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10001] METHOD AND SYSTEM FOR CONTROLLING THE
DISTRIBUTION OF MULTIMEDIA BROADCAST SERVICES

[0002] FIELD OF THE INVENTION

10003] The present invention generally relates to wireless communications.
More particularly, the present invention is directed to providing at least one or
more Multimedia Broadcast Services (MBMS) in a wireless communication
system, such as Time Division Duplex (TDD), Frequency Division Duplex (FDD),
code division multiple access (CDMA) and/or Universal Mobile

Telecommunications System (UMTS).

[0004] BACKGROUND |

[0005] The third generation partnership project (3GPP) wideband CDMA
(W-CDMA) system is outlined in the operational scenarios for UMTS releases
R99/R4 and R5. This system utilizes TDD and FDD modes and employs multiple
common and dedicated channels for establishing a communications link. The
Downlink (DL) common channels include at least one primary common control
physical channel (P-CCPCH) containing the BCH (broadcast channel) and/or at

least one secondary common control physical channel (S-CCPCH) containing a

forward access channel (FACH).
10006} The communications link is typically established using a wireless .
transmit/receive unit (WTRU). A WTRU includes but is not limited to a user
equipment, mobile station, fixed or mobile subscriber unit, pager, or any other
type of device capable of operating in a wireless environment. These exemplary
types of wireless environments include, but are not limited to, wireless local area
networks and public land mobile networks. The WTRUSs described herein are
capable of operating in a time slotted mode or a frequency divided mode such as
TDD and FDD respectively. A "base station" includes but is not limited to a
Node B, site controller, access point or other interfacing device 1n a wireless
environment.

[0007] It 1s known that link performance at the cell edge of a multi-cell

wireless communication system has long been a concern, particularly for common
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channels. Link analyses have shown that a wireless WTRU on the cell edge will
have block error rates (BLERs) above 10% or even higher under certain fading
conditions. In addition, for optimization of capacity, it might be desirable to
locate an S-CCPCH in the same slot as the P-CCPCH.

10008] A special class of services offered by network operators and carried
by S-CCPCHs will be MBMS. In wireless communication systems, MBMS are
used to efficiently distribute a common data service to multiple subscribers.
[0009] MBMS differ from classic point-to-point (PtP) services such as
speech or bi-directional video-conferencing, in that a group of users are intended
receivers of the same message sent by the network. Realization of MBMS
therefore differs from PtP services in that the latter are usually sent over user-
dedicated physical channels, whereas the former are more appropriate to be sent
on common physical channels to be received by multiple WITRUs. The
requirements for MBMS in terms of data rate vary in the range of up to around
100 kbps, but the most common requirement indicates demand for MBMS at
around 64 kbps per cell, and 90% of users in the cell covered by the MBMS.
10010] The fundamental problem with providing MBMS in a CDMA system
is that unless dedicated channels are used, 1t 1s difficult to subject the physical
channel carrying MBMS to power control. Accordingly, the base station transmit
power must be set such that the user of the MBMS located most distant from the
base station in the serviced group can reliably receive the physical channel. In
essence, the base station must support the possibility that some user in the group
of N MBMS users is at the cell edge and, therefore, the transmit power is set
according to that user’s needs. However, for most of the users this power is far
more than sufficient. This creates a disproportionate amount of interference to
other users in the same and neighboring cells.

[0011] By way of example, preliminary studies for wideband W-CDMA
FDD show that in order to achieve coverage of more than 90% of the WI'RUs in a
representative FDD cell with the 64 kbit/second MBMS, typically around 30% of
the base station power would be required with MBMS sent on the physical
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channel. Also, it is noted that it is extremely difficult to service MBMS users at
cell edge at sustainable data rates.
[0012] Therefore, there is need for reducing such a large resource demand.
- To this end, several schemes for reducing the required power fraction for the
MBMS have been discussed to improve link performance of the MBMS channel.
| These include: 1) longer interleaving, i.e., longer transmission time intervals
(TTIs) with better time diversity, 2) transmit diversity for the MBMS channel,
and 3) improved channel coding. Using such techniques, the power fraction of an
FDD base station required for supporting the example 64 kbit/sec MBMS could

