present 
invention. Logic flow 200 begins (202) when network 
controller 130 determines (204) to establish a Point-To 
Multipoint (PTM) communication channel at each Node B 
of multiple Node Bs in the MBMS Active Set of UE 102, 
that is, at Node Bs 120, 123, and 126, for a provision of a 
same MBMS service by each such Node B (herein referred 
to as a soft combinable MBMS service and soft combinable 
Node Bs). In response to determining to establish the PTM 
communication channels, network controller 130 assigns 
(206) a PTM communication channel at each Node B 120, 
123, 126 for a multicast of the data. Typically, the assigned 
communication channel comprises a multicast channel. Such 
as a Forward Access Channel (FACH), that is mapped to a 
common physical channel. Such as a Secondary Common 
Control Physical Channel (S-CCPCH). Network controller 
130 informs (208) the subscribed UE, that is, UE 102, of the 
assigned PTM communication channels and then multicasts 
(210) the MBMS data to the UE 102 via each of Node Bs 
120, 123, and 126 and the PTM communication channel 
assigned at each Node B. When UE 102 receives (212) the 
MBMS data from each Node B of the multiple Node Bs120, 
123, 126, the UE stores (214) the data in the UE's soft 
combining buffer 108. When the UE determines (216) that 
the UE has received and/or stored a same frame of MBMS 
data that is received via each of Node Bs 120, 123, 126 and 
respective downlinks 112, 115, 118, the UE combines (218) 
the received and/or stored same frames and logic flow 200 
ends (220). 
0035) While providing a soft combinable MBMS service 
to UE 102, each of Node Bs 120, 123, 126 further may be 
provide other MBMS services to UE 102 and/or to other 
UEs residing in the Node B's coverage area. In turn, 
subscribed UE 102 may be subscribed to, and receiving, 
MBMS data with respect to other MBMS services from one 
or more of Node BS 120, 123, and 126. In order for UE 102 
to soft combine MBMS data received from each of multiple 
Node Bs, that is, Node Bs 120, 123, and 126, with respect 
to a same MBMS service, UE 102 must be able to synchro 
nize frames of data received via each Node B, so that the UE 
knows, when combining frames, that a same frame of data 
received via each of Node Bs 120, 123, and 126 is being 

Jul. 6, 2006 

combined. In order for UE 102 to synchronize the frames of 
data, the UE must determine a start of a soft combining 
period with respect to transmissions from each of the Node 
BS. 

0036) To facilitate the soft combining of data by UE 102, 
communication system 100 provides UE 102 with schedul 
ing information that permits the UE to determine when a soft 
combining period starts with respect to each of the multiple 
Node Bs. Referring now to FIG. 3, a logic flow diagram 300 
is provided that illustrates a method by which communica 
tion system 100 provides scheduling information to UE 102 
in accordance with an embodiment of the present invention. 
Logic flow diagram 300 begins (302) when a soft combin 
able MBMS service is provided (304) to UE 102 via each 
Node B of the multiple Node Bs, that is, Node Bs 120, 123, 
and 126. As part of the MBMS service, network controller 
130 conveys a same frame of MBMS data to UE 102 via 
each of Node BS 120, 123, and 126. When the UE receives 
each frame of MBMS data associated with the MBMS 
service from each of Node BS 120, 123, and 126, the UE 
stores the data in the UE's soft combining buffer 108. 

0037 To facilitate a soft combining of the MBMS data 
stored by UE 102, network controller 130 further conveys 
(306) to UE 102, and UE 102 receives (308) from the 
network controller, scheduling information for each of the 
multiple Node Bs. Preferably, network controller 130 con 
veys the scheduling information via serving Node B 123 and 
via an MBMS control channel (MCCH) of downlink 115 of 
air interface 113. UE 102 may then use the provided 
scheduling information to determine (310) when a soft 
combining period starts with respect to each Node B of the 
multiple Node Bs120, 123, 126 and to synchronize (312) the 
data received via each of the multiple Node Bs based on the 
determined starts of the soft combining periods for the 
multiple Node Bs. Logic flow 200 then ends (314). 

0038 Network controller 130 may provide scheduling 
information a single time per MBMS service. However, in 
order to provide more scheduling flexibility, network con 
troller 130 preferably provides the scheduling information 
periodically. A time period for updates of scheduling infor 
mation may be pre-determined, for example, every 5 sec 
onds, and maintained in the at least one memory devices 
106, 134 of UE 102 and network controller 130, or network 
controller 130 may transmit the time period for scheduling 
updates to UE 102 via the MCCH of downlink 115 of air 
interface 113 along with radio frequency (RF) bearer char 
acteristics. Network controller 130 may then update the 
scheduling of data for an MBMS service periodically and 
provide the updated scheduling information to UE 102. 

0039. In one embodiment of the present invention, a 
coverage area specific, or Node B specific, embodiment, 
a transmission delay (or 'offset) between neighboring cov 
erage areas, or Node Bs, is constant regardless of the MBMS 
service provided. As a result, the scheduling information 
conveyed by network controller 130 to UE 102 need not 
include a separate offset for each MBMS service. Instead, 
the scheduling information conveyed by network controller 
130 to UE 102 may include a transmission delay for each 
neighbor Node B 120, 126 (neighbor Node B offsets) and 
service scheduling information for each MBMS service. In 
turn, the service scheduling information for each MBMS 
service preferably includes a reference start time for the 
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MBMS service (preferably a start time associated with a 
provision of the service at serving Node B 123), preferably 
in units of radio frames Such as a starting Cell System Frame 
Number (SFN) index, which varies from 0 to 4095, or a 
starting Connection Frame Number (CFN) index, and a 
scheduling duration for the service, that is, a duration of a 
time period during which the provided scheduling informa 
tion is applicable, for example, in units of radio frames or 
Transmission Time Intervals (TTIs). 
0040. The transmission delay provided for each neighbor 
Node B corresponds to a delay in a provision of an MBMS 
service between a reference start time, such as the start time 
of the MBMS service at serving Node B 123, and the 
provision of the same service by the neighbor Node B. From 
another perspective, the transmission delay provided for 
each neighbor Node B comprises a delay between the start 
time of the MBMS service in the provided service sched 
uling information and a start time of the same service at the 
neighbor Node B. As the coverage area specific embodi 
ment assumes that transmission delay between neighboring 
coverage areas, or Node Bs, is constant, that is, is approxi 
mately the same regardless of the MBMS service provided, 
only a single delay need be provided for each neighbor Node 
B 120, 126 and only a single start time need be provided for 
each MBMS service. 

