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1
Introduction

At WG2#65bis the topic of MCCH in LTE was discussed and although it was decided that the MCCH would be mapped onto MCH, a number of issues were identified as remaining open. This Tdoc discusses some of the open issues relating to MCCH for LTE.
2
Discussion 
The MCCH provides a UE with the information that is required to identify what MBMS services are available and how to receive them. The following are assumed to describe the constraints within which the MCCH is to be provided in LTE:
2.1
Specification of MCCH on BCCH
It has been agreed that MCCH will be mapped to MCH. BCCH must therefore provide the location of MCCH within the MBSFN resources that are defined for the cell; it must also provide the parameters that enable the UE to decode the transmission. The sub-frames that are assigned for MBSFN use within a cell are defined on BCCH in SIB2 and it seems sensible to define MCCH parameters in the same SIB.

SIB2 can define up to eight MBSFN sub-frame configurations (MBSFN-SubframeConfig), each defined by the parameters:- 
-
A 6 bit (one-frame) or 24 bit (four-frame) bit map indicating the sub-frames within a frame that are MBSFN;
-
A repetition period (1, 2, 4, 16, 32) indicating the interval (in frames) between repeats of the sub-frame pattern;

-
An offset (0-7) indicating a frame offset from the start of the repetition interval. 
It is understood that each frame pattern is likely to represent a separate MBSFN area although it is thought that implementations could allocate multiple patterns to the same MBSFN area, or a pattern might contain more than one MBSFN area. 
It is assumed here that MCCH will be provided in a subset of the sub-frames that are defined for a sub-frame configuration. This subset is believed to imply one sub-frame within the sub-frame bit-map and a repetition period, which would be a multiple of the configuration repetition period. The capacity of a single MBSFN sub-frame is thought to be sufficient to accommodate MCCH although this will need to be verified.
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The parameters signalled on BCCH could take one of two formats; either a separate MCCH configuration is provided e.g:

-
A single sub-frame location within a frame, a 3 bit sub-frame index (0-5) may be suitable. One sub-frame is assumed to be sufficient to contain an MCCH transmission;
-
An offset value, with range 0-7;
-
A transmission period. A possible range might be something like 32, 64, 128, 256, 512, 1024;
-
An MCS, MBSFN Id and PDCCH part length.

Or, the MCCH configuration could be specified using an MBSFN configuration as a basis e.g:
· An index value identifying the MBSFN configuration;

· A multiplying factor for the repetition period;

· An index value indicating a sub-frame within the sub-frame bitmap

· An MCS, MBSFN Id and PDCCH part length.

The MCCH transmission period represents the shortest time interval at which a UE entering a cell can acquire MCCH information. It probably needs to be short enough for any break in service resulting from a UE changing cell between two MBSFN areas transmitting a wanted service to be acceptable.

There is probably at least one more period associated with MCCH, i.e. the period with which a UE should periodically monitor MCCH should this method of detecting session start be adopted. The interval should be as long as possible, for battery saving, consistent with the UE being able to detect the start of transmission of a service/session before it begins. This is likely to be related to the time between the eNB receiving notification of a service/session start and the time of transmission i.e. the ‘Time to MBMS Data Transfer’ in the Iu Session Start message. In UMTS the modification period fulfils this role. This period could be transmitted on the BCCH or the MCCH. The MCCH has been assumed here.
2.2
Transmission of MCCH in the MBSFN resource
It is assumed that the best way for MCCH content to be transmitted in the MCCH designated sub-frames would be:
1.
For the case where the MCCH is transmitted in the same MBSFN area as the MTCHs that occupy the remaining sub-frames in the configuration, the MCCH is MAC multiplexed with the MTCHs/ MSCH (if MSCH is adopted and present). A UE would use the MCCH LCID to identify and extract the MCCH PDU(s). If the capacity required to transmit MCCH is less than the capacity of an MBSFN sub-frame, which seems likely, multiplexing could minimise the overhead cost of providing MCCH. 

