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1  Introduction

In RAN1 a number of contributions on MBMS for TDD have discussed timeslot re-use schemes [1], [2], [3] and [4], that offer greater capacity than non re-use schemes.  In [4] the gains from using timeslot re-use and macro-diversity for TDD mode point-to-multipoint MBMS transmissions were quantified.  Using this technique, potential MBMS throughputs of up to 354 kbps in a pedestrian-B channel may be achieved using only 3 timeslots whilst maintaining 10% outage for a 3.84Mcps TDD system.  The gain over a timeslot re-use system without macro-diversity is x 2.7, in this example.  Clearly, the magnitude of the gains achieved merits further consideration of the scheme.  Furthermore, in a LS from RAN1 [5], RAN2 and RAN3 have been asked to provide feedback on network complexities implied by MBMS simulcast.  Therefore, it is timely and appropriate to consider the impact of the TDD timeslot re-use, and macro-diversity with timeslot re-use, MBMS schemes in RAN2 and RAN3.  Text proposals to 25.346 [7] are suggested.
2  Overview of the scheme
2.1 Timeslot re-use

In a timeslot re-use scheme for MBMS, a cell is allocated a number of timeslots that are reserved for MBMS services yet these are only partially occupied with active transmission such that intercell interference at the edges of the cell is reduced.  The timeslots on which the cells actively transmit are dictated by a coordinated re-use pattern designed to minimise the number of users or locations experiencing poor SNIR and service outage.
For example, with a N= 3 timeslot re-use, with 3 timeslots reserved for MBMS (t1, t2 and t3), cells are allocated to one of three sets, set 1, set 2 or set 3.  Cells of set 1, exploit timeslot t1, but do not transmit in slots t2 and t3; cells of set 2 exploit timeslot t2, and do not transmit in t1 or t3; and so on.  There is no restriction on the usage of the MBMS timeslot in any individual cell: different services can be employed, p-t-p or p-t-m bearers may be used.  Indeed there is no reason why a timeslot could not be used for non-MBMS services if required (for example, if there are no MBMS joined users in a cell).
2.2 Non time-coincident macro diversity with timeslot re-use 

The UE receiver complexity impact associated with the inclusion of macro-diversity for TDD can be avoided by combining macro-diversity with timeslot re-use.  In this way the benefits of both timeslot re-use and macro-diversity can be used without significant UE complexity increase.

An MBMS logical channel is mapped to FACH transport blocks that are typically encoded over several radio frames (e.g. 20ms or 80ms TTI).  We consider the re-use pattern described above in Section 2.1, but impose the new restriction that the MBMS timeslots shall be used to carry the same MBMS service(s).  The physical channels that result are effectively transmitted three times; once by MBMS set 1 in timeslot t1, once by MBMS set 2 in timeslot t2, and once by MBMS set 3 in timeslot t3.  A sector assigned to a particular MBMS set transmits only on the timeslot assigned to that set – the other two timeslots are not used for transmission.
The diagram below shows such a scheme applied to a tri-sectored deployment.
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Figure 1
A given UE may be configured to listen to the three separate transmissions of the MBMS physical channels (one from each set) which, over the course of the TTI, correspond to the FACH transport block(s).  Due to the use of timeslot re-use, the receptions of the signals from each MBMS set are non-time-coincident and do not require the use of a modified receiver architecture – a normal “single-radio-link” TDD receiver may be used.  The received soft information may be buffered and combined across MBMS sets during the course of the TTI before transport channel processing and FEC decoding.  

3  RAN2 and RAN3 considerations
3.1 Considerations common to timeslot re-use and to timeslot re-use with macro diversity
The following aspects apply to both a MBMS with timeslot re-use (Section 2.1) and MBMS with timeslot re-use and macro diversity (Section 2.2):

3.1.1 Synchronisation

To use a timeslot re-use pattern the network needs to be synchronised at each Node B.   Whilst network synchronisation is not mandatory, most TDD manufacturers will choose to use it to eliminate or minimise the number of ‘crossed’ timeslots, timeslots that are downlink in one cell and uplink in another cell.
3.1.2  Coordination of re-use between RNCs

The RRM functionality at the RNC can establish the required re-use pattern in all Node Bs subtended by the RNC.  However, coordination between neighbouring RRM functions is not enabled by the standard as it stands.  The RRM strategy should compensate for the greater interference in the boundary areas, for example, by increasing the transmit power.
3.2  Additional considerations when using timeslot re-use with macro-diversity

3.2.1  Bearer type

Clearly the macro-diversity scheme shall use a point-to-multipoint bearer only.

