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1. Introduction
In RAN2#89, discussion on single cell point-to-multipoint (SC-PTM) was started. The following agreements and working assumptions were made in assisting the discussion on procedure and protocol impacts from RAN2 perspectives.

	1. We will evaluate the SC-PTM against the GCSE requirements (should also consider MCPTT requirements if available)
2. We will compare the SC-PTM against MBSFN and unicast solutions.
3. In the study we cover IDLE and Connected mode support
4. RAN2 assumes that SC-PTM reuses the eMBMS system architecture and acts as a complementary bearer type of eMBMS.



Service continuity is one important objective of the study item. Even though RAN2 has started the discussion on SC-PTM support, service continuity was not yet addressed. In this contribution we present our views on the support of service continuity for SC-PTM.

2. Discussion

Based on the last meeting discussion, LS was sent to RAN1 with question on use of HARQ and link adaptation for SC-PTM while another LS was sent to RAN3 and SA2 on feasibility of the MBMS architecture in support of SC-PTM and possible impacts on the network interfaces and architecture. Moreover it is yet to be evaluated of which network node is in charge of the decision in support of SC-PTM, MBMS or MBSFN for a given service.

Requirement of SC-PTM study follows the requirement set out for GCSE study which involves the support of public safety application over the radio interface in timely manner. Thus, service continuity support is very important for the success of new transport technology such as SC-PTM. 
Service continuity means uninterrupted service while the UE moves from one cell to other. Thus, handover procedure is designed to mitigate the data loss (as required by the application) during the cell change. For the support of public safety application, only the interruption but also the data loss during the cell change should be avoided.
Service continuity is supported for MBMS. A number of mechanisms were introduced in Rel-11 to guarantee the required service continuity support for MBMS reception. While the Ue is moving within a MBSFN area, the same waveform is received over the radio due to the use of MBSFN. When the Ue is moving away from a MBSFN area, the UE is directed towards a cell or a frequency layer supporting the Ue’s interested service. SC-PTM is considered as a complementary bearer type of eMBMS. Therefore, service continuity support of SC-PTM should be equivalent to the service continuity support of eMBMS. 

Observation 1: service continuity support of SC-PTM should be equivalent to that of eMBMS and should avoid data loss and interruption during the cell change.

Support of both RRC_Idle and RRC_Connected UEs for SC-PTM reception was agreed in the last RAN2 meeting. The agreement follows the support of SC-PTM to be complementary bearer to MBSFN, and the support of both RRC_Idle and RRC_Connected UEs in MBSFN. However the concept of SC-PTM is very different from MBSFN.
MBSFN facilitates waveform combining over the air. The MBSFN transmission from cells within a MBSFN area is synchronised in time and radio resources. Moreover the cells within the MBSFN area are also SFN synchronised.
SC-PTM is fundamentally different from MBSFN area concept as such the service is provided in a single cell contrast to the provision of a service from multiple cells in MBSFN transmission. For provisioning of SC-PTM, the network is not required to be synchronised. Each cell schedules the SC-PTM using radio resources on DL-SCH. 
Based on the public safety user scenarios, it is likely that the same service is provided in few cells in a localised area. Even though the number of cells involved is likely to be much less than MBSFN area, having few adjacent cells providing the same service over SC-PTM should be considered for service continuity support.

In order to assist the RRC_Idle UE in selecting a cell which provides interested service over SC-PTM, the neighbouring cell SC-PTM could be provided to the UE over system information broadcast. The radio resources used to provide a service over SC-PTM depends on the eNB scheduler decision and may vary from one cell to the other. eNB may provide the service over SC-PTM using available resources in the cell. Required signalling load in providing service availability in neighbouring cells over SC-PTM depends on the number of service provided over SC-PTM. The service level neighbouring cell information was considered as signalling heavy and did not consider as a solution for MBMS service continuity mechanism in Rel-11. The same concern on heavy signalling load is also applied for SC-PTM if neighbouring cell service information to be provided for service continuity support.
Another option is to let the UE request for RRC_Connected if it is about to be moved out of cell providing SC-PTM. If the same service is provided in the neighbouring cell over SC-PTM, this is not useful as the UE would be kept in RRC_Connected unnecessarily. 

Issue 1: service continuity support for RRC_Idle UEs discussion should take in to account potential increase of signalling load and unnecessary transition to RRC_Connected mode in design of solution.

As the SC-PTM scheduling is to be performed by each eNB independently, some eNB may scheduled the service (depending on the eNB scheduling algorithm) while neighbouring eNB is buffering the data to be scheduled. Therefore, the same service may not be transmitted over the radio link at the same time from adjacent eNBs. This may cuase problem in enabling service continuity if the UE is moving between two eNBs which provides the same service over SC-PTM. 
If the source eNB has not yet scheduled the service traffic for transmission while the target eNB is already delivered the service traffic, after moving to the target eNB, the UE is going to experience data loss. Note that there is no coordination among the eNBs for the service scheduling over the radio interface. The data loss due to the uncoordinated service transmission by adjacent eNBs could be experienced by both RRC_Idle and RRC_Connected UEs. The amount of data loss depends on scheduling algorithms at the eNBs and how much data has been buffered at the eNB.
Issue 2: Service continuity design for SC-PTM should take into account possible data loss during cell change due to uncoordinated radio resources scheduling of SC-PTM by adjacent eNBs.