2.
For the case where the MCCH is transmitted in an MBSFN area that is not the same as the MBSFN area of the MTCHs that occupy the remaining sub-frames in the configuration, e.g. MCCH is transmitted as single cell, the whole MBSFN sub-frame would be allocated solely to the MCCH. Because the resources available in the transport block could be larger than is required for the MCCH content transmission efficiency may be reduced.
In both cases, UEs that are receiving an MCH that occupies the whole or part of the MBSFN configuration would need to take account of the, possibly, different MCS that applies in the sub-frames designated to MCCH. 
2.3
MCCH support for multiple MBSFN areas
At WG2#65bis it was agreed that no significant effort would be expended enabling the support of multiple MBSFN areas in a cell for Rel 9, however, the possibility would not be excluded at this stage. The use of hierarchical MCCH has been excluded for Rel 9.  It is suggested that, within the constraints agreed so far, MCCH or MCCHs could be provided in a cell that belongs to more than one MBSFN area in at least the following ways:

1. The MCCH is made cell specific even though it is transmitted via MCH. This appears to require that the MBSFN sub-frames that are assigned to MCCH would be used only for MCCH and so there could be some loss of capacity for MTCH. Identical formatting of eNB MCCH transmissions would also be avoided.
2. The MCCH is transmitted in an MBSFN area that consists of set of cells that is common to all of the MBSFN areas that the MCCH represents. Such an arrangement could increase the complexity of MCCH planning and content synchronisation and it is not clear how practical such a solution would be in general.

3. Multiple MCCH are supported in the cell, one for each MBSFN area. The BCCH could indicate the existence and parameters of each of the MCCHs. UEs would be required to receive each of the MCCHs which, particularly if UEs perform periodic monitoring of MCCH, could increase battery consumption. 
Method 3 requires additional capability from UEs that is not required by methods 1 and 2, i.e. the capability to take account of more than one MCCH, however, it enables support for multiple MBSFN areas without losing the advantage of transmitting MCCH as MBSFN whilst avoiding the potential complexities of method 2.
2.4
Some assumptions relating to MCCH content
In order to progress with discussing MCCH content it is necessary to make a number of assumptions. The following are made here:

1.
An MCCH can report parameters and content for a number of MCH. These MCH may represent different MBSFN areas, e.g. if the MCCH is transmitted only in a single cell or if the MCCH MBSFN area is the intersection of the SFN areas, or a single MBSFN area, e.g. if the MCCH transmission area matches that of the MCH.

2.
An MCH may occupy a subset of the resources identified in an MBSFN-Subframe Config IE transmitted on BCCH. The resources of a Config IE could be shared amongst several MCH, e.g. with different MCS  or some resources may not be used in this release.
3.
An MCH can carry the transmissions for several services (MTCH) MAC multiplexed within a scheduling period. The MTCH synchronisation protocol ensures that the eNB within an MBSFN area transmit the MTCH synchronously within a scheduling period. It is also possible [FFS]  that each scheduling period on an MCH will contain scheduling information i.e. an MSCH to enable UEs to perform DRX. 
4.
The service timeline that is contained in the UMTS stage 2 specification [1] also applies in the case of LTE.
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The eNB is informed of service start by a controlling entity. In principle it could then announce the service on MCCH and transmission of service/session data commences a time interval later. At the end of the transmission the eNB is informed of session stop. It is not discussed here whether the changes to MCCH take place at defined intervals within MCCH transmission cycle e.g. notification intervals as in UTRAN, or at any MCCH transmission time.
If MCCH is transmitted in MBSFN format and the MCCH message(s) are formatted in the eNB, then each eNB in an MBSFN area must revise the MCCH content at the same time in the same way.  The way this is achieved is not discussed here but one way might be for a central node to define the time at which session announcement, transmission start and session stop information is included and removed from the MCCH and communicates this to the eNBs by an acknowledged protocol.
2.2 MCCH content
Following from the assumptions made in the previous section and taking account of the fact that Rel 9 will not support dedicated or preferred layers or service continuity, the following are identified as issues affecting MCCH content and structure:

· MCCH should contain a record of the service/session identities of the sessions that are being transmitted in each MCH that the MCCH represents. 

It should also provide the physical parameters for each MCH either by explicitly identifying them or providing a reference to an MBMS configuration on BCCH. RLC and PDCP parameters are included for bearer definition.

-
It is not clear whether MCCH is required to announce that a session is to start in advance of it actually being transmitted or at least being assigned to an MCH. For example, MCCH could indicate that a service/session is about to start for an interval of time e.g. the ‘Time to MBMS Data Transfer’ changing to indicate that it is being transmitted and the MCH that will support it just prior to transmission, UEs, having detected announcement, could monitor MCCH transmissions to detect the change. The timing of the changes must depend upon whether MCCH has defined changing point, as in UMTS or not.