0041. In addition, when a same MBMS service is avail 
able for soft combining at the multiple Node Bs 120, 123, 
126 or associated coverage areas, the scheduling period 
length or duration, that is, the total frames over which the 
scheduling information may be applicable, for each of the 
multiple Node Bs or coverage areas, preferably is the same. 
Otherwise, the delay cannot be easily controlled. That is, for 
soft combinable MBMS services to share a same physical 
channel, they must have a same scheduling period length. 
Therefore, preferably each soft combinable Node B 120, 
123, 126 uses a same scheduling duration, and only a single 
scheduling duration need be provided for each MBMS 
service. 

0042. The transmission delays between Node Bs remain 
approximately constant during each scheduling period or 
modification period. Serving Node B 123 then may broad 
cast a new delay or offset information for each of the 
neighbor Node Bs 120, 126 each scheduling or modification 
period, along with new service scheduling information. 
Based on the service scheduling information provided with 
respect to each MBMS service and the offsets provided for 
each Node B, UE 102 is able to determine when to detect 
each MBMS service provided by each Node B 120, 123, 126 
in each corresponding coverage area. By determining when 
to detect each MBMS service provided by each Node B 120, 
UE 102 is able to synchronize transmissions of the same 
information received for a same MBMS service via each of 
the Node Bs and to soft combine the transmissions. 

0043. In another embodiment of the present invention, a 
service specific embodiment, the transmission delays 
between Node Bs may not be the same for all soft combin 
able MBMS services. As a result, instead of providing a 
delay for each neighbor Node B and a single start time and 
schedule duration for each MBMS service, network control 
ler 130 may provide service scheduling information that is 
specific to each soft combinable MBMS service and Node B. 
That is, in the service specific embodiment, network con 
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troller 130 conveys to UE 102, via serving Node B 123, and 
preferably via the MCCH of downlink 115, and for each 
scheduling period or modification period, service scheduling 
information that includes a specific start time for each soft 
combinable MBMS service at each Node B 120, 123, 126. 
Again, to facilitate soft combining, preferably each soft 
combinable Node B 120, 123, 126 uses a same scheduling 
duration. As a result, the service Scheduling information may 
further include a specific scheduling duration for each 
MBMS service at each Node B120, 123, 126 or may include 
only a single scheduling duration for each MBMS service. 

0044) In the service specific embodiment, the transmis 
sion delays between each of the multiple Node Bs 120, 123, 
126 may differ depending upon which MBMS service of 
multiple MBMS services is provided by all of the Node Bs. 
That is, a transmission delay, or offset, between start times, 
that is, starting radio frame numbers such as SFNS, associ 
ated with a first Node B and a second Node B in providing 
a first MBMS service may be different than a delay or offset 
between start times associated with the first Node B and the 
second Node B in providing a second MBMS service. 
However, while the delays can vary depending upon the 
MBMS service being provided, the delays between the start 
times associated with each of the MBMS services should be 
constrained based on the UE's soft combining buffer size. 
That is, the transmission delay or offset associated with each 
MBMS service preferably is small enough to allow UE 102 
to soft combine the same MBMS data received from each of 
Node Bs 120, 123, 126 with a limited soft combining buffer 
108 size. By constraining a maximum size of the transmis 
sion delays or offsets, a given transport block of MBMS data 
is transmitted on each of downlinks 112, 115, 118 within a 
time period such that the soft combining buffer 108 of UE 
102 may store and combine the received blocks of MBMS 
data. 

0045. For non-soft combinable MBMS services, that is, 
for services that UE 102 receives via only a single Node B 
or coverage area of the multiple Node Bs 120, 123, 126 or 
associated coverage areas, each Node B or different cover 
age area may multicast their different MBMS services on a 
same S-CCPCH using different parameters, including dif 
ferent relative delays between the services. Such delays need 
not be constrained as there is no limiting size of a soft 
combining buffer. 

0046) To assist in understanding the principles of the 
service specific embodiment while not intending to limit 
the invention in any way, an exemplary timing diagram 400 
of frame flows for each of multiple Node Bs is provided in 
FIG. 4, which diagram is based on a service specific 
scheduling of frames for a first Node B, such as Node B 123, 
and a second Node B, such as Node B 126. In FIG. 4, some 
MBMS services provided by each of the first Node B, that 
is, Node B 123, and the second Node B, that is, Node B 126, 
are soft combined by a receiving UE, that is, UE 102. For 
example, each of Node B 123 and Node B 126 provides 
MBMS services 1 and 6. Other MBMS services provided by 
each of Node B 123 and Node B 126 are not soft combined. 
For example, only Node B 123 provides MBMS services 2 
and 3 and only Node B 126 provides MBMS services 4 and 
5. Accordingly, when UE 102 subscribes to one or more of 
MBMS services 1 and 6, the UE soft combines the data 
received from each of Node B 123 and Node B 126, whereas 
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when UE 102 subscribes to one or more of MBMS services 
2-5 then the UE will not soft combine the MBMS data. 