be reduced from 30% to around 10-20%.
[001.3] For UMTS narrowband TDD (NTDD) (1.28Mcps option), the high

interfefence levels created by the MBMS may be mitigated in the physical
channel timeslots (TS) by exploiting frequency reuse. This is possible in principle
because of the smaller bandwidth per NTDD carrier. For example, three
narrowband carriers can be supported within the 5 MHz spectrum allocation of
FDD or wideband TDD (WTDD).
10014] Using this scheme, some cells would transmit MBMS 1n a particular
timeslot, T'Sy, on a frequency f1, a second group in TSy but on a frequency 2, and
a third group in TS, but on a frequency f3. Because of the longer distance
between two base stations sending MBMS in the same TS on the same frequency,
more spatial separation is achieved, and therefore, less interference coming from
the MBMS TS is created to other cells. However, an operator must have these
three frequencies available in the deployment area. Techniques to reduce
transmit (Tx) powei' requirements include, for example, usage of longer TTI1
lengths, soft handover and Tx diversity.
[0015] As aresult of the previous discussions for universal terrestrial radio
access (UTRA) FDD, a reduction down to some 15-20% base station DL T'x power
is indicated for supporting 64kbit/sec reference MBMS on S-CCPCH.

[0016] Previous systems disclose the implementation of an R4-based LCR
TDD system in a deployment area with 3 low chip rate (LCR) carriersina 5 MHz

bandwidth and mapping the MBMS in this system onto an S-CCPCH contained

_3-
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In a single timeslot and assuming a frequency reuse factor 3 for this timeslot.

These results show that LCR TDD can provide MBMS up to 64 kbps at a block
error rate = 10% (BLER=10%) or around 16-32 kbps at BLER=1% could be
supported when using full base station Tx power in the S-CCPCH timeslot.
[0017] Furthermore, in a prior art communication system using a time-
domain reuse factor of 3, cells in set 1 would transmit their MBMS in TS,, cells
In set 2 would transmit their MBMS in TSy+1 and sets in cells in set 3 would
transmit their MBMS in TSn+2. Cells in set 1 do not use TSn+1 and TSno for any
transmission, both uplink (UL) and DL, cells in set 2 do not use TS, and T'Spi2for
any transmission and so on. This method works irrespective of the duration of
the MBMS data block, (i.e., is independent from its TTI). The average MBMS
data rate yielded per cell with this method is 170 kbps / cell and the timeslot
efficiency on MBMS T'Ss in the system 1s 170 kbps / 3 TSs = 56 kbps / TS.
[0018] Figure 1 shows an exemplary data frame sequence used by the
above-mentioned prior art communication system, whereby a data frame is
divided into TSs 1-15. The frames repeat and the T'S assignments remain the
same for subsequent frames until the TS is cleared or is speciﬁcally reassigned.
Each timeslot 1s potentially assigned a predetermined number of frames.
10019] Figure 2 is a diagram showing channel assignments used by the
above-mentioned prior art communication system. Cells in different sets are
assigned different timeslots. This arrangement is used when MBMS broadcasts
are transmitted from multiple sources which may have overlapping coverage
areas.

10020] To 1llustrate, WI'RU M1 in T'S; is assigned codes corresponding to
cells 1n a first set (set 1). WTRU M2 1n TS 2 is assigned codes corresponding to
cells in a second set (set 2), and WIRU M3 mn TS 3 1s assigned codes
corresponding to cells in a third set (set 3). This appears in Frame A and repeats
for subsequent frames until one or more of the assignments are changed.
[0021] Still referring to Figure 2, in Frame A 78, the set 1 cells are
assigned a first set of timeslots T'S1. The remainder of the timeslots T'S2-T'Sy, is

not used by set 1. The physical channel assignment for set 1 1s the entire

A
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S-CCPCH. The set 2 cells are assigned a second set of timeslots TSe. The
remainder of the timeslots T'S; and T'S3-T'Sn are not used by set 2. The physical
channel assignment for set 2 is the entire S-CCPCH. The set 3 cells are assigned
a third set of timeslots TS3. The remainder of the timeslots TS1-TS2 and TiS4-Ton
are not used by set 3. The physical channel assignment for set 3 i1s the entire
S-CCPCH. This pattern repeats for Frame B 80, with corresponding timeslots
TS1-T'S3 assigned to the cells in the different sets.

