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1 Introduction

MBSFN operation and the structure of MCCH were discussed during RAN2#59 [1] and further progress was made during a subsequent email discussion [2].

In this paper we make further considerations on the functional split between P-MCCH and S-MCCH and the multiplexing of MCCH information.

2 P-MCCH and S-MCCH

The current understanding for the structure of MCCH is as follows [1-2]:

· The P-MCCH contains the following:

· Available services

· Scheduling of S-MCCH

· Modification flags for S-MCCH

Depending on the actual split of information content (FFS) there may be one or two P-MCCH channels indicated on the BCCH and transmitted in either:

· Single-Cell mode on DL-SCH

· MBSFN mode on MCH

· The S-MCCH contains the following:

· Access information per service

· RB information/configuration per service

There are two alternative options under discussion for the transmission of S-MCCH in MBSFN areas:

· Alternative 1: one S-MCCH per MBSFN area

· Alternative 2: one S-MCCH per cell, combining the information for services in all the MBSFN areas

· In addition, the following working assumptions have received broad support:

· Receiving an MBSFN service should not require reading cell-specific control data; it shall be possible to receive the scheduling information for MTCHs (i.e. the role performed by MSCH in UMTS) independently of the MCCH-like control data in UMTS

· Where possible, control data as well as user-plane traffic should be an MBSFN transmission

· Overlapping MBSFN areas could mean that some control information would not be MBSFN combinable (depending on how the overlap is managed)
· Certain scenarios such as a dedicated carrier could allow MBSFN transmission of more control data than the general case
These various options lead us to clarify the structure of P- and S-MCCH in the following definition, which we adopt in the rest of this paper:

· P-MCCH: contains available services and access information, scheduling & modification flags for S-MCCH

· S-MCCH: contains access information & RB information/configuration per MTCH service and access information & scheduling information for MSCH

· MSCH: contains the scheduling information for MTCH service (similar to UMTS MSCH)

· MTCH: contains the MBSFN service data

Without taking into consideration, at this stage, whether S-MCCHs are transmitted per MBSFN area or per cell, this is then how the reception of MBSFN services would operate:

· A UE reads from the P-MCCH the location of S-MCCH(s) for the services it is interested in receiving

· The UE then reads/monitors the S-MCCH for scheduling information of the MSCH and the MTCH (for the service that it is interested in receiving)

· The UE will monitor (with possible DRX) the MSCH for scheduling information of MTCH independently of the S-MCCH (and may stop/DRX the reading of S-MCCH altogether)

3 S-MCCH transmission mode

On the question of the transmission of S-MCCHs per MBSFN area or per cell, it is apparent that the key difference between various alternative options for the transmission of one or several S-MCCHs in one cell is that if the control information for several overlapping MBSFN areas is multiplexed together, the resulting totality of the S-MCCH control information may be unique to a specific cell.   

The choice between having one big S-MCCH for all services or multiple S-MCCHs will depend on the deployment scenarios (dedicated and/or mixed carrier, size and overlap of MBSFN areas):

· A one-for-all-services S-MCCH would be preferable in larger MBSFN areas (especially when the MBSFN areas are generally distinct – i.e. without overlaps); this may result in structural simplification where the P-MCCH could carry scheduling information for MTCH directly.

· In overlapping MBSFN areas, a one-for-all-services S-MCCH would have different S-MCCH control information and MSCH scheduling information in different cells, and therefore could not be transmitted in SFN mode without resulting in a very large amount of information to transmit (some of which would not be useful to UEs in a given cell).

The configuration of MCH resources, as well as the choice between multi-cell S-MCCHs or single-cell S-MCCH, will be made by an external function, such as the MCE as described in [3], which will perform the correct partition of S-MCCHs control information and the appropriate transport block allocation & mapping. The configuration of MBSFN areas, P-MCCH and S-MCCHs depending on the number of services is outside the scope of this paper.