Alternatively, on announcement, the service/session could be immediately assigned to an MCH which UEs would receive relying, for example, on MSCH (if adopted and used) to identify when it should receive data and when it should perform DRX
-
It is not clear whether session stop needs to be explicitly indicated on MCCH or whether its removal from the list of services mapped to an MCH is sufficient to indicate that a session has stopped. It is assumed here that it is.

-
It is quite likely that services will be added/ removed from MCH multiplexes from time to time. It seems useful if this could be transparent to UEs that are receiving different services from the multiplex. If it failed to receive MCCH and detect the change difficulties could be avoided. This may need to be taken account in MSCH design (if supported). It seems less likely that the physical resources associated with an MCH will change, however, should this be supported UEs receiving the multiplex would need to be alerted to the change, possibly in advance of the change being made, unless UEs are to be required to verify MCH configuration at every receiving of MCCH.
Following from the above the following, tentative, content is identified for MCCH for Rel 9 LTE. Whether there needs to be an IE indicating service status e.g. ‘transmission pending’ and ‘session stop’ and/or an IE indicating MCH change is not clear.

· Possibly a monitor period for UEs performing periodic monitoring e.g. as a multiple of the repetition period.

· Possibly a list of services/ sessions for which service transmission is pending (announcement) and/or session stop. Similarly for MCH change indication.
· A list of none, one or more than one MCH and for each MCH:-

· The physical resources and scheduling parameters comprising
· An index to an MBSFN sub-frame configuration transmitted on BCCH or a subset of a configuration i.e:-

·  A 6 or 24 bit bitmap identifying the sub-frames assigned,

· An offset in the range 0-7,

· A repetition period (1, 2, 4, 8, 16, 32),
· An MCS value, MBSFN Id, PDCCH part length
· An MCH transmission scheduling interval.
-
A list of services/ sessions that are mapped to the MCH:-
-
The service identity and session identity (if provided),

-
A logical channel identifier if this cannot be calculated from the services position in the list,

-
RLC, PDCCH parameters.

A UE that receives the MCCH is assumed to sequentially decode the MCCH content in order to identify whether there is activity for a service that it requires. A UE that detects a service announcement, if adopted, would continue to receive MCCH transmissions to detect transmission start. UEs that are receiving a service could decode the MCCH that it receives to detect session stop and MCH change.
2.6
MCCH message structure
With MCCH mapped to MCH, it seems likely that the whole MCCH content can be mapped to a single MBSFN sub-frame, however, this would need to be verified. Use of a single MCCH message and RLC PDU in the MBSFN transport block could be viewed as being appropriate. Should the MCCH message exceed MBSFN capacity then RLC segmentation could be used to spread the content over more than one MCCH dedicated MBSFN sub-frame. 
Subdivision of MCCH content amongst several messages could be appropriate where there is insufficient capacity to transmit all of the content in a single transport block. This could be appropriate if it is found that all MCCH content cannot be accommodated in a single MBSFN sub-frame or if MCCH mapped to DL-SCH [2] is supported either in Rel 9 or later releases. In these circumstances it can be questioned whether there is a single message type with similar IEs possible in each e.g. each might contain the details relating to one MCH or there are a number of content specific message types as was adopted in UMTS. This requires further study but it is suggested that MCCH content in LTE seems to be much simpler than for UMTS and so the single message type may be appropriate.
In later releases it seems likely that there will be additional MCCH content e.g. IEs might be added to indicate the existence of dedicated and/or preferred layers and the services that they support, or there may be IEs supporting service continuity. For some of these IEs, either because of their size or because they are not transmitted at every MCCH instance then new MCCH message types might be appropriate.
One topic that was given brief discussion at WG2#65bis was whether there was a need for a Modified Services message. It is suggested that there may be a case for a modified services IE, similar to that indicated in 2.5 above, which might be mapped to one MCCH message but this requires further investigation.
3
Conclusion
This Tdoc has discussed several issues relating to MCCH for LTE. It is proposed that RAN2 should:

· consider whether the way in which the MCCH is described on BCCH as described in section 2.1 and section 2.2 could be taken as a working assumption,

· consider whether the assumptions made in section 2.4 could be considered as valid,

· consider whether the MCCH content described in section 2.5 could be taken as a working assumption,

· consider whether the use of a single MCCH message format for MBMS in Rel 9 LTE is the correct way forward.
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