3.2.2  Planning 

If an operator decides to offer a MBMS service over an area using re-use and  macro-diversity transmission, this transmission must take place over all the cells in this area, even if some cells contain no UEs that have joined the service.  This is discussed for FDD in [6].  Consider the outcome if transmission was to be keyed according to whether a cell contained any UEs that have joined the service.  UEs that have joined the service that lie towards the cell centre would probably still have sufficient C/I from their serving cell transmission to receive the transmission satisfactorily.  However, UEs that have joined the service that lie towards the cell edge are reliant upon the combined C/I from a number of transmissions, and may fall into outage. 
3.2.3 UE Capability

The method increases the data rate of the MBMS service.  If it is deployed then all UEs subscribing to the service must be able to decode and combine the multiple transmissions.  There is no MBMS UE capability defined, or to be defined in 25.346 [7].  However, it is TBD whether minimum capability for different MBMS service categories should be defined.  For example, based on the conclusions of [4], it could be stipulated that a 354 kb/s streaming category TDD MBMS service requires a UE with minimum capability to max ratio combine the content on three slots.
Although the gains of the macro-diversity method have been highlighted for high data rate service provision, even at low data rates there will be gains which will result in reduced power consumption of the S-CCPCH(s).  This could give capacity gains if the system is interference limited.  The mandating of the macro-diversity reception for all TDD mode MBMS UEs would guarantee that the benefits in terms of throughput/coverage could be utilised and would allow the operator to properly dimension the service.  However, this may require an assessment of the impact on the UE.
3.2.4  Signalling of the configuration to the UE

In [6] it was suggested that signalling is used to tell UEs which MBMS simulcasted content is available in each cell.  The TDD UE, capable of macro-diversity non time-coincident combining, needs to know whether non time-coincident simulcast of the desired service is in use, and on what physical resource it is being transmitted in neighbouring cells.  This signalling may be sent in either the MBMS SYSTEM INFORMATION (SIB) or the MBMS SERVICE INFORMATION / RADIO BEARER INFORMATION (MCCH).  Note, it is a requirement that the transport and logical channel information of a MBMS service is the same in each cell it is transmitted, for the combining to be possible.  Since this information is available on the MCCH in the serving cell of a UE, it does not need to be additionally signalled for the neighbour cells.
An alternative, with reduced signalling, would be for the UE to identify for itself where useful transmissions lie in the neighbour cells.  Basically it needs to read the BCCH in the neighbour cell to identify the location / properties of the MCCH.  The MCCH in the neighbour cell then carries details on the service IDs in the neighbour cell, and the bearer carrying the service.  If the UE lies near the cell centre, it may not be able to decode the neighbour cell information, but the benefits from the combining for such a UE would be small anyway, and it has good C/I conditions.  UEs near the cell edge should be able to decode the signalling in the neighbour cells allowing the UE to exploit possible macro-diversity gains.

In Releases 99, 4 and 5, depending on UE capabilities it is possible for UEs in Cell_DCH to read system information in a neighbour cell. This capability would have to extended to other UE states.  There is no requirement currently to read the FACH on neighbour cells for any UE state, so this would also be a new requirement. 

4  Text proposal for 25.346 [7]
<<<<<<<<<<<< start of text proposal >>>>>>>>>>>>>>>>>

7.1
UE Capability 

The UE MBMS capability is not sent to UTRAN and is subject to UE implementation, including the relation between MBMS capability and actual RRC state which is also a UE implementation. A consequence is that a UE may be counted although its actual capability does not allow to receive MBMS transmissions e.g. because of its current RRC state. Further optimizations to avoid counting UEs uselessly are FFS.