0047. Furthermore, as depicted in FIG. 4, the transmis 
sion delays (or offsets) between Node B 123 and Node B 126 
is not the same for all MBMS services. That is, while both 
Node B 123 and 126 provide both services 1 and 6, Node B 
123 delivers MBMS service 1 earlier than Node B 126 while 
Node B 126 delivers MBMS service 6 earlier than Node B 
123. Therefore, in accordance with the service specific 
embodiment of the present invention, network controller 
130 may provide to UE 102 the following scheduling 
information in association with Node B 123, preferably via 
a serving Node B (also, in this example, Node B 123): 
0048 MBMS service 1—a starting SFN of 423, a period 
of 6, and a transmission time interval (TTI) of 20 millisec 
onds (ms); 
0049 MBMS service 2–a starting SFN of 425, a period 
of 6, and a TTI of 20 ms: 
0050 MBMS service 3—a starting SFN of 426, a period 
of 6, and a TTI of 20 ms; and 
0051 MBMS service 6 a starting SFN of 428, a period 
of 6, and a TTI of 20 ms. 

0.052 In addition, network controller 130 may provide to 
UE 102 the following scheduling information in association 
with Node B 126, again preferably via serving Node B 123: 
0053 MBMS service 1—a starting SFN of 451, a period 
of 6, and a TTI of 20 ms: 
0054 MBMS service 4 a starting SFN of 453, a period 
of 6, and a TTI of 20 ms: 
0055 MBMS service 5 a starting SFN of 454, a period 
of 6, and a TTI of 20 ms; and 
0056 MBMS service 6 a starting SFN of 455, a period 
of 6, and a TTI of 20 ms. 

0057 Since MBMS services 2-5 are not to be soft com 
bined, services 2-5 may or may not be scheduled and may 
or may not be conveyed to the UE, as that is up to the 
designer of communication system 100. However, the 
MBMS services that are not to be soft combined cannot 
occupy the same TTIs as services that are to be soft 
combined, so a scheduling of MBMS services that are not to 
be soft combined may be somewhat constrained in that 
SSC. 

0.058. In both the coverage area specific embodiment 
and the service specific embodiments of the present inven 
tion, based on the scheduling information provided to UE 
102, the UE can identify the different MBMS services and 
therefore is able to decide what to soft combine without 
reading a Transport Format Combination Indicator (TFCI) 
associated with each MBMS service and each downlink 112, 
115, 118. While the TFCI may still be used by UE 102, a 
transport format used for a provision of the same MBMS 
data via each of the multiple soft combinable Node Bs 120, 
123, 126 and corresponding downlinks 112, 115, 118 pref 
erably is the same for all of the Node Bs/downlinks in order 
for the data to be soft combined. By using one transport 
format for all of the Node Bs/downlinks, additional robust 
ness is attained with respect to TFCI detection, essentially 
providing selection combining gain for the TFCI bits. In one 
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embodiment of the present invention, wherein the TFCI bits 
are guaranteed to be identical, UE 102 may soft combine the 
TFCI bits for further gains. However, different downlinks 
may have different transport format combination sets 
(TFCS), so it may be difficult to select an identical TFCI and 
a same transport format combination for all downlinks being 
soft combined. Therefore, in another embodiment of the 
present invention, UE 102 may not assume that all down 
links have an identical TFCI and, as a result, may not soft 
combine the TFCI bits. 

0059 An advantage of the service specific embodiment 
over the coverage area specific embodiment is that com 
munication system 100 may save communication resources, 
more specifically, code resources, by allowing different 
Node Bs 120, 123, 126 to provide different services in the 
same time slots when the services are multiplexed on the 
same physical channel. A drawback of the service specific 
embodiment is that it consumes more system overhead than 
the coverage area specific embodiment when conveying to 
UE 102 the scheduling information for all of the multiple 
soft combinable Node BS 120, 123, 126. However, the 
overhead consumed by the scheduling information signaling 
involved in the service specific embodiment is not large, 
perhaps only a couple of hundred bits per second. For 
example, a number of bits required to provide service 
specific scheduling may be determined in accordance with 
the following equation (in practice, many of the variables 
will be fixed constants): 

wherein, 

0060 M is an average number of services to be scheduled 
per modification period; 

0061 C, is a number of bits for start SFN representation, 
SFN from 0 to 4095, 12 bits: 

0062 B is a number of bits for scheduled duration 
representation (in radio frames or TTI) and depends on the 
maximum supported data rate, the scheduling period, TTI 
length, and spreading factor. Six (6) bits for 1 second 
scheduling period, 20 ms TTI may suffice: 

0063 N is a number of coverage areas or Node Bs, whose 
multicasts are being soft combined (for MBMS, 10 is a 
reasonable value); 

0064) 8, is a number of bits needed to signal a time 
difference (in radio frames) between a serving coverage 
area, or node B, and a neighbor coverage area, or Node B, 
for an MBMS service i. Assuming no more than a 1.28 

second delay, 7 bits may suffice; 

0065 f is an inverse of scheduling period. A reasonable 
assumption is that the scheduling period is the same as the 
modification period (around 5 s), so a nominal f-0.2. 

0066 For example, assuming that N=10, M=10, f=5 s, 
8,-7, then the overhead is 10*(6+12+10*7)/5=176 bits/ 
second. This overhead may be further reduced by limiting a 
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maximum delay between air interfaces of the various cov 
erage areas, or Node Bs, or by expressing 8, in TTIs instead 
of radio frames. 