Following similar procedure as handover used for unicast service, the target eNB should be prepared for the arrival of SC-PTM UE in support of service continuity in RRC_Connected mode. The source eNB is required to have knowledge of which SC-PTM services are received by the UE. The Ue may provide the SC-PTM service interest/reception status to the source eNB in a similar way to MBMS Interest indication used in MBMS. MBMS interest indication used in MBMS signals the UE interested frequency for the reception of MBMS service but the UE interested service is not signalled to the eNB.  Signalling of interested SC-PTM services to the network reopens the previous discussion on whether to provide service information, MBSFN SAI or frequency information is assisting the eNB on service continuity for MBMS service. 

Issue 3: Signalling of interested SC-PTM services to the network in order to assist the eNB for support of SC-PTM service continuity for RRC_Connected Ues requires careful investigation.

Moreover which network nodes make the decision of MBMS or SC-PTM is yet to be investigated. Depending on which node is in charge of the decision, some impacts on the network interface architecture could be foreseen.   If MCE to make the decision of the service delivery mode, the target eNB may need to be prepared for the arrival of the UE receiving SC-PTM. If the target eNB already transmits the service over MBMS or SC-PTM, the target eNB has the corresponding bearer information. If the target eNB doesn’t have bearer information, it is required to acquire the service information and joining of multicast group for the service during the handover preparation. 

Issue 4: Depending on end to end architecture for SC-PTM and which network node is in charge of decision on the SC-PTM delivery method, preparation of target eNB for arrival of RRC_Connected UEs receiving SC-PTM service requires further investigation.

Service continuity support while moving out of MBSFN area was considered during group communication study. When moving out of MBSFN area, the UE is required to establish a unicast bearer while receiving the service over MBSFN in order to avoid service interruption.  It was considered that a network implementation based method such as MTCH coverage to be slightly larger than MCCH coverage, was considered sufficient for support of service continuity while moving out of MBSFN area. Upon detecting the absence of MCCH, the UE establishes a uncast bearer for the interested service, meanwhile receiving the service over the MBMS. This mechanism benefits both RRC_Idle and RRC_Connected UEs. Such a deployment mechanism cannot be applied for SC-PTM for avoiding service interruption while moving out of SC-PTM cell as the SC-PTM is a single cell concept. 
Moreover a congestion indication where the UE is informed of unavailability of service over MBMS in advanced due to radio resource congestion was introduced for group communication over MBMS in Rel-12. This indication allows for the UE to establish a unicast bearer for the reception of the service in time hence avoiding service interruption. Switching from SC-PTM to unicast could also be occurred in the cells. For example if the number of UEs in a cell is only one, unicast delivery mode would provide efficient transmission. 
Issue 5: Service interruption should be avoided when switching from SC-PTM to unicast delivery mode.

Based on observation 1 and identified issues 1-5, the service continuity support for SC-PTM is not straightforward and requires further investigation. Moreover it seems as redesign of service continuity mechanism which is currently used for MBMS in support of SC-PTM. Considering that SC-PTM is a complementary bearer type to MBSFN, the benefits of SC-PTM should be carefully evaluated against the required modifications/ new functionality in support of another delivery type for the same service.

Proposal 1:  Service continuity support for SC-PTM seems as readdressing of Rel-11 service continuity mechanism for in cooperating SC-PTM delivery type. RAN2 is requested to carefully evaluate the benefit of Sc-PTM against required major modification/ new functionalities in support of another delivery type for group communication.

Proposal 2:  RAN2 is requested to capture the finding of this contribution on service continuity support for SC-PTM in the technical report.

3. Conclusion

In this contribution, we have discussed service continuity support for SC-PTM considering both RRC_Idle and RRC_Connected UEs. The following issues were identified as a starting point of discussion. The following observation and proposals were made.
Observation 1: service continuity support of SC-PTM should be equivalent to that of eMBMS and should avoid data loss and interruption during the cell change.
Issue 1: Service continuity support for RRC_Idle UEs discussion should take in to account potential increase of signalling load and unnecessary transition to RRC_Connected mode in design of solution.
Issue 2: Service continuity design for SC-PTM should take into account possible data loss during cell change due to uncoordinated radio resources scheduling of SC-PTM by adjacent eNBs.
Issue 3: Signalling of interested SC-PTM services to the network in order to assist the eNB for support of SC-PTM service continuity for RRC_Connected Ues requires careful investigation.
Issue 4: Depending on end to end architecture for SC-PTM and which network node is in charge of decision on the SC-PTM delivery method, preparation of target eNB for arrival of RRC_Connected UEs receiving Sc-PTM service requires further investigation.
Issue 5: Service interruption should be avoided when switching from SC-PTM to unicast delivery mode.
Proposal 1:  Service continuity support for SC-PTM seems as readdressing of Rel-11 service continuity mechanism for in cooperating SC-PTM delivery type. RAN2 is requested to carefully evaluate the benefit of Sc-PTM against required major modification/ new functionalities in support of another delivery type for group communication.
Proposal 2:  RAN2 is requested to capture the finding of this contribution on service continuity support for SC-PTM in the technical report.
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