The standard will describe a minimum UE capability requirement in order to allow operators to configure MBMS channels that can be common to all UEs supporting the given service.

There may be a minimum UE capability defined per service category e.g. one for I/B MBMS UEs, one for MBMS video UEs, etc. This is FFS. The list of service categories would also need to be defined.

It is for FFS whether the capability of supporting non time-coincident macro diversity is mandated for all TDD mode UEs, or only for UEs that subscribe to certain MBMS service categories.  There are some UE capability requirements that are common to all eventual service categories:

The MBMS capable UE, in idle mode, CELL/URA_PCH and CELL_FACH states, is required to support simultaneous reception of following channels 

· two S-CCPCHs

· one S-CCPCH and one PICH

It is also required that MBMS capable UE is capable of receiving two PICHs simultaneously in idle mode and CELL/URA_PCH states.

The standard may restrict further the UE implementation options by defining certain capability combinations (FFS)

<<<<<<<<<<<<<<<<<<<<<<< end of text proposal >>>>>>>>>>>>>>>>>>>>>>>

<<<<<<<<<<<< start of text proposal >>>>>>>>>>>>>>>>>

8.2.2
MBMS Service Information
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Figure 1: MBMS service information signalling flow
This signalling flow is applicable for handling MBMS to UEs in PMM IDLE and CONNECTED mode. 
The purpose of the signalling flow is for RNC to inform UEs of all of MBMS services available in one cell.  The MBMS SERVICE INFORMATION message shall be transmitted periodically to support mobility in the MBMS service. 
The MBMS SERVICE INFORMATION message contains MBMS service ids and ptm indication. The MBMS service ids indicate the MBMS services which are being served in the cell or the MBMS services which can be served if the UE requests it. Ptm indication indicates that the MBMS service is on ptm in the cell, thus it informs the UE of the need of reception of the MBMS RADIO BEARER INFORMATION message.  The message shall indicate whether the service is being transmitted in non time-coincident simulcast (TDD mode only).  More information may be included in the MBMS SERVICE INFORMATION message. [FFS]
8.2.3
MBMS Radio Bearer Information
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Figure 2: MBMS radio bearer information signalling flow
This signalling flow is applicable for handling MBMS to UEs in IDLE and PMM CONNECTED mode. 
The purpose of the signalling flow is for the RNC to inform UE(s) regarding the MTCH radio bearer information. MBMS RADIO BEARER INFORMATION is only available for p-t-m transmission. MBMS RADIO BEARER INFORMATION includes MBMS Service Id, MBMS UTRAN Cell Group Identifier, logical channel, transport channel and physical channel information per MBMS service. An MBMS UTRAN Cell Group Identifier is used to indicate to UEs which MBMS Cell Group the cell pertains to. If a service is being transmitted in non time-coincident simulcast then the physical channel information for all transmissions shall be included (TDD mode only). More information may be included in MBMS RADIO BEARER INFORMATION. [FFS]
<<<<<<<<<<<<<<<<<<<<<<< end of text proposal >>>>>>>>>>>>>>>>>>>>>>>

<<<<<<<<<<<<<<<<<<<<<<< start of text proposal >>>>>>>>>>>>>>>>>>>>>>>

11.2  Simulcast of point-to-multipoint MBMS services

11.2.1  TDD mode

A timeslot re-use scheme using non time-coincident macro diversity may be deployed for point-to-multipoint service delivery.  The same MBMS service is transmitted from more than one cell; the timeslot used for the transmission in a given cell is determined by the timeslot reuse pattern.  The UE receives the transmissions in multiple slots and combines them in order to improve reception quality.

<<<<<<<<<<<<<<<<<<<<<<< end of text proposal >>>>>>>>>>>>>>>>>>>>>>>

5  Conclusions
Timeslot re-use and macro diversity for TDD promise very significant throughput gains for MBMS  (x 2.7 compared to a timeslot re-use pattern without macro diversity).  To introduce such a scheme there are new requirements within the RAN in the areas of :
- UE capability;

- MBMS service information and radio bearer information signalling;

- RRM (not subject to specification).

Text proposals to 25.346 to support these requirements have been suggested.
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