0067. In yet another embodiment of the present inven 
tion, UE 102 may determine a soft combining start time for 
each neighbor Node B 120, 126, or associated coverage area, 
merely based on a soft combining start time of only a single 
Node B or coverage area, preferably serving Node B 123 or 
the associated coverage area. MBMS specifications are 
being developed that require that RAN 140 set the maximum 
timing difference (as received by the UE) for different 
downlinks to one (1) TTI plus one (1) slot. As a result, UE 
102 may use a start of a Soft combining period for the single 
Node B, such as serving Node B 123 (or associated coverage 
area or downlink 115), along with the maximum timing 
difference to determine start times for the soft combining 
periods of the other soft combinable Node Bs, that is, 
neighbor Node Bs Node Bs 120 and 126, or associated 
coverage areas or downlinks 112, 118. 
0068 Referring now to FIG. 5, a logic flow diagram 500 

is provided of a method executed by UE 102 to determine 
Soft combining start period times for soft combinable neigh 
bor Node Bs, such as Node Bs 120 or 126 (or associated 
coverage areas or downlinks 112, 118), in accordance with 
the yet another embodiment of the present invention. Logic 
flow diagram 500 begins (502) when RAN 104, and more 
particularly network controller 130, sets up (504) a multicast 
of an MBMS service at each of Node BS 120, 123, and 126 
and UE 102 receives (506), from network controller 130 via 
serving Node B 123, scheduling information for provision of 
the MBMS service by the serving Node B. The scheduling 
information includes a start time for the service, in radio 
frames, such as an SFN index or a CFN index, and a 
scheduling duration, such as a number of radio frames or 
TTIs, for serving Node B 123. 

0069. As part of the MBMS service, RAN 140, and 
preferably network controller 130, conveys (508) frames of 
MBMS data associated with the MBMS service to each of 
Node BS 120, 123, and 126, and via the Node Bs, to UE 102. 
When UE 102 receives (510) the frames of MBMS data, the 
UE Stores the received frames in buffer 108 of the UE. In 
addition, as RAN 140 is aware of, and therefore is able to 
determine (512), a correct start time, or starting frame, for 
the frames of MBMS data transmitted by each neighbor 
Node B 120, 126 to UE 102, then RAN 140, and in particular 
network controller 130 or the Node B, determines (514), for 
each neighbor Node B 120, 126, a start time indicator, 
preferably a neighbor cell start indication (NCSI) for the 
Node B (and hereinafter referred to as an NCSI), that is 
directly associated with and identifies a start time, or a 
starting frame, for the multicast of the MBMS service by 
that Node B. 

0070). In order to limit the size, in terms of bits, of the 
NCSI, the NCSIs need only differentiate among the potential 
start times, or frames of MBMS data, that fall within a 
combining window around the start time on the serving 
cell. There are a finite number of potential start times within 
a combining window because the UE must know when a 
new block of data will be transmitted. In order to allow the 
UE to know when the new block of data will be transmitted, 
the W-CDMA standard indicates the time period over which 
a block of data will be transmitted (which is called a 
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transmission time interval or “TTI), and only allows each 
block of data on a given transport channel to begin on a radio 
frame that is an even multiple of the number of radio frames 
in a TTI. The combining window is window of time, or 
frames, that is, at the largest, plus/minus one (1) TTI plus 
one slot from the start time of the MBMS service as 
provided in the scheduling information by serving Node B 
123. As one of ordinary skill in the art is aware (and as is 
apparent by reference to FIG. 6), at most three (3) potential 
start times for a neighbor Node B 120, 126 may fall within 
the combining window. As a result, two bits may be used 
to represent the NCSI. Since RAN 140 determines an NCSI 
that maps to an NCSI determined by UE 102 but that is 
unique for each frame in the combining window, the RAN 
and UE may use a same algorithm to determine the NCSIs 
and may further derive the NCSI from information that is 
unique to each Such frame. Such as a frame number. For 
example, RAN 140 may determine the NCSI for each 
neighboring Node B 120, 126 as follows, 

neighbor cell start indication=(CFN Start(i)/{Max 
TTI Size)mod 4, 

where CFN Start(i) is the frame number corresponding to 
the start time/starting frame, and Max TTI Size is the 
largest TTI on the S-CCPCHs that may be soft combined. 
Network controller 130 then conveys (516) to UE 102 via 
serving Node B 123, and the UE receives (518) from the 
network controller, the NCSI determined for each neighbor 
Node B 120, 126. 
0071. On the UE 102 side, based on the serving Node B 
scheduling information, more particularly the provided start 
time, and a largest TTI size used by communication system 
100 on the S-CCPCHs that may be soft combined (Max T 
TI Size), the UE determines (520) one or more potential 
start times, in radio frames, for each soft combinable neigh 
bor Node B 120, 126 (or associated coverage areas or 
downlink) and in association with the frames received from 
the Node B to produce one or more potential start times for 
each neighbor Node B 120, 126. Each potential start time for 
a neighbor Node B is associated with a frame of MBMS data 
conveyed by the Node B. For example, the UE may use the 
constraint that a data block start on a radio frame that is an 
even multiple of the number of radio frames in a TTI to 
determine potential start times/frames, so the UE 102 may 
determine CFNs that fulfill the following equation, 

CFN mod Max TTI Size=0 

where mod indicates modulo division. 

0072 Due to transmission delays between the serving 
Node B, that is, Node B 123, and each of the neighbor Node 
Bs, that is, Node Bs 120 and 126, RAN 140 is likely to 
determine multiple potential start times for each neighbor 
Node B. However, by restricting a determination of potential 
start time for a neighbor Node B 120, 126 to potential start 
times that lie in a combining window that is, at the largest, 
plus/minus one (1) TTI from the start time provided by 
serving Node B 123, a minimal number, that is, at most three 
(3), potential start times may be determined for each neigh 
bor Node B 120, 126. 
0.073 UE 102 further determines (522), in association 
with each of the at least one potential start times determined 
for each neighbor Node B 120, 123, an NCSI to produce at 
least one NCSI for each Node B. Preferably, UE 102 uses the 
same algorithm as RAN 104 in determining the NCSIs so 
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that the determinations are aligned, such as the equation 
neighbor cell Start indication=(CFN Start(i)/ 
{Max TTI Size})mod 4. 
0074 For each neighbor Node B 120, 126, UE 102 then 
determines (524) a soft combining start time by matching 
one of one or more NCSIs determined by UE 102 in 
association with each of the one or more potential start 
times/frames for the Node B and the NCSI for the Node B 
received from RAN 140. Logic flow 500 then ends (526). 
0075. In order to assist the reader in understanding the 
principles of the present invention and not intending to limit 
the invention in any way, an exemplary timing diagram is 
provided in FIG. 6 that illustrates a detection of a soft 
combining start time by a UE, such as UE 102, for each of 
neighbor Node Bs 120 and 126 (or associated coverage areas 
or downlinks 112, 118) in accordance with the method 
described in logic flow diagram 500. In FIG. 6, a Max T 
TI Size=8. In FIG. 6, thick lines indicate potential soft 
combining start times, thinner lines indicate a start of a 
frame, and the arrows indicate the Soft combining start times 
for each Node B 120, 123, and 126. Also, in FIG. 6, the 
potential Soft combining start times, or starting frames, as 
well as non-potential starting frames, are designated as 
M(N), wherein M corresponds to the radio frame number, 
preferably the CFN, of the frame, and N is the NCSI 
calculated for the frame. 

0076. As depicted in FIG. 6, with respect to serving 
Node B 123, the start of the soft combining period is CFN 
32. UE 102 knows neighbor Node Bs 120 and 126, that is 
downlinks 112 and 118, can be soft combined, and can 
calculate potential Soft combining start time for each neigh 
bor Node B or coverage area. Since the network must 
synchronize soft combinable transmissions to one TTI, UE 
102 calculates potential start times within a combining 
window that is up to 1 TTI earlier and 1 TTI later than the 
current serving Node B or coverage area. 
0077. As depicted in FIG. 6, for Node B 120, potential 
start times, or frames, 112 and 120 both fall in the combining 
window. UE 102 calculates an NCSI for each potential start 
time/frame, with the result that potential start time/frame 
112 is associated with an NCSI with a value of 2 and 
potential start time/frame 120 is associated with an NCSI 
with a value of 3. These potential start times/frames for 
Node B 120 are therefore depicted in FIG. 6 as 112(2) and 
120(3). 
0078 For Node B 126, one potential start time, or frame, 
that is, start time/frame 224, exactly matches the start 
time/frame of serving Node B 123 and as a result, three 
potential start times, or frames, 216, 224, 232 all fall in the 
combining window for Node B 123. UE 102 calculates an 
NCSI for each potential start time/frame, with the result that 
potential start time/frame 216 is associated with an NCSI 
with a value of 3, potential start time/frame 224 is asso 
ciated with an NCSI with a value of 0, and potential start 
time/frame 232 is associated with an NCSI with a value of 
1. These potential start times/frames for Node B 126 are 

therefore depicted in FIG. 6 as 216(3), 224(0) and 232(1). 
0079. In order to resolve uncertainty concerning the 
correct start time for each of Node B 120 and Node B 126, 
network controller 130 conveys to UE 102 an NCSI for each 
such Node B. The NCSI provided by the RAN indicates 
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which of one or more NCSIs determined by the UE for each 
Node B 120, 126 corresponds to a correct start time. For 
example, with respect to FIG. 6, network controller 130 will 
convey to UE 102 an NCSI with a value of 2 for Node B 
120 and an NCSI with a value of 0 for Node B 126. By 
utilizing the NCSIs provided by the RAN, UE 102 is able to 
determine that the start time/frame for Node B 120 is 112 
and that the start time/frame for Node B 126 is 224. 

0080. In summarization, communication system 100 pro 
vides for a provision, via a single, serving Node B, that is, 
Node B 123, of all scheduling information required by a UE, 
that is, UE 102, to determine a start time for all other Node 
Bs, that is Node Bs 120 and 123, of multiple Node Bs, that 
is, Node Bs 120, 123, and 126, with respect to a multicast, 
by each Node B of the multiple Node Bs, of soft combinable 
MBMS data. By providing all needed scheduling informa 
tion via a single Node B, the UE only need monitor a single 
link in order to obtain the scheduling information. Thus the 
UE is permitted to sleep more and conserve battery power, 
as independent scheduling on the downlinks associated with 
each of the multiple Node Bs would cause the UE to wake 
up more often. The UE may then use the scheduling infor 
mation to synchronize a soft combining of the MBMS data 
received by the UE via each of the multiple Node Bs, even 
when the multicasts via the multiple Node Bs are not 
synchronized. 

0081. In one embodiment of the present invention, a 
coverage area specific, or Node B specific, embodiment, 
a transmission delay (or 'offset) between neighboring cov 
erage areas, or Node Bs, is approximately the same regard 
less of the MBMS service provided. As a result, the sched 
uling information conveyed to the UE need not include a 
separate offset for each MBMS service. Instead, a network 
controller, that is network controller 130, may convey sched 
uling information the UE that includes a transmission delay 
for each neighbor Node B of the multiple Node Bs and 
service scheduling information for each MBMS service. In 
turn, the service scheduling information for each MBMS 
service may include a reference start time for the MBMS 
service and a scheduling duration for the MBMS service. 

0082 In another embodiment of the present invention, a 
service specific embodiment, the transmission delays 
between the multiple Node Bs may not be the same for all 
MBMS services. As a result, instead of providing a delay for 
each neighbor (non-serving) Node B and a single start time 
and schedule duration for each MBMS service, the network 
controller may provide service scheduling information that 
is specific to each soft combinable MBMS service and Node 
B, which service scheduling information includes a specific 
Start time for each MBMS service at each Node B of the 
multiple Node Bs. To facilitate soft combining, preferably 
each Node B of the multiple Node Bs uses a same sched 
uling duration. As a result, the service scheduling informa 
tion may further include a specific scheduling duration for 
each MBMS service at each Node B of the multiple Node Bs 
or may include only a single scheduling duration for each 
MBMS service. 

