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1 Introduction

Service continuity is a fundamental function for SC-PTM to support group communication. RAN2 #91bis has below agreements on service continuity.
	3
Reuse the existing SIB15 based MBMS service continuity concept for SC-PTM. RRC_CONNECTED UEs will send the MBMSInterestIndication message so that the eNB can assist the UE to stay or get on the right carrier frequency during handover. RRC_IDLE UEs will perform autonomous frequency prioritization (i.e. prioritize the SC-PTM frequency for reselection). 

4
The UE in RRC_CONNECTED state can report the MBMS service(s) of interest (e.g. TMGI) in the MBMSInterestIndication message.

1
The availability in neighbour cells of each MBMS service included in SC-MCCH in the source cell should be indicated. SI or MCCH can be FFS.


The goal of service continuity is to support make-before-break mobility to avoid/mitigate packet loss. This paper analyses the gap of supporting make-before-break mobility and proposes ways to resolve the gap.

2 SC-PTM Service Continuity
2.1 RRC_IDLE UE
Availability of SC-PTM services in neighbour cells is broadcasted by serving cell. In cell reselection, up to UE implementation, UE may prioritize the cell supporting its interested SC-PTM services. If selected target cell does not support UE interested SC-PTM service, UE enters RRC_CONNECTED to request unicast from GCS-AS. If the target cell supports UE interested SC-PTM service, existing agreements don’t provide a solution for UE to know target cell’s SC-PTM configuration in advance. 
Observation 1: in SC-PTM to SC-PTM mobility, no solution was defined for UE to know target cell SC-PTM configuration in advance. 

Without knowing the target cell SC-PTM configuration in advance, UE has to read SC-PTM SIB and SC-MCCH before it could receive its interested SC-PTM service in target cell. Per section 6.4.1 of TR 36.890 [2], the SIB and SC-MCCH reading takes up to 180ms, i.e. up to 9 voice packets loss. If UE knows the SC-PTM configuration in advance, these packet loss can be avoided.
On how to inform UE the target cell SC-PTM configuration, there are two possible ways:
· Option 1: broadcast neighbour cell SC-PTM configuration in SIB or SC-MCCH;
· Option 2: use synchronized configuration, i.e. each TMGI is configured with same G-RNTI. Ideally, the other parameters e.g. DRