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1 Introduction
At RAN2#66bis it has been agreed to introduce a new M-RNTI for MCCH notification on PDCCH. The discussions concentrated on the notification of a single MCCH. For the support of overlapping MBSFN areas in future releases, it was agreed that there would be one MCCH per MBSFN area. Therefore, this contribution discusses various MCCH notification mechanisms for multiple MCCHs based on M-RNTI usage.
2 Notification mechanisms for overlapping MBSFN areas
For the support of overlapping MBSFN areas in future releases, it was agreed that there would be one MCCH per MBSFN area. Consequently, the UE should be able to distinguish notifications for different MCCHs to avoid reading all available MCCHs and thus achieve efficient battery consumption. 
Proposal 1: 
It shall be possible for the UE to determine which MCCH has changed when receiving a notification of MCCH change when multiple MBSFN areas are configured in the cell.

There are multiple options to realize such a differentiation of overlapping MBSFN areas. In the following, different notification mechanisms are presented and their benefits and disadvantages are discussed. The discussions consider notifications at paging occasions and at additional MBMS specific occasions.
Option A) One M-RNTI per MBSFN area
Similar to the C-RNTI which is used to identify UEs, each MBSFN area can be associated with a specific M-RNTI. This is illustrated in Figure 1. Each MCCH modification specific to a MBSFN area is indicated with a different pattern of shade.
· Only few RNTIs are reserved for future use; the use of different M-RNTIs per MBSFN service area reduces the number of C-RNTIs available for unicast transmission
· UEs monitoring multiple MBSFN areas have to check the CRC value with different M-RNTI values, which causes minor additional processing complexity

· Several concurrent modifications cannot be notified simultaneously due to limitations in the common search space; this is a problem if there is only one MBMS specific occasion within the MCCH modification period (MP).
· In case of coincidences and notification at paging occasions, the notification can easily be pushed to the next paging period within the MCCH MP without increasing UE battery consumption
Option B) Time division for MBMS notification using MCCH specific cycle
Similar to the UE specific DRX cycle used for paging, the MCCH notification can be separated by time division as shown in Figure 2. The same M-RNTI can be used for all MBSFN areas. It can be transmitted on different subframes that are specified by using radio frame offsets specific for each MBSFN area or MCCH respectively.

· In case of notification at paging occasions, the number of supported MBSFN areas depends on the paging cycles, the notification period, and the number of notification repetitions: 
NMBSFN = Tnotification / (Tpaging ∙ NTx,notification) 
· In case of notification at MBMS specific occasions, the notification and thus the UE wake-up frequency increases with the number of MBSFN areas
Option C) New Downlink Control Information (DCI) format including MBSFN area identifier

This option proposes the use of one single M-RNTI used for all MBSFN areas. In order to distinguish between MCCHs, a new DCI format can be introduced such that the notification provides additional information regarding one or more MBSFN area identifier(s) or the corresponding MCCH(s) instead of giving PDSCH assignments. If the size of the MBSFN area ID is too big, a short MBSFN area ID could be introduced that allows notification for multiple MCCHs in the same DCI message.
· New DCI format to be specified, which are capable of pointing to one or more MCCHs
· Only one M-RNTI needs to be monitored

· MCCH modification for multiple areas can be signalled at the same notification occasion

· In contrast to Options A and B, PDCCH usage does not scale with number of MCCH notifications, but as illustrated in Figure 3 option C) allows minimum number of notification transmissions if the MCCH changes happen in the same MCCH MP ( saves PDCCH capacity.
· No restriction on number of supported MBSFN areas

· In case of notification at paging occasions, the simultaneous notification for multiple MBSFN areas can be easily scheduled within the MCCH MP.

· In case of notification at MBMS specific occasions, it is sufficient to define a single occasion for all MBSFN areas within the MCCH MP.
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Figure 1: Notification option A) one M-RNTI per MBSFN area.
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Figure 2: Notification option B) time division with MCCH specific cycle.
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Figure 3: Notification option C) new DCI format.

For all presented options, the UE energy consumption is independent of the number of MBSFN areas if all MCCH notifications can be aligned with paging occasions. However, we can expect that the number of MCCH notifications linearly increases with the number of MBSFN areas assuming that they all have the same mix of service modes. In such a case, the coincidence probability with other control signaling such as SI or UE individual scheduling described in [1] increases with the number of MBSFN areas. The PDCCH usage for the notification of multiple MBSFN areas can be reduced with option C). In contrast to options A and B, the use of a new DCI format allows bundling of notifications for different MCCHs using only one single M-RNTI for all MBSFN areas. Furthermore, opposed to option B), there is only one occasion for all MBSFN areas. In case of notification at MBMS specific occasions, this means that the UEs do not have to wake up more often.

Proposal 2: 
The notification mechanism shall use a single M-RNTI, when multiple MCCH are available.

Proposal 3: 
Means to identify which MCCH has changed should be contained in information transmitted on PDCCH using a new DCI format with CRC masked with M-RNTI.

Since it is likely that overlapping MBSFN areas will be supported at least in future releases, there is a need to introduce the new DCI format already in release 9 to guarantee forward compatibility. Therefore, it is recommended to involve RAN1 to specify the new DCI format for MBMS.
Proposal 4: If the previous proposals are agreed by RAN2, RAN1 should be informed of those decisions.
3 Conclusion

This contribution discusses different notification mechanisms for cells with overlapping MBSFN areas, in which multiple MCCHs are transmitted. Based on the discussions in Section 2, we propose the following:
Proposal 1: 
It shall be possible for the UE to determine which MCCH has changed when receiving a notification of MCCH change when multiple MBSFN areas are configured in the cell.

Proposal 2: 
The notification mechanism shall use a single M-RNTI, when multiple MCCH are available.

Proposal 3: 
Means to identify which MCCH has changed should be contained in information transmitted on PDCCH using a new DCI format with CRC masked with M-RNTI.

Proposal 4: If the previous proposals are agreed by RAN2, RAN1 should be informed of those decisions.
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