[0022] Note that the drawback of the above-mentioned prior art
communication system is that the timeslots TS1, T'S2 and T'S3 cannot be used for
other transmissions. Thus, if a timeslot 1s used for cells in one set, that timeslot
may not be used for cells in another set. It would be desirable to have a set of
TDD cells that are able to share a time-domain reuse pattern.

[0023] For proper application of radio resources, the Universal Terrestrial
Radio Access Network (UTRAN) tracks the number of active MBMS users.
Within each cell, for each MBMS the number of active users is used to determine
the type of transport and physical resources applied to the MBMS, and when to
initiate and terminate the MBMS in each cell.

10024] Services are established as a result of MBMS activation and
subscriber mobility. The mechanism envisioned to track MBMS wusers
incorporates Radio Reéource Control (RRC) layer 3 signaling for MBMS “joining™
(service activation) and cell update procedures to maintain the subscribers’
location. With these tools it is possible to know which users have activated the
service and in which cell the service needs to be distributed. '

[0025] Due to application of closed loop power control and transmit
diversity, dedicated channels are more efficient when the number of users of a
particular one of MBMS is small. When the number of users increases, the
dedicated channel efficiency gains do not compensate for the duplication of each
data stream, and common channels that provide a single data stream to multiple
subscribers are used. This method is known as transport/physical channel

switching and may be applied at anytime during an MBMS transmission.
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[0026] When common channels are used, it is not practical to apply ARQ
techniques ensure successful delivery. Therefore each MBMS transmission 1s
repeated to increase the probability of successful delivery. The number of
retransmissions takes into account the expected BLER of the transport and
physical resources applied to the service.

[0027] MBMS are transmitted several times to better ensure successful
delivery. The number to retransmissions is relative to the expected channel
quality. This number will take into account a worst case scenario to achieve an
expected Quality of Service (QoS). One example of this is when subscribers are
located at the cell edge and as a result there is a high BLER. Often subscribers
will experience better radio propagation conditions and vaill achieve successful
delivery well before the retransmissions complete.

[0028] In summary, several improvements are desired to overcome
deficiencies associated with conventional MBMS are desired. Firstly, there is a
need for a new scheme which supports UMTS WTDD and NTDD, and also
increases the capacity of common channels for offering MBMS. Secondly, a
system for improving resource efficiency using performance enhancing techniques
is desired whereby a set of TDD cells are configured to share a time-domain reuse
pattern. Thirdly, no explicate service delivery indication exists so that any
subscriber that has activated the MBMS will be billed for reception. Therefore, it
would be desired for the UTRAN to provide a sufficient number of

retransmissions to ensure reliable reception.

[0029] SUMMARY

[0030] The present invention is implemented in a wireless multi-cell
communication system which includes at least one network in communication
with one or more WTRUs. The communication system controls the distribution
of MBMS from the network to the WTRU. The communication system may be an

FDD or TDD communication system.
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10031] In one embodiment, the at least one WTRU activates the MBMS.
The WTRU provides a periodic update to the network indicating a first one of the
cells of the communication system that the WTRU is operating in. The network
distributes the MBMS to the WTRU. The network terminates the MBMS at the
WTRU when the WTRU either ceases to provide the periodic update or operates
1n a cell of the communication system that is different than the first cell.
10032] In another embodiment, the network distributes the MBMS to the
WTRU by transmitting a plurality of MBMS data transmissions. The WTRU
indicates to the network that all of the MBMS data transmissions have been
recelived. The network then terminates the MBMS data transmissions.

[0033] In yet another embodiment, the network segments the MBMS into a
plurality of individual data segments and transmits each of the MBMS data
segments to the WITRU. The WTRU stores in a memory therein each MBMS
data segment that is properly received by the WT'RU. The WTRU identifies to
the network at least one MBMS data segment that was not properly received by
the WTRU. The network only retransmits the identified MBMS data segment to
the WTRU.