0083. In yet another embodiment of the present inven 
tion, the network controller may convey Scheduling infor 
mation relating to only a single Node B, the serving Node B, 
to the UE. Based on the provided scheduling information, 
the UE is able to determine one or more potential start times 
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for each non-serving Node Bs of the multiple Node Bs. For 
each non-serving Node B, the network controller further 
conveys to the UE an identifier (NCSI) of which potential 
start time of the one or more other potential start time is the 
correct start time for provision of the MBMS service via that 
Node B. Based on the received indicators, the UE is able to 
determine a start time for provision of the MBMS service via 
each non-serving Node B. 

0084. The above embodiments of the present invention 
do not require that the multicasts of frames of data associ 
ated with an MBMS service by different Node Bs 120, 123, 
126 be synchronized. That is, based on the scheduling 
information provided to UE 102, the UE is able to determine 
a start time of a soft combining period for each of the 
downlinks 112, 115, 118, and corresponding Node Bs 120, 
123, 126. UE 102 may then determine a frame difference, 
such as an SFN difference or a CFN difference, between two 
Node Bs whose multicasts may be soft combined and 
combine the transport blocks received from each Node B 
based on the SFN difference. Thus UE 102 may simply 
choose the TTIs from each of multiple downlinks 112, 115, 
and 118 and corresponding Node Bs 120, 123, and 126 to 
perform the Soft combining based on the scheduling infor 
mation. 

0085. However, in both the coverage area specific and 
the service specific embodiments, it is preferable that a 
difference in time between multicasts of a same MBMS 
frame by different Node BS be constrained so as to minimize 
a likelihood that soft combining buffer 108 of UE 102 will 
not be able to store and soft combine MBMS data received 
from each of the multiple soft combinable Node Bs 120, 
123, and 126. Therefore, communication system 100 further 
provides for a synchronizing of the multicasts of a same 
MBMS service by each of soft combinable Node Bs 120, 
123, and 126. 

0086) Referring now to FIGS. 7 and 8, a procedure is 
illustrated by which network controller 130 measures and 
synchronizes a frame number difference, such as an SFN 
difference, between neighboring Node Bs, such s Node Bs 
123 and 126, in accordance with an embodiment of the 
present invention. Preferably, the synchronization is imple 
mented in accordance with a well-defined node synchroni 
zation procedures that are described in detail in 3GPP TS 
25.402, which specification is hereby incorporated herein in 
its entirety. By Synchronizing, that is, limiting a variability 
of transmission times, of the multicasts of an MBMS service 
by each of the neighboring Node Bs 120, 123, 126, network 
controller 130 is able to assure that the transmission delays, 
or offsets, between the Node Bs are small enough such that 
soft combining the transport blocks will not exceed the 
buffer size of soft combining buffer 108 of UE 102. 
0087 FIG. 7 is an exemplary timing diagram 700 that 
illustrates a method by which a network controller 130 may 
synchronize multiple Node Bs, such as Node B 123 and 
Node B 126, in accordance with an embodiment of the 
present invention. FIG. 8 is a logic flow diagram 800 of the 
synchronization of the multiple Node Bs by network con 
troller 130 in accordance with an embodiment of the present 
invention. Logic flow diagram 800 begins (802) when an 
MBMS service is setup (804) and network controller 130 
establishes (806) radio bearers, such as PTM communica 
tion channels, in each of a first coverage area that is served 
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by a first Node B, such as Node B 123, and a second 
coverage area that is served by a second Node B. Such as 
Node B 126. Network controller 130 then performs a node 
synchronization procedure with Node B 123 and Node B 
126. 

0088 As part of the synchronization procedure, network 
controller 130 determines (808), for each of the first Node B, 
that is, Node B 123, and the second Node B, that is Node B 
126, a Node B Frame Number (BFN) associated with an 
arrival of a transport block at the Node B, which transport 
block is sent at a certain network controller 130 Frame 
Number (RFN). This is the RFN-BFN difference, which is 
also determined by network controller 130 for each of the 
first and second Node Bs 123, 126. Typically, the RFN-BFN 
difference is measured using a DL Node Sync control: 
frame. If the control frame is sent over a transport bearer 
used for an MBMS service, then the RFN-BFN difference 
would be the same for transport blocks sent over the 
transport bearer. 
0089 For example, as depicted in FIG. 7, network con 
troller 130 obtains the information of frame numbers at 
points in times T1-1, T2-1, T3-1 and T4-1 for Node B 123. 
Similarly, network controller 130 obtains the information of 
frame numbers at points in times T1-2, T2-2, T3-2 and T4-2 
for Node B 126. Each of T1, T2, T3, are measured as a frame 
number (RFN or BFN) that corresponds to a time increment 
of 0.125 ms. For example, with respect to Node B 123, T1-1 
is assumed to be 1471.125 and T2-1 is assumed to be 
29445.625. That is, a transport block sent by network 
controller 130 with an RFN 1471.125 arrives at Node B 123 
at a BFN 29445.625, resulting in a time difference or frame 
number difference (RFN-BFN difference) of 27974.500. 
With respect to Node B 126, a transport block that is sent by 
network controller 130 at T1-2 with an RFN 1467.75 arrives 
at Node B 126 at T2-2 at a BFN 40030.125. So the 
RFN-BFN difference with respect to Node B 126 is 
38542.375. The RFN-BFN difference may be simplified by 
converting the units to units of 10 ms. The RFN-BFN 
difference of Node B 123 is then 2797 and the RFN-BFN 
difference of Node B 126 is then 3856. 

