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1 Introduction
This document discusses issues relating to multiplexing and combining. It makes some proposals regarding multiplexing of MCCH, MSCH and MTCHs, and suggests that certain information should be provided on the MCCH, and certain other information should be provided on the MSCH.

Many of these proposals are consistent with the conclusions of RAN1[1] although different supporting arguments are used to reach similar conclusions.

Note: In this contribution we specifically avoid discussing mapping of MCCH, MSCH or MTCHs to S-CCPCHs. Logical channels are mapped to transport channels and transport channels are multiplexed to a coded composite transport channel, a CCTrCH. For TDD, the CCTrCH carrying FACH transport channels may be mapped to one or more physical channels, S-CCPCHs (see [5, 6]).
2 Discussion
Definitions

The following definitions of combining options are derived from [2].
A) Full Soft Combining: Everything on a CCTrCH of one cell is combined at the physical layer with everything on the CCTrCHs of other cells.

B) Selective Combining: RLC PDUs of a certain MTCH carried via a CCTrCH of one cell are combined with RLC PDUs of MTCHs of CCTrCHs of other cells.
C) Partial Soft Combining: During certain TTIs everything on a CCTrCH of one cell is combined at the physical layer with CCTrCHs of other cells.
D) Transport Channel Combinining (TDD): Each MTCH is mapped to a separate FACH and everything on a FACH carried on a CCTrCH of one cell is combined at the physical layer with FACHs of other cells.

For A) and C), in a TTI, when combining is applied each CCTrCH carries identical services, whereas for B) and D), only a subset of services carried on the CCTrCHs are identical. For A), if scheduling is provided, since the MSCH is provided on the same CCTrCH as the associated MTCHs, then the MSCH is subject to soft combining as well as MTCHs.
Principles
1. MCCH and MTCH should be mapped to separate FACHs:
In general, the set of services provided in each cell will be different and parameters related to the provision of the same services in each cell may be different. MCCH information is not therefore combinable. The MCCH must be accurately received at the cell edge. If the MCCH and MTCHs are provided via separate CCTrCHs then more transmit power can be applied to the S-CCPCHs carrying MCCH, thereby ensuring it is accurately received at the cell edge. If MCCH and MTCHs are provided via the same CCTrCH then more substantial forward error correction needs to be applied to the MCCH than to MTCHs which are subject to combining. This implies that the MCCH is carried via a separate FACH to the FACH(s) carrying MTCH(s).
2. MSCH and MTCHs should be on separate FACHs

For B, C and D the set of services provided on a CCTrCH for a period in each neighbour cell is assumed to differ. Therefore scheduling information related to the set of services carried on each CCTrCH in each neighbour cell must be assumed to differ. This means that MSCH information is not combinable. An MSCH must be accurately received at the cell edge. More substantial forward error correction needs to be applied to the MSCH than to the MTCHs which are subject to combining. This implies that the MSCH is carried via a separate FACH from the FACH(s) carrying MTCH(s).

Does option A) need to be distinguished from option C) as far as the UE is concerned? If the UE receives the MSCH and obtains scheduling information before applying combining at the times indicated then there would appear to be no need to distinguish them. Option A) could be regarded as a special case of Option C). In this case it should only be necessary to signal either combining option B), C) or D) on the MCCH rather than either combining option A), B), C) or D). (It might be appropriate to signal use of combining option A), B), C) or D) if processing within the UE is simplified.)
3. MCCH and MTCH should be on separate CCTrCHs

Here we assume initially that MCCH and MTCHs are on the same CCTrCH (as shown by Figures 2 and 3).

[image: image1]
Figure 1: MCCH, MSCH and each MTCH are mapped to separate FACHs and all FACHs are multiplexed to the same CCTrCH


[image: image2]Figure 2: MCCH and MSCH are mapped to separate FACHs and all MTCHs are mapped to a separate single FACH.

In the cases shown, option A) is not applicable since the CCTrCH on one cell cannot be combined with the CCTrCH of another in the neighbour cell list.
Options B), C) and D) can work albeit inefficiently since the times at which information is to be decoded on the MCCH, on MSCH, and on a particular MTCH, are likely to vary considerably. The UE has to decode the complete CCTrCH to extract MCCH and/or MSCH in order to determine when to process the CCTrCH for combining of a specific MTCH. For a CCTrCH supporting both MCCH and MTCHs, the radio bearer configuration information for the MCCH included in MBMS SYSTEM INFORMATION (on BCCH) would need to specify a more complex CCTrCH than one carrying MCCH only. This would impact overall scheduling of SIBs and would delay the acquisition of other SIBs by R99, R4 and R5 UEs. Use of separate CCTrCHs implies the mappings shown by Figures 3 or 4.