[0034] Prior to transmitting the MBMS data segments, the network may
indicate to the WTRU when each of the MBMS data segments is to be
transmitted to the WTRU and how many data segments the MBMS comprise.
Each MBMS data segment may include at least one cyclic redundancy check
(CRC) used to validate the Successful delivery of the MBMS data segment by the
WTRU. An operator of the network may determine whether or not the WI'RU
has received all of the data segments of the MBMS so as to facilitate billing.
10035] In yet another embodiment, the network segments the MBMS into a
plurality of individual MBMS data segments scheduled to be transmitted at
different times to the WI'RU. The network indicates to the WTRU the different
scheduled times and how many data segments the MBMS comprise. The
network transmits the MBMS data segments to the WITRU at the different
scheduled times. The WTRU activates a receiver therein at the different
scheduled times to receive the MBMS data segments transmitted by the network.

7.
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The WTRU identifies to the network at least one MBMS data segment that was
not properly received by the WI'RU. The network indicates to the WTRU an
allocated time when the identified MBMS data segment is to be transmitted to
the WTRU. The network only retransmits the identified MBMS data segment to
the WTRU. The WTRU activates the receiver therein at the allocated time to
receive the retransmitted MBMS data segment.

[0036] In yet another embodiment, the WTRUSs, operating in a specific one
of the cells of the communication system, activates the MBMS. The network
determines the number of WIT'RUSs operating in the specific cell that activated the
MBMS. The network allocates resources to the specific cell based on the
determined number of WTRUs. The network distributes the MBMS to the
WTRUs using the allocated resources. The network terminates the MBMS at the
WTRUs and reallocates the resources of the network when all of the WTRUs
deactivate the MBMS.

[0037] BRIEF DESCRIPTION OF THE DRAWING(S)

[0038] A more detailed understanding of the invention may be had from the
folloWing description of preferred embodiments, given by way of example and to
be understood in conjunction with the accompanying drawings wherein:

[0039] Figure 1 illustrates an exemplary data frame sequence used in a
prior art communication system in which one frame holds fifteen timeslots;
1004.0] Figure 2 is a diagram showing channel assignments used in a prior
art communication system in which unique timeslots are applied to cells 1n
different sets;

10041] Figure 3 is a flow chart showing the allocation of MBMS services to
cells in a TDD or FDD wireless multi-cell communication system according to one
embodiment of the present invention,;

[0042] Figure 4 is a diagram showing an example of implementing time-
domain reuse in a TDD communication system in which cells in different sets
share timeslots with cells in other sets but unique combinations of the timeslots

are applied to cells in different sets according to the present invention;

8.
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[004.3] Figure 5 shows an example of implementing time-domain reuse in
an FDD system in which overlapping assignments are used according to the
present invention;

1[0044] Figure 6 1s a block diagram of a communication system (either TDD
or FDD) that implements MBMS service deactivation to control
transport/physical channel switching and service termination according to one
embodiment of the present invention;

[0045] Figure 7 is a block diagram of a communication system (either TDD
or FDD) that implements a cell update procedure to control MBMS service
transmission in according to one embodiment of the present invention;

10046] Figure 8 1s a block diagram of a communication system that
implements delivery confirmations to reduce MBMS transmissions according to
one embodiment of the present invention; and

1004.7] Figure 9 is a block diagram of a system that implements MBMS

segmentation according to one embodiment of the present invention.

[0048] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

[004.9] The present invention will be described with reference to the
drawing figures wherein like numerals represents like elements.

[0050] Although the present invention has been described in conjunction
with TDD and FDD type wireless communication systems, it is important to note
that the present invention may be implemented in any type of wireless
communication system including TD-SCDMA and CDMA 2000.