4 Mapping & multiplexing of MBMS services

The hierarchical structure defined above is based on:

1. The general agreement that the MCCH should have a 2-level structure so that a UE should only have to monitor P-MCCH to track when the S-MCCH has been modified.

2. The functional split of control information:

· S-MCCH: control information for access to services and notification of changes – UMTS MCCH

· MSCH: scheduling information for MTCH – UMTS MSCH

On point 1., we can observe that the UE needs to decode the P-MCCH first in order to obtain the higher-level information about the available services in S-MCCH. This means that the P-MCCH must be coded and transmitted separately at the physical layer (i.e. on a separate PMCH physical channel) from S-MCCH (and MSCH/MTCH). The payload on P-MCCH would not fill the available resources in a subframe; in a multi-cell/multiple MBSFN areas configuration, the PMCH to which the P-MCCH of one MBSFN area is mapped would therefore need to be frequency-division multiplexed with other PMCHs. 

Since the time-frequency resources for MSCH and MTCH are indicated by the S-MCCH, the S-MCCH should also be mapped to its own MCH and PMCH.

On point 2., it has been suggested in [3] that the S-MCCH control information (as defined here) is transmitted periodically and only modified at modification period boundaries, as with UMTS MCCH, whereas the MSCH information may change in a shorter period than a modification period, e.g. a scheduling period: there could be a close coupling between the MSCH and the MTCH transmissions which could be exploited by time-multiplexing MSCH and MTCH on the same MCH.

This has an influence on the choice of transmission mode for the S-MCCH (per MBSFN area or per cell as discussed in section 3 above):

· If a single S-MCCH were to be transmitted per cell (in a multi-cell configuration of overlapping MBSFN areas) multiplexing of MSCH and MTCH on a single MCH would be simple. 
· However, in the case of multiple S-MCCHs (one S-MCCH per MBSFN area), the transmission of multiple time-multiplexed MSCH & MTCH on different MCHs would result in the fragmentation of scheduling information and excessive complexity for the UE to process and monitor channels.

In order to retain the efficiency of multi-cell transmission in LTE, i.e. when there are multiple S-MCCHs hence multiple MSCHs per cell that can each be transmitted in SFN mode (where each S-MCCH & MSCH combination indicate the resources & scheduling for MTCH channels in one of the SFN areas to which a cell belongs), it would be beneficial to use frequency-division multiplexing at the physical layer between the different MCHs that carry MSCHs:

· Some resource blocks in an MBSFN subframe could be used for an MCH carrying MSCH scheduling information, while another MCH in different resource blocks in the same MBSFN subframe could be used for MTCH traffic

· Alternatively, the same MBSFN subframe could be used for different MSCH channels, which would optimize the use of sub-frames for these low-data rate control channels

On a separate note, RAN1 took the working assumption in RAN1#48 [4] that MCH transport channels corresponding to different MBSFN areas are not multiplexed within the same subframe within a cell: As the structure of the MCCHs was unknown at the time of RAN1#48 and the issues discussed above could not therefore be discussed when the working assumption was reached, it would therefore be useful to ask RAN1 to check again whether it is really necessary to prevent frequency-division multiplexing of MCHs. 

(We note that the FDM of MCHs from different MBSFN areas does not alter the more fundamental RAN1 assumption that MBSFN and non-MBMS transmissions are not mixed in one subframe.)

5 Conclusions

We have presented the following structure for MCCH-related content:

· P-MCCH: contains available services and access information, scheduling & modification flags for S-MCCH

· S-MCCH: contains access information & RB information/configuration per MTCH service and access information & scheduling information for MSCH

· MSCH: contains the scheduling information for MTCH service (similar to UMTS MSCH)

· MTCH: contains the MBSFN service data

For optimized use of physical resources subframes, we propose that separate MCHs are able to be frequency-division multiplexed to carry multiple P-MCCH, S-MCCH or MSCH/MTCH in the same subframe, possibly from different MBSFN areas.

A draft LS to RAN1 is provided in [5].
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