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1   Introduction

The MCE may decide to deactivate the multicast delivery for MBMS service as result of pre-emption or counting. In such cases, the UE will trigger the unicast bearer setup by upper layer to continue receiving the service over unicast the, and the UE may undergo service interruption before the unicast bearer for the service is ready.

In this contribution, we will analyse the expected eNB and UE behaviour and evaluate the possibility to reduce the service interruption in the UE in case of deactivating the multicast delivery for MBMS service.
2   Discussion

2.1   Interruption in MBMS suspension 
MME configures the QoS parameters (e.g. QCI and ARP) to MCE in the MBMS Session Start procedure. During the situation of resource limitation, higher priority MBMS sessions might pre-empt lower priority MBMS sessions. In this case, eNB will update the MCCH information and suspend the MTCH scheduling for low priority MBMS sessions as per the request from MCE. Once the UE noticed that it will no longer be able to receive the service of interest via MBMS, it will trigger the unicast bearer setup via application level signalling to continue receiving the service of interest over unicast. The UE will undergo a service interruption before the unicast bearer is ready. The service interruption time also exists in the scenario where the MCE may decide to deactivate the multicast delivery for the service by MBMS service suspension procedure due to counting.
Observation 1: A service interruption is observed where the MCE decides to deactivate the multicast delivery for the MBMS service as result of pre-emption or counting.
2.2   Enhancement of MBMS service continuity 
In the procedure of MBMS service suspension, once the UE noticed that it will no longer be able to receive the service via MBMS, The UE will undergo a service interruption before the unicast bearer is ready. Actually, to avoid such interruption, the eNB could continue to transmit the service in MSI and MTCH in the modification period when the first updated MCCH repetition is transmitted after MBMS service suspension. This allows the UE to continue receiving MSI/MTCH for the suspended service until the start of the next modification period after the updated MCCH is transmitted. Therefore, the UE who require service continuity from multicast to unicast could trigger unicast bearer setup as well as continue receiving the MBMS service from MRB after the MBMS service is excluded from MCCH message due to MBMS suspension to avoid service interruption due to the delay of unicast bearer setup. The UE may keep the MRB until concerned MBMS service is removed from MSI or the unicast bearer is established. In this way, the UE could avoid service interruption due to MBMS service suspension. 
Proposal 1: all eNBs in a synchronisation areas could continue to transmit the service in MSI and MTCH in the modification period when the first updated MCCH repetition is transmitted during MBMS service suspension and exclude the service information from MSI from the next modification period. 
Proposal 2: the UE which requires service continuity from multicast to unicast may try to continue receiving the MBMS service from MRB even after the MBMS service is excluded from MCCH message 
Inter-operability 

If the network continue transmitting the suspend service in the MSI/MTCH at the first modification period when the first updated MCCH repetition is transferred, the number of services scheduled in the MSI in the modification period will exceed the number of services included in MCCH, thus forward compatibility issues may rise. However, since MAC CE for MSI is a variable size MAC CE where the MAC sub header includes the length of the MAC CE, the UE can still decode the MSI correctly even if the LCH-IDs included in MSI is different to the services included in MCCH.  Thus, to avoid such forward compatibility issue, it is proposed to clarify that in the first MCCH Modification Period after MBMS suspension, the sessions are scheduled in MIS may not align with the sessions included in the MCCH session list. 

Proposal 3: clarify that the sessions are scheduled in MSI may not align with the sessions included in the MCCH session list in the first MCCH Modification Period after MBMS suspension. 
In a MBMS synchronisation area, if some eNB stop MSI/MTCH right after the MCCH update while other (enhanced) eNBs stop MSI/MTCH one MP later in suspension procedure, this will result in unsynchronized transmission. Therefore, it is necessary to ensure that all eNBs have the same behaviour. We think it can be left to the operator to decide to upgrade all eNBs in an MBMS synchronisation area when the operator wishes to improve the MBMS service continuity. If the synchronisation area is only one eNB, there is no need to coordinate between eNBs.

Proposal 4: it is left to the operator to ensure that all eNBs have the same behaviour (stop MTCH/MSI transmission of a suspended MBMS service at the same time like removing MCCH or in the next MP) in a MBMS synchronisation area.
3   Conclusion / Proposals
In this contribution, we analysed expected eNB behaviour after MBMS service suspension, and made the observation:

Observation 1: The service interruption is observed where the MCE decides to deactivate the multicast delivery for MBMS service as result of pre-emption or counting.
And analysed possibility to reduce the service interruption in the UE during the deactivation of the multicast delivery for MBMS service and propose:
Proposal 1: all eNBs in a synchronisation areas could continue to transmit the service in MSI and MTCH in the modification period when the first updated MCCH repetition is transmitted during MBMS service suspension and exclude the service information from MSI from the next modification period. 

Proposal 2: the UE which requires service continuity from multicast to unicast may try to continue receiving the MBMS service from MRB even after the MBMS service is excluded from MCCH message 
Proposal 3: clarify that the sessions are scheduled in MSI may not align with the sessions included in the MCCH session list in the first MCCH Modification Period after MBMS suspension. 
Proposal 4: it is left to the operator to ensure that all eNBs have the same behaviour (stop MTCH/MSI transmission of a suspended MBMS service at the same time like removing MCCH or in the next MP) in a MBMS synchronisation area.
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