[0051] Figure 3 1s a flowchart showing the steps implemented by a process
300 for distributing MBMS from a network (e.g., UTRAN) of a wireless multi-cell
TDD or FDD communication system to one or more WIT'RUSs in accordance with
one embodiment of the present invention. In step 305, a determination is made
as to what MBMS requirements are to be established for the communication
system. The MBMS requirements may define channel allocation parameter
specifications such as data rate, target BLER, TTI and/or the minimum number

of users, or the like.
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[0052] In step 310, the required resource units for each cell in the
communication system are determined based on their availability to be allocated
to the MBMS. For a TDD communication system, the resource units may include
physical channels which are defined by a specific carrier frequency, scrambling
code, an optional channelization code and a set of frames. As specified by
TS25.221, a physical channel in TDD is a burst, which is transmitted in a
particular timeslot within allocated radio frames. The allocation can be
" continuous, (i.e., the time slot in every frame is allocated to the physical channel),
or the allocation can be discontinuous (i.e., the time slot in a subset of all frames
is allocated only. For an FDD communication system, the resource units may
include physical channels which are defined by a specific carrier frequency,
scrambling code, an optional channelization code and a start and stop time for a
given duration. In step 315, the cells are organized into a plurality of sets (1.e.,
groups) of one or more cells in order to guarantee a certain level of the MBMS. In
step 320, the resource units are assigned to each set of cells in the communication
system.
[0053] In step 325, if an FDD communication system is used to perform
the process 300, then multi-frame allocations are used in step 335. If a TDD
communication system is selected to perform the process 300, a determination of
whether to use multi-frame allocations is made in step 330. The use of multi-
frame allocations may be based on the spatial separation (i.e., distance) between
the cells. When multi-frame allocations are used in either an FDD
communication system (step 335) or in a TDD communication system (as
indicated by the YES output of step 330), interference in the communication
system is minimized such that a certain service level of MBMS may be
guaranteed by establishing a repetition period for all of the cells and a subset of
the frames to be used for MBMS transmission per repetition period for each set of
cells (step 340). If, in the TDD communication system, it is determined not to use
multi-frame allocations, different combinations of T'Ss are provided for each set of

cells, using the same combination of TSs in each frame (step 345). It should be

_10-
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understood that the decision of step 330 may be implemented independently or in
conjunction with any one of the previous steps 305, 310, 315, 320.
[0054] In step 350, the assigned resource units are allocated in each cell in
the communication system for MBMS transmission. In step 355, the WTRUs
receive information indicating how to access the resource units allocated for
MBMS transmission. In step 360, the WTRUSs receive MBMS from one or more of
the cells. In step 365, a determination is made as to whether the MBMS
- requirements determined in step 305 are unchanged and still fulfilled. If the
MBMS requirements have not change and are still fulfilled, the process 300 loops
back to step 360 where the WTRUs continue to receive MBMS. If the MBMS
requirements change or are not fulfilled, the process 300 loops back to the
beginning of process 300 at step 305, such that new MBMS requirements can be
established.
[0055] According to the present invention, timeslot management is used to
reduce inter-cell interference, whereby timeslots are assigned to particular
frames and frames are assigned to cells in an advantageous manner. The
timeslot management allows each set of cells within a group of cells to maintain
optimum power. For TDD, the timeslot management insures that WI'RUSs
receiving DL signals experience minimum interference from other cells in these
timeslots. They can successfully decode received DL data on these channels,
minimizing a need for retransmissions and insuring coverage for high data rates
on these channels in the cell area. This is accomplished by assigning channel
assignments and timeslots to the WTRU in such a manner that sets of cells are
divided into groups, and each set of cells has a unique set of timeslot
assignments.
[0056] The present invention implements a time-domain reuse pattern on
a wireless communication system having a plurality of cells to support MBMS
services. The effect of time-domain reuse and frequency reuse to improve
reception quality are the same. In accordance with the present invention, the

time-domain reuse pattern ensures that some cells in the TDD deployment area

_11-
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will transmit their MBMS services in certain timeslots, which are left unused by
other cells. |

[0057] The TDD aspect of the present invention applies to the case of
conventional S-CCPCHs or DL shared channels in UMTS TDD R99 (3.84 Mcps
and 1.28 Mcps option) and beyond independent of a specific content (such as
MBMS) carried by it, but reliable service for MBMS is regarded as a very
important special case. Even without MBMS, the inventive techniques will
improve data rates and coverage achievable at cell edge. Without loss of
generality, the case of MBMS sent on S-CCPCH is considered; even if the
applicability of the method extends to any kind of service sent on any form of DL
common channel, (such as a DL Shared Channel). R5 introduces another type of
DL co..mmon channel for both FDD and TDD, 1i.e., the HS-DSCH.