0090 Based on the RFN-BFN differences of each of the 
first and second Node Bs 123, 126, network controller 130 
is able to determine (810) that the BFN difference between 
the first and second coverage areas, that is, between the 
transmissions by Node B 123 and transmissions by Node B 
126, is 1059. Network controller 130 may then synchronize 
(812) transmission of an MBMS service by each of first 
Node B 123 and Second Node B 126 based on the deter 
mined BFN difference. For example, assume that for the first 
coverage area or Node B 123, the starting SFN for the 
MBMS service that is being soft combined is set to X. 
Network controller 130 then may set the starting SFN for the 
same service in the second coverage area, that is, at Node B 
126, to X--1059. Logic flow 800 then ends (814). 
0091 Thus communication system 100 provides for a 
synchronization, by a UE, of received MBMS data that is 
multicast to the UE via each of multiple Node Bs so that the 
UE may soft combine the data and further provides for a 
synchronization by a network controller of the multicasts of 
the MBMS data by the multiple Node Bs. 
0092. While the present invention has been particularly 
shown and described with reference to particular embodi 
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ments thereof, it will be understood by those skilled in the 
art that various changes may be made and equivalents 
substituted for elements thereof without departing from the 
scope of the invention as set forth in the claims below. 
Accordingly, the specification and figures are to be regarded 
in an illustrative rather then a restrictive sense, and all Such 
changes and Substitutions are intended to be included within 
the scope of the present invention. 
0093 Benefits, other advantages, and solutions to prob 
lems have been described above with regard to specific 
embodiments. However, the benefits, advantages, Solutions 
to problems, and any element(s) that may cause any benefit, 
advantage, or solution to occur or become more pronounced 
are not to be construed as a critical, required, or essential 
feature or element of any or all the claims. As used herein, 
the terms “comprises.'comprising,” or any variation 
thereof, are intended to cover a non-exclusive inclusion, 
Such that a process, method, article, or apparatus that com 
prises a list of elements does not include only those elements 
but may include other elements not expressly listed or 
inherent to Such process, method, article, or apparatus. 
Furthermore, unless otherwise indicated herein, the use of 
relational terms, if any, Such as first and second, top and 
bottom, and the like are used solely to distinguish one entity 
or action from another entity or action without necessarily 
requiring or implying any actual such relationship or order 
between Such entities or actions. 

What is claimed is: 
1. A method for providing soft combining scheduling 

information associated with a Multimedia Broadcast/Multi 
cast Service (MBMS service) comprising: 

setting up a multicast of the MBMS service at each Node 
B of a plurality of Node Bs; and 

conveying soft combining scheduling information for 
each Node B of the plurality of Node Bs to a user 
equipment via a single Node B of the of the plurality of 
Node BS. 

2. The method of claim 1, wherein the plurality of Node 
Bs comprises at least one neighbor Node B and wherein the 
Soft combining scheduling information comprises a trans 
mission delay for the at least one neighbor Node B. 

3. The method of claim 2, wherein the soft combining 
scheduling information further comprises service scheduling 
information that comprises a reference start time for the 
service and a scheduling duration for the service. 

4. The method of claim 2, wherein the transmission delay 
remains constant during the scheduling duration. 

5. The method of claim 2, wherein the transmission delay 
is approximately the same during a scheduling period or 
modification period regardless of which MBMS service of a 
plurality of MBMS services is provided by all of the Node 
Bs of the plurality of Node Bs. 

6. The method of claim 2, further comprising synchro 
nizing a start time of each Node B of the plurality of Node 
Bs in order to limit the transmission delays. 

7. The method of claim 2, wherein the transmission delays 
are Small enough Such that the user equipment may store and 
combine soft information of the transmissions with a buffer 
of predetermined size. 

8. The method of claim 1, wherein the soft combining 
scheduling information comprises service scheduling infor 
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mation for the MBMS service that is specific to each Node 
B of the plurality of Node Bs. 

9. The method of claim 8, wherein the soft combining 
scheduling information comprises a specific start time for 
the MBMS service at each Node B of the plurality of Node 
BS. 

10. The method of claim 8, wherein transmission delays 
between each Node B of the plurality of Node Bs differ 
depending upon which MBMS service of a plurality of 
MBMS services is provided by all of the Node Bs of the 
plurality of Node Bs. 

11. The method of claim 1, further comprising synchro 
nizing a start time of each Node B of the plurality of Node 
Bs in order to limit transmission delays between the plurality 
of Node BS. 

12. The method of claim 1, wherein the transmission 
delays are Small enough Such that the user equipment may 
store and combine soft information of the transmissions with 
a buffer of predetermined size. 

13. The method of claim 1, wherein each Node B of the 
plurality of Node Bs uses a same scheduling duration. 

14. A method for providing soft combining scheduling 
information associated with a Multimedia Broadcast/Multi 
cast Service (MBMS service) comprising: 

setting up a multicast of the MBMS service at each Node 
B of a plurality of Node Bs, wherein the plurality of 
Node Bs comprise a serving Node B and a neighbor 
Node B: 

determining a start time for the neighbor Node B: 
determining an indicator that identifies a specific time as 

a start time for a multicast of the MBMS service by the 
neighbor Node B: 

conveying a Transmission Time Interval size of a trans 
mission that may be soft combined to a user equipment 
via the serving Node B; and 

conveying the indicator to a user equipment via the 
serving Node B. 

15. The method of claim 14, further comprising convey 
ing an indication of a start time of the MBMS service on the 
serving Node B to a user equipment via the serving Node B. 

16. The method of claim 14, wherein the indicator that 
identifies a specific start time is determined in association 
with the start time. 

17. The method of claim 14, wherein the indicator that 
identifies a specific start time is determined in association 
with the start time and a maximum Transmission Time 
Interval size. 

18. The method of claim 14, further comprising: 
receiving, by the user equipment, the indicator and the 

Transmission Time Interval (TTI) size; and 
determining, by the user equipment, a start time and the 
TTI size for the neighbor Node B based on the received 
indicator and the TTI size. 

19. The method of claim 18, wherein determining, by the 
user equipment (UE), a start time for the neighbor Node B 
comprises: 

determining a maximum Transmission Time Interval 
(TTI) size of TTI sizes of transmissions that may be 
soft combined; 
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determining a potential start time for the neighbor Node 
B based on the maximum TTI size; 

determining, in association with the potential start time, a 
start time indicator; and 

determining a start time for the neighbor Node B based on 
the start time indicator determined by the UE and the 
start time indicator received by the UE. 