[image: image3]Figure 3: MCCH and MTCHs mapped to separate CCTrCHs, each MTCH is mapped to a separate FACH

[image: image4]
Figure 4: MCCH and MTCHs mapped to separate CCTrCHs, all MTCHs mapped to the same FACH
4. Combining and Synchronisation
If cells are not synchronised then some means of enabling the UE to internally synchronise transmissions before combining them is needed. The scheme that might typically be implemented involves the UE 

· buffering transmissions received in one cell until others have been received

· perfoming combining when all transmissions have been received

Such a scheme requires time offset information to be provided for each cell in the neighbour cell list. 

The scheme could be provided within the context of options A), B) and C).
The scheme is necessary when using options A) or C) when cells are not synchronised.

The scheme could also be used for option B) since even though RLC PDUs are combined some buffering is needed in order to receive an RLC PDU via several cells.
The scheme is not relevant to option D) since transmission of the same service occurs within the same TTI although in different slots.
In an implementation of the scheme, the UE would select a subset of cells in NEIGHBOURING CELL INFORMATION to use in combining and use the offsets, T1, T2, T3 etc., for each cell in the subset to internally synchronise transmission received in each cell by buffering received information for 
TB = max {│Ti - Tj│} ms, where i, j = 1, 2, …n (i ≠ j) and n = number of cells used in combining.
For exampale (see Figure 5), suppose that the UE selects to use cells X, Y, and Z for use in soft combining and that X has an offset of +10 ms, Y has an offset of 0 ms and Z has an offset of -10 ms.

[image: image5]
Figure 5. UE internally synchronises information received for combining. Information received via X is buffered for 20 ms whereas information received via Y must be buffered for 10 ms and information received via cell Z does not need to be buffered.
For such a scheme to work then time offset information should be included on the MCCH for each cell in the neighbour cell list.
Independent scheduling of services in each cell has been proposed [3, 4]. 

This could be provided within the context of option B) and C). For option D, transmission of the same service occurs within the same TTI but in different slots. Independent scheduling of services in cells is not appropriate to option A) since the notion of independent scheduling of services in cells is inconsistent with the definition of option A).
The scheme could be implemented using buffering scheme already outlined. However internal buffering process must be modified by adding the time offset for the specific service in the cell to the time offset for the cell.

In this case the transmission delay of the service in each specific cell must also be provided. In this case timing offset information associated per cell is adjusted by adding the transmission delay for the specific service for that cell. If independent scheduling of services in cells is provided then time offset information should be provided specific to the service in each cell on the MSCH.

In this case, if the transmission delay for service k in cell i is Sik then the UE buffers for

 TB = max {│(Ti+Sik) – (Tj + Sjk)│}
For example (see Figure 6), suppose in the previous example the scheduling delay for service 1 in cell X is 0 msecs, 60 ms in cell Y and 20 ms in cell Z. TB is therefore 60 ms

[image: image6]
Figure 6: Example illustrating internal buffering and processing delays within the UE when service specific scheduling is provided per cell.

The UE must therefore buffer for 60 msecs.

5. DRX and Scheduling

A UE will generally need to calculate the DRX period for a service.

If combining is not used to provide the service then the maximum DRX period, TMAX, is given by TMAX = TSP - TSD where TSP is the time interval in which the service transmission will occur and TSD is the duration of the transmission within that interval.

If combining is used to provide the service then TMAX is given by

TMAX = TSP – (TB + TSD) -TS
Where TS is the time taken to receive scheduling information (MSCH) within the period TSP. TSD, TSP and TS times are whole numbers of TTIs. DRX can only be exploited if TMAX > 0.
For option D) transmission of the same service occurs within the same TTI in all neighbour cells, hence TB = 0.
Service duration and MTCH transmission schedule should be indicated on the MSCH. The transmission scheduling of the MSCH should be indicated on MCCH.

For example, suppose a particular MTCH is scheduled to occur every TSP = 640 ms for a duration of TSD = 160 ms, TB = 60 ms and TS = 40 ms (here the TTI is assumed to be 40 ms) then TMAX = 640 – (120 + 60) – 40 = 420 ms.

[image: image7]
Figure 7: Example illustrating calculation of maximum DRX period, TMAX
3 Proposal
It is proposed that the following working assumptions are agreed with respect to combining:
1. MTCH and MCCH should be mapped to separate FACHs.
2. MSCH and MTCHs should be mapped to separate FACHs.
3. The network should signal which combining option is possible – option B, C or D (here we assume that option A is a special case of option C)).

4. MCCH and MTCHs should be mapped to separate CCTrCHs.
5. Cell time offset information should be included in the NEIGHBOUR CELL INFORMATION on the MCCH.
6. Any cell specific information related to independent scheduling of services should be provided on the MSCH.

7. The MTCH transmission schedule should be indicated on the MSCH for each service provided on the CCTrCH.
8. The predermined schedule of the MSCH (start time, duration and periodicity) should be indicated on the MCCH.
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