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1 Introduction

At RAN2#60 [1], some details of signalling and multiplexing of MTCHs onto MBSFN subframes were agreed and specified in 36.300 [2].

In this paper we make further considerations on the multiplexing of MBSFN subframes in MSAP occasions.

2 Multiplexing of MBSFN subframes in MSAP occasions
2.1 Multiplexing of MCHs

Multi-cell transmission of MBMS (i.e. MCCH and MTCH mapped to MCH for p-t-m transmission) is characterised as follows in [2] (Section 15.3.3):
· A carrier frequency may support more than one MCH, where the physical resource allocation to a specific MCH is made by specifying a pattern of subframes, not necessarily adjacent in time, to that MCH. This pattern is called a MCH Subframe Allocation Pattern (MSAP).
· Multiple MBMS services can be mapped to the same MCH and one MCH contains data belonging to only one MBSFN Area.
· Whether there is a 1-to-1 mapping between MCH and MBSFN Area is FFS.
In addition, the agreed MCCH structure for multi-cell transmission in [2] (Section 15.3.5) states that:
· Multiple overlapping MTCH-MBSFN areas can result in multiple MCCHs, for which using different MBSFN areas should be possible (using Secondary MCCHs).
· The MCCH-MBSFN area is not necessarily the same as the MTCH-MBSFN area i.e. MCCH can be either on a different MCH than the MCH carrying “advertised” MTCH, or multiplexed on the same MCH as the one carrying “advertised” MTCH.
In [3] we looked at the consequences of having possible different coverage areas between MTCH(s) mapped to MCH and MCCH(s) mapped to MCH with the transmission of one or several S-MCCHs in one cell:

we noted that in the case of multiple S-MCCHs (one S-MCCH per MBSFN area, each corresponding to a set of multiplexed MTCHs), the transmission of multiple time-multiplexed S-MCCHs and MTCHs on different MCHs would result in the fragmentation of scheduling information and excessive complexity for the UE to process and monitor channels.
We therefore proposed to multiplex different MCHs that carry S-MCCHs into a single subframe, in order to retain the efficiency of multi-cell transmission in LTE when there are multiple S-MCCHs per cell that indicate the resources and scheduling for advertised MTCH channels in one of the SFN areas to which a cell belongs.  This would be particularly useful for the case where MCCH control information is transmitted in a cell where the advertised MTCH traffic is not transmitted, a deployment scenario that was agreed in [1]:

· For SC-PTM mixed case, the service can be indicated as available on MCCH without actual transmission in that cell. If a UE wants to receive the service, it should request service transmission.
However, RAN1 has agreed that 

“Multiplexing of MCH corresponding to different MBSFN areas within a subframe is not allowed, implying the need for only a single set if MCH-associated reference symbols in each subframe”
This means that if multiple MCCHs (or MCHs) are multiplexed into a single subframe, they should belong to the same MBSFN area. 

However, this could result in significant resource wastage, especially in a wide-bandwidth cell, and if there were multiple MCCHs for which there was no corresponding MTCH transmission. 
In order to optimize the transmission of such MCCH control information, and reduce bandwidth wastage that would result from allocating specific resource to that MCCH, it would be beneficial to send it on a MCH that is multiplexed with other MCHs in the same subframe:

in practice, this could be achieved by creating a “lowest common denominator” MBSFN area, comprised of the largest set of cells common to all multiplexed MCHs. In many cases this would comprise only a single cell.  This is illustrated in the figure below.
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There is a trade-off here: The more MCCHs are multiplexed into one subframe, the more efficiently the bandwidth can be used; however, there would typically be a loss of SFN gain as the effective SFA for this subframe became smaller. 
It would also be possible for other resource blocks in the same MBSFN subframe to be occupied by another MCH carrying an MTCH, provided that the SFA is the same.

However, some bandwidth wastage is still likely to arise, due to the difficulty of finding suitable MCH combinations to use the full system bandwidth in the allocated subframes for each SFA. Consequently, more efficient bandwidth usage could be achieved if frequency-division multiplexing of different SFAs within a single MBSFN subframe was permitted by RAN1. If RAN2 considers this to be a useful efficiency improvement, a corresponding LS should be sent to RAN1. 

Proposal 1:
MCHs carrying S-MCCHs from different MBSFN areas are multiplexed in time in different subframes, and MCHs carrying S-MCCHs for the same MBSFN area are multiplexed into the same physical subframe in order to optimize the use of subframes for low-data rate control channels.
In addition, consideration should be given to whether it is necessary to be able to multiplex different MBSFN areas in the frequency domain in the same subframe, e.g. in case of multiple low-rate MCCHs from different MBSFN areas. 
2.2 Multiplexing of MBSFN subframes in MSAP occasions

In [4] and [5], a model was presented for MSAP occasions for MBMS service multiplexing and scheduling in MBSFN multi-cell configuration, that was partially agreed at RAN2#60 [1].