20. The method of claim 19, wherein determining a start 
time for the neighbor Node B comprises matching the start 
time indicator received by the user equipment (UE) with a 
start time indicator of the plurality of start time indicators 
determined by the UE. 

21. The method of claim 14, wherein the start time 
indicator is derivative of information that identifies a starting 
frame. 

22. A method for determining a start time for a multicast 
of a Multimedia Broadcast/Multicast Service (MBMS ser 
vice) comprising: 

receiving, via a serving Node B, an indicator that identi 
fies a specific time as a start time for a multicast of the 
MBMS service by a neighbor Node B and a Transmis 
sion Time Interval (TTI) size; and 

determining a start time and a TTI size for the neighbor 
Node B based on the received indicator and the TTI 
size. 

23. The method of claim 22, wherein determining a start 
time for the neighbor Node B comprises: 

determining a maximum TTI size of TTI sizes of trans 
missions that may be soft combined; 

determining a potential start time for the neighbor Node 
B based on the maximum TTI size; 

determining, in association with the potential start time, a 
start time indicator; and 

determining a start time for the neighbor Node B based on 
the start time indicator determined by the UE and the 
start time indicator received by the UE. 

24. The method of claim 23, wherein determining a start 
time for the neighbor Node B comprises matching the start 
time indicator received by the user equipment (UE) with the 
start time indicator determined by the UE. 

25. The method of claim 22, wherein the start time 
indicator is derivative of information that identifies a starting 
frame. 

26. A network controller that that provides soft combining 
scheduling information associated with a Multimedia 
Broadcast/Multicast Service (MBMS service), wherein the 
network controller is configured to set up a multicast of the 
MBMS service at each Node B of a plurality of Node Bs and 
to convey soft combining scheduling information for each 
Node B of the plurality of Node Bs to a user equipment via 
a single Node B of the of the plurality of Node Bs. 

27. The network controller of claim 26, wherein the 
plurality of Node Bs comprises at least one neighbor Node 
B and wherein the soft combining scheduling information 
comprises a transmission delay for the at least one neighbor 
Node B and service scheduling information for the MBMS 
service. 

28. The network controller of claim 27, wherein the soft 
combining scheduling information further comprises service 
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scheduling information that comprises a reference start time 
for the service and a scheduling duration for the service. 

29. The network controller of claim 27, wherein the 
transmission delay remains constant during the scheduling 
duration. 

30. The network controller of claim 27, wherein the 
transmission delay is approximately the same during a 
scheduling period or modification period regardless of 
which MBMS service of a plurality of MBMS services is 
provided by all of the Node Bs of the plurality of Node Bs. 

31. The network controller of claim 27, wherein the 
network controller is further configured to synchronize a 
start time of each Node B of the plurality of Node Bs in order 
to limit the transmission delays. 

32. The network controller of claim 26, wherein the soft 
combining scheduling information comprises service sched 
uling information for the MBMS service that is specific to 
each Node B of the plurality of Node Bs. 

33. The network controller of claim 32, wherein the 
scheduling information comprises a specific start time for 
the MBMS service at each Node B of the plurality of Node 
BS. 

34. The network controller of claim 26, wherein trans 
mission delays between each Node B of the plurality of 
Node Bs differ depending upon which MBMS service of a 
plurality of MBMS services is provided by all of the Node 
Bs of the plurality of Node Bs. 

35. The network controller of claim 26, wherein the 
network controller is further configured to synchronize a 
start time of each Node B of the plurality of Node Bs in order 
to limit between the plurality of Node Bs. 

36. The network controller of claim 26, wherein each 
Node B of the plurality of Node Bs uses a same scheduling 
duration. 

37. A network controller that provides scheduling infor 
mation associated with a Multimedia Broadcast/Multicast 
Service (MBMS service), wherein the network controller is 
configured to set up a multicast of the MBMS service at each 
Node B of a plurality of Node Bs, wherein the plurality of 
Node Bs comprise a serving Node B and a neighbor Node 
B, determine a start time for the neighbor Node B, deter 
mine, in association with the start time, a start time indicator, 
wherein the start time indicator corresponds to a starting 
frame, convey a Transmission Time Interval size of a 
transmission that may be soft combined to a user equipment 
via the serving Node B, and convey the start time indicator 
to a user equipment via the serving Node B. 

38. The network controller of claim 37, wherein the 
network controller is further configured to convey an indi 
cation of a start time of the MBMS service on the serving 
Node B to the user equipment via the serving Node B. 

39. The network controller of claim 37, wherein the start 
time indicator that identifies a specific start time is deter 
mined in association with the start time. 

40. The network controller of claim 37, wherein the start 
time indicator that identifies a specific start time is deter 
mined in association with the start time and a maximum 
Transmission Time Interval size. 

41. The network controller of claim 37, wherein the start 
time indicator is derivative of information that identifies the 
starting frame. 
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42. In a wireless communication system wherein a Mul- determine a start time for the neighbor Node B based on 
timedia Broadcast/Multicast Service (MBMS service) is the start time indicator determined by the UE and the 
delivered by multicast via each Node B of a plurality of start time indicator received by the UE. 
Node Bs and wherein the plurality of Node Bs comprise a 43. The user equipment (UE) of claim 42, wherein the UE 
serving Node B and a neighbor Node B, a user equipment 
(UE) that determines a start time of the multicast by the 
neighbor Node B, wherein the user equipment is configured 
tO: 

determines a start time for the neighbor Node B by matching 
the start time indicator received by the UE with the start time 
indicator determined by the UE. 

44. The user equipment of claim 42, wherein each start 
determine, in association with a potential start time of an time indicator is derivative of information that identifies a 
MBMS transmission by the neighbor Node B, a start frame associated with the start time indicator. 
time indicator, 

receive a start time indicator that corresponds to a start 
time for the neighbor Node B, and k . . . . 