10058] The effect of implementing the inventive channel assignment
techniques can be demonstrated by results derived from WTDD simulations. A
data rate of approximately 2 Mbps per WTRU in the DL can is achieved by
sending it data in 12 DL timeslots each filled with 16 spreading codes of SF=16.
A single timeslot, using all 16 SF=16 spreading codes yields therefore a data rate
of around 170 kbps if continuously sent every frame. In all the following
examples, it is presumed for simplicity that 1 full timeslot per frame is assigned
to the S-CCPCH or, equivalently to the MBMS. Also, 170 kbps per slot 1s
presumed.

[0059] In accordance with the present invention, the timeslots are
assigned in a manner which reduces interference which may occur when
broadcasting MBMS broadcasts and other broadcasts in overlapping coverage
areas. Timeslots are reused according to the requirements of MBMS within the
cells. This is performed irrespective of the duration of the MBMS data block and
is independent from TTIs.

[0060] In accordance with the present invention, if the same TS is used by
all cells, the use of multi-frame allocations and TTIs can be exploited
successfully. Within each predetermined group of sets of cells, the cells 1n each

set are assigned unique sets of S-CCPCHs.
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[0061]

timeslots are reused, in accordance with their repetition periods.

In accordance with the present invention, possible combinations of
This
establishes a time-domain reuse pattern. Ifthe same TS is to be used by all cells,
the use of multi-frame allocations and TTIs can be exploited successfully. With a
TTI = 20 ms (2 frames) per MBMS data block, a S-CCPCH per cell can be
allocated with repetition period of 80 ms (8 frames).
[0062] A first set of cells would transmit its MBMS in a given timeslot n in
frame m and m+l and not transmit anything in timeslot n in frames
m+2,....m+7. A second set of cells would transmit its MBMS in the same timeslot
n, but in frame m+2 and m+3, but not transmit anything in timeslot n in frames
m, m+1 and m+4,...,m+7. A third set of cells would transmit its MBM.S 1n the
same timeslot n, but in frame m+4 and m+5, but not transmit anything in
timeslot n in frames m,...,m+3 and m+6,...,m+7. Finally, a fourth set of cells

would transmit its MBMS in still the same timeslot n in frames m+6 and m+7,

but nothing in frames m,...,m+5.

[0063] The average MBMS data rate yielded per cell with this method 1s
170 kbps / 4 = 42 kbps / cell and the efficiency of MBMS TSs in the system 1is
170 kbps / 1 TS = 170 kbps / T'S. The system will experience an effective time-
domain reuse factor of 4 and practically no interference on the MBMS TSs. In
Table 1 below, "n'" denotes "a cell sends a S-CCPCH carrying MBMS in timeslot n

in this frame". No "n" implies that the cell sends nothing in this frame in this

“timeslot n.
Frame number | m m+l |m+2 |m+3 |m+4 |m+5 |m+6 | m+7
Cells in set 1 n n ] B .
Cells in set 2 n n ) )
Cells in set 3 ‘ n n
Cells in set 4 B - o n n
~ Tablel -

[0064]
MBMS TS, repetition period 40 ms with TTI=10 ms or 1 MBMS TS, repetition
period 160 ms and TTI1=40 ms.

This process generalizes to other possible combinations like 1
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[0065] Note that a time-domain reuse factor of 3 1s frequently used in prior
art communication systems and may be a highly attractive choice. This 1s
achievable in this concept by using a repetition period 60 ms with TTI=20 ms.
From the perspective of the physical layer, this is a straightforward variation.
There 1s a minor modification to the higher layer protocols, which currently only
support standardized repetition periods of 10, 20, 40, 80, 160, 320 and 640 ms.
This time-domain reuse pattern would potentially yield an average MBMS data
rate per cell of 170 kbps / 3 = 56 kbps / cell. Only one "free" TS is necessary to
accommodate the MBMS with this process.

