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1 Introduction

MTCH scheduling was discussed at the recent RAN2 MBMS Ad Hoc Meeting [1], [2]. It was agreed to carry scheduling information synchronously on the same S-CCPCH as the MTCH. So far, there has been no agreement on how scheduling and DRX are to work when operated in conjunction with combining. To enable scheduling and DRX to work in conjunction with combining, this contribution discusses the following,
· how a UE might utilise scheduling and other information provided in its current cell for selective combining and maximum ratio combining

· under what circumstances a UE may be able to exploit DRX 
· what information needs to be carried on the MCCH or on some other channel
Some principles are proposed for agreement and inclusion in TS 25.346.
2 Discussion
There are three main options for mapping MTCH to FACH to S-CCPCH as shown by Figure 1 to Figure 3.
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No Explicit Scheduling, No DRX

In Figures 1, 2 and 3, no explicit scheduling is provided and the UE is unable to implement DRX. 
In Figure 1, a UE must support many S-CCPCHs simultaneously to receive several MBMS services simultaneously. MBMS services can be started or ended without impacting other MBMS services. For services provided continuously or at constant rate (e.g. streaming, file distribution, software download) Figure 1 is efficient, in terms of using radio resources and UE processing, However, it is not efficient for services which are bursty, variable bit rate or provided intermittently.
In Figures 2 and 3, a UE is not required to support several S-CCPCHs simultaneously. Starting or ending an MBMS service generally causes interruption to other MBMS services due to radio bearer reconfiguration
. Services provided continuously or at constant bit rate are efficiently supported. Multiplexing of transport channels or logical channels enables radio resources to be more efficiently utilised for bursty or intermittent services. 
If a UE wishes to receive one or two MBMS services it may use more power when transport channel or logical channel multiplexing is used, since the bandwidth of the S-CCPCH carrying multiple MBMS services will generally be substantially more than an S-CCPCH carrying only one.

Selective combining and /or maximum ratio combining can be implemented in all three scenarios. A UE uses MTCH radio bearer information parameters provided on the MCCH (in its current cell) when combining. Combining requires the accurate co-ordination of scheduling/multiplexing in those cells providing combining for a particular MBMS service.
3.2
Explicit Scheduling and DRX

Explicit scheduling can be added to scenarios shown by Figure 2 and 3 (giving Figures 2A, 3A and 3B
), enabling DRX implementation (for continuous/constant bit rate and for bursty/intermittent services). A UE implementing DRX wishing to receive one or two MBMS services uses less power by receiving S-CCPCH for certain periods only. This also enables the UE to perform certain measurements in the periods where it is not receiving S-CCPCH.
It is proposed that scheduling information is provided via an MSCH (MBMS Scheduling control Channel). This was discussed and agreed in principle at the RAN2 MBMS Ad Hoc [5].
We assume that scheduling information, e.g. periodicity, for the MSCH itself is indicated on the MCCH. When the UE attempts to receive an MBMS service details of the MTCH and MSCH are obtained from the MCCH (radio bearer information for the MTCH and radio bearer information, including scheduling information, for the MSCH).
When selective combining and/or maximum ratio combining is provided the UE uses MTCH radio bearer information parameters provided on the MCCH and scheduling information obtained from the MSCH (in its current cell). This means that sufficient error control coding needs to be applied to the MSCH to provide reception at the cell edge. This suggests that the MSCH should be carried on a separate FACH (Figures 2A and 3B).
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3.2.1
Maximum Ratio Combining (TDD)

If maximum ratio combining is indicated on the MCCH then Node Bs are synchronised [3] and the UE performs maximum ratio combining using MTCH radio bearer information and scheduling information received in its current cell (on the MSCH). The UE need only receive for the scheduled service duration since the simulcast transmissions must occur in the same radio frame.
3.2.2 Selective Combining (TDD and FDD)
If selective combining only is indicated on the MCCH then we assume that the maximum delay difference between cells is indicated by T1 [4].  The value of T1 may be different for different services and cell groups so the value of T1 should be indicated on the MCCH.
Within a scheduling period, the maximum DRX period, TMAX, is given by
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Where 
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 is the service duration, 
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 is the scheduling periodicity, and TS  is the time to receive scheduling information.  We note that DRX is possible if 
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Example

Suppose a particular MTCH is scheduled to occur every 
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 ms and the time to receive the scheduling information is 40 ms. In 2 adjacent cells we assume that information is received as indicated by Figure 4, where the MSCH is assumed to be synchronised between the two cells and the MTCH is misaligned due to other service commitments. In this example the maximum DRX period 
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The UE is able to perform selective combining by UE using MTCH radio bearer information and scheduling information received in its current cell (on the MSCH)
. The UE can exploit DRX only if 
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3 Proposal
It is proposed to extend the agreements made during the RAN2 MBMS Ad Hoc [5] on scheduling, combining and out-of-order RLC-UM by agreeing the following principles:
1. A logical channel that carries scheduling information for MTCHs shall be known as the MBMS Scheduling control channel (MSCH).
2. The UE is assumed to read the MSCH in its current cell only.

3. If selective combining or maximum ratio combining is used, the MSCH should be on a FACH which does not transport a MTCH.
4. Scheduling information and other radio bearer parameters for a MSCH shall be provided on the MCCH.
5. The value of T1 shall be indicated on the MCCH if selective combining is indicated.

6. In the case that selective combining is indicated and the UE implements DRX, the UE should receive for the scheduled service duration plus T1 (to receive in the current cell and the neighbour cells)

7. In the case that maximum ratio combining is indicated the UE need only receive for the scheduled service duration since simulcast transmissions must occur in the same radio frame.
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Figure 3: Logical channel multiplexing, MTCHs are mapped to a single FACH (FACH is mapped to single S-CCPCH)
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Figure 1: No multiplexing, each MTCH is mapped to a separate FACH and each FACH carrying MTCH is mapped to separate S-CCPCH
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Figure 2: Transport channel multiplexing, each MTCH is mapped to a separate FACH and FACHs carrying MTCHs are mapped to a single S-CCPCH
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Figure 2A: Transport channel multiplexing with explicit scheduling, each MTCH is mapped to a separate FACH and FACHs carrying MTCHs are mapped to single S-CCPCH for efficient support intermittent/bursty services, MSCH provided on separate FACH
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Figure 3A: Logical channel multiplexing with explicit scheduling, MTCHs mapped to a single FACH (FACH mapped to single S-CCPCH), MSCH provided on the same FACH
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Figure 4: Example - UE performs selective combining with delay difference of 120 ms between cells
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Figure 3B: Logical channel multiplexing with explicit scheduling, MTCHs mapped to a single FACH (FACH mapped to single S-CCPCH), MSCH provided on  a separate FACH
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� If logical channel channel multiplexing is used then in theory this could be avoided, at the expense of radio resource efficiency, by over dimensioning the FACH/S-CCPCH to accommodate additional MTCHs that may be added in future.


� In principle scheduling could be added to Figure 1 but since the scheduling would be applicable only to one service the benefits are unclear. 


� In theory it may be possible for  the UE to obtain MTCH radio bearer information (including scheduling information) from MCCHs of neighbour cells. However this is not thought to be generally practical.
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