Under the agreed details of this model [2], multiplexing of MBMS traffic (i.e. MTCH) occurs at MAC level:

· The MSAP for every MCH carrying MTCH is signalled on MCCH. At such an MSAP occasion:
· The eNB applies MAC multiplexing of different MTCHs to be transmitted on this MCH;
· Dynamic scheduling information can be provided in the MSAP occasion to assist the UE in choosing which subframes it needs to receive. It is FFS whether a separate scheduling channel (MSCH) is specified for this purpose.
It has also been suggested in [6] that scheduling and DRx information (MSCH) could be transmitted in-band within the same semi-statically reserved radio resources as a service (MTCH).
As stated in [3], we support the proposal for a scheduling information channel (MSCH), the transmission of which may be multiplexed with MTCHs in MSAP occasions.
The change of MSCH information i.e. the dynamic scheduling of MTCHs within a MSAP occasion could potentially occur at each MSAP occasion i.e. with a faster repetition period than the transmission period of S-MCCH control information, which would only be modified at modification period boundaries.
This may prove useful in order to provide further indication to a UE of the availability of MBMS services other than the ones transmitted in a given MSAP occasion or indeed in the same MBSFN area. Considering the example given in Section 2.1 of a MBSFN#1 area with MCCH transmitted in a cell and advertising MTCH services that are not transmitted in that cell, and an overlapping MBSFN#2 area where both MCCH and MTCHs are transmitted in the cell:

· if MCCH#1 were to be transmitted on a separate MCH#1 that were mapped and multiplexed onto different subframes from the ones used for MCH#2 that is received by the UE, the UE would have to perform different channel estimations before receiving MCH#1 and be able to check if the scheduling or availability information for MTCHs in MBSFN#1 area had changed;
· alternatively, it may be advantageous to introduce a MICH-like indication inside the MSCH#2 transmitted within the MSAP allocated to MCH#2, where MSCH#2 provides dynamic scheduling for MTCHs transmitted in MBSFN#2 area: this MICH-like indicator could inform the UE whether the MCCH#1 information had changed for MTCHs in MBSFN#1 area (that are not transmitted in the cell where the UE is receiving the MCCH#1) without the UE having to read MCCH#1
We propose that the use of MSCH information in MSAP subframes be further studied for optimization between the multiplexing within MSAP occasions at the MAC layer and the mapping of different MCHs in subframes at the physical layer.
It is likely that mapping the MSCH information to the beginning of the MSAP occasion is beneficial, as it would avoid the UE needing to receive the rest of the MSAP occasion if the MSCH information indicated that it was not relevant. 

Proposal 2:
We support the proposal to time-multiplex scheduling information (MSCH) together with MTCHs services within MSAP occasions.
3 Conclusions

We propose the following changes to 36.300 for the optimization of MBMS traffic multiplexing onto MSAP occasions and physical resources through MCH frequency-division multiplexing.

15.3.3
Multi-cell transmission

Multi-cell transmission of MBMS is characterized by:

-
Synchronous transmission of MBMS within its MBSFN Area;

-
Combining of MBMS transmission from multiple cells is supported;

-
MTCH and MCCH are mapped on MCH for p-t-m transmission;

-
The MBSFN Synchronization Area, the MBSFN Area, and the MBSFN Transmitting, Advertising, and Reserved cells are semi-statically configured e.g. by O&M 

-
Scheduling of each MCH is done by the MCE.
-
AMC based on non-AS level feedback is FFS.
A carrier frequency may support more than one MCH, where the physical resource allocation to a specific MCH is made by specifying a pattern of subframes, not necessarily adjacent in time, to that MCH. This pattern is called a MCH Subframe Allocation Pattern (MSAP). Multiple MBMS services can be mapped to the same MCH and one MCH contains data belonging to only one MBSFN Area. Whether there is a 1-to-1 mapping between MCH and MBSFN Area is FFS. The MSAP for every MCH carrying MTCH is signalled on MCCH. At such an MSAP occasion:
-
The eNB applies MAC multiplexing of different MTCH’s to be transmitted on this MCH;
-
Dynamic scheduling information can be provided in the MSAP occasion to assist the UE in choosing which subframes it needs to receive. A separate scheduling channel (MSCH) is specified for this purpose.

[…]

15.3.5
MCCH Structure
The following principles govern the MCCH structure:

-
BCCH indicates the scheduling of one or two Primary MCCH (one for single cell transmission on DL-SCH, one for multi-cell transmission on MCH) where the Primary MCCH on MCH can also point to additional Secondary MCCH(s) on MCH if any.

NOTE:
the need for Secondary MCCH(s) when the Primary MCCH is mapped on DL-SCH is FFS.

-
BCCH only points to the resources where the Primary MCCH(s) can be found i.e. it does not indicate the availability of the services.

-
The primary MCCH is sent on DL-SCH for single cell transmission and on MCH for multi-cell transmission on an MBSFN area.

-
Multiple overlapping MTCH-MBSFN areas can result in multiple MCCHs, for which using different MBSFN areas should be possible (using Secondary MCCHs).

-
The MCCH-MBSFN area is not necessarily the same as the MTCH-MBSFN area i.e. MCCH can be either on a different MCH than the MCH carrying “advertised” MTCH, or multiplexed on the same MCH as the one carrying “advertised” MTCH.
· Secondary MCCHs may be multiplexed in either time or frequency onto the same physical subframe in order to optimize the use of subframes for low-data rate control channels in overlapping MCCH-MBSFN areas
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