[0066] In accordance with the present invention, a time-domain reuse of 2
1s achieved, with a potential for 170/2 = 85 kbps. If the same single TS 1is to be
used by all cells for MBMS, then with a repetition period of 40 ms, but a varying
TTI per cell set, the use of multi-frame allocations and TTIs can be exploited
successfully. In the Table 2 below, ‘n’ denotes that a cell set sends an S-CCPCH
carrying MBMS in timeslot n in this frame. No ‘n’ means that the cell set sends

nothing in this frame in this timeslot n.

Frame number m m+1 m+3 | m+4
Cells 1n set 1 n n
Cells in set 2 | n n
Cells in set 3 n n
Cells 1n set 4 n n
Cells in set 5 n n |
Cells 1n set 6 n n |
Table 2 -
10067] Note that cells in sets 1-4 allow for TTI = 20 ms (achieved by means

of using the "offset" parameter when doing the multi-frame allocations). Cells in
sets 5 and 6 do not support transmission in two consecutive slots. As a result,
cells in sets 5 and 6 are assigned time-separated TSs. It can be seen that each

set of cells has at least one slot where there is no intercell interference from any
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particular other set. Furthermore, three pairs can operate with one another with

no intercell interference:

[0068] (1) set 1 and set 2;

[0069] (2) set 3 and set 4; and

[0070] (3) set 6 and set 6.

[0071] Taking advantage of the redundancy in forward error correction

(FEC), successful operation is possible over most regions, while supporting up to
85 kbps and requiring only one slot per frame.

[0072] Node B sync is handled by assigning fractional usage of the time
slots. In this way, it is possible to support Node B sync using the sync bursts.
This approach was originaﬂy rejected using prior art methods because of
concerns that interference levels would prevent reliable detection. However, with
the present invention, it is now much more feasible for a cell to listen to
neighboring cells’ sync bursts during slots in which the cell is not transmitting.
[0073] Figure 4 is a diagram showing channel assignments used in a TDD
communication system using multi-frame assignments in accordance with the
present invention. Figure 4 provides an example of implementing time-domain
reuse using a combination of both different T'Ss and frames assigned to'i cells.
This modified technique is capable of overlapping assignments. Within each
predetermined group of sets of cells, the cells in each set are assigned unique sets
of S-CCPCHs. However, unlike in Figure 2, the present invention presents an
overlap between the sets of S-CCPCHs.

10074] As shown in Figure 4, the set 1 cells are assigned a first set of
timeslots TS1, TSz in each of the frames. The remaining timeslots TiS3-TiSa are
not used by set 1. The physical channel assignment for set 1 is the entire
S-CCPCH. The set 2 cells are assigned a second set of timeslots T'Ss, TS41n each
of the frames. The remainder of the timeslots T'S:-T'Sz and T'S5-T'S, are not used
by set 2. The physical channel assignment for set 2 is the entire S-CCPCH. The
set 3 cells are assigned a third set of timeslots T'Sz and T'S3 in each of the frames.

The remainder of the timeslots TS: and TS4-TS, are not used by set 3. The
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physical channel assignment for set 3 is the entire S-CCPCH. Timeslots assigned
to set 3 overlap with the timeslots assigned to set 1 and set 2.

[0075] Referring still to Figure 4, bringing in sets 4, 5 and 6 presents an
overlap of timeslots as well as a time separation of timeslots within a given
frame. The set 4 cells are assigned a fourth set of timeslots T'S1, T'S4 in each of
the frames. The remainder of the timeslots TSe2-TSs and T'Ss-T'Sy are not used by
set 4. The physical channel assignment for set 4 is the entire S-CCPCH. The
set 5 cells are assigned a fifth set of timeslots T'S; and T'S3 in each of the frames.
The remainder of the timeslots TS:, and TS4-TS, is not used by set 5. The
physical channel assignment for set 5 is the entire S-CCPCH. The set 6 cells are
assigned a sixth set of timeslots TSz and TS4 in each of the frames. The
remainder of the timeslots TSi, TSs and TSs-TSn are not used by set 6. The
physical channel assignment for set 6 is the entire S-CCPCH. Timeslots for one
or more of the sets overlap with timeslots from other sets. For example, timeslot
TS; assigned to set 1 overlaps timeslots T'S; assigned to set 4 and TS assigned to
set 5. Similarly timeslot T'Sz assigned to set 1 overlaps timeslot TSz assigned to
set 3 and timeslot T'S: assigned to set 6. There is no identical set of overlapping
timeslots between any two sets of cells, so therefore each set of cells has 1ts own
unique combination of timeslots assigned to it.

[0076] .During the timeslots, communications are allowed to overlap with
the timeslots and frames assigned to multiple sets of cells. The combinations are
such that there are no identical sets of overlapping timeslots or framés between
any two sets of cells, giving each set of cells its own unique combination of
timeslots and frames assigned to it.

10077} Figure 5 shows an example of implementing time-domain reuse in
an FDD system in which the multi-frame allocations of a TDD system, as shown
in Figure 4, may be extended to FDD. Figure 5 is a time-domain chart showing
the frame allocations in which each set of cells within a predetermined group of
sets of cells use the same S-CCPCH. The channel assignments depicted in
Figure 4 are limited to particular frames for each set of cells. However, the

S-CCPCH for each set uses shared frames. This assignment applies to all sets of
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cells, but within the predetermined group of sets of cells, the cells in each set are
assigned unique sets of S-CCPCHs. This modified technique is capable of
overlapping frame assignments. This provides that within the predetermined
sroup of sets of cells, the cells in each set are assigned unique sets of S-CCPCHes,
and there is overlap between the sets of S-CCPCHs.
[0078] Referring to Figure 5, the set 1 cells are assigned a first set of
frames corresponding to frames 101 and 102. The remainder of the frames 103A
and 103B are not used by set 1. The physical channel assignment 105 for set 11s
the entire S-CCPCH. The set 2 cells are assigned a second set of frames
corresponding to frames 111 and 112. The remainder of the frames 113A and
113B are not used by set 2. The physical channel assignment 115 for set 2 is the
entire S-CCPCH. The set 3 cells are assigned a third set of frames corresponding
to frame 121 and frame 122. The remainder of the frames 123A and 123B are
not used by set 3. The physical channel assignment 125 for set 3 1s the entire
S-CCPCH.
[0079] Referring still to Figure 5, bringing in sets 4, 5 and 6 introduces the
overlap of assignments. As can be seen in Figure 5, the set 4 cells are assigned a
fourth set of frames corresponding to frames 131 and 132. The remainder of the
frames 133A and 133B are not used by set 4. The physical channel assignment
185 for set 4 is the entire S-CCPCH. The set 5 cells are assigned a fifth set of
frames corresponding to frames 141 and 142. The remainder of the frames 143A
and 143B are not used by set 5. The physical channel assignment 145 for set 5 1s
the entire S-CCPCH. The set 6 cells are assigned a sixth set of frames
corresponding to frames 151 and 152. The remainder of the frames 153A and
153B are not used by set 6. The physical channel assignment 155 for set 6 1s the
entire S-CCPCH.
[0080] During the frames, communications are allowed to overlap with
frames assigned to multiple sets of cells. The combinations are such that there
are no identical sets of overlapping frames between any two sets of cells, giving

each set of cells its own unique combination of frames assigned to i1t.
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[0081] Referring to Figure 5, FDD channel assignment for the cells in
sets 1-4 allow for TTI=20 ms (achieved by setting up the S-CCPCH with the
correct SFN). FDD generally allows for asynchronous cell operation and the use
of asynchronous cell operation makes the inventive channel assignments in time
easier to handle. Cells in set 5 and 6 need to use TTI=10 ms.

[0082] According to the present invention, a time-domain reuse factor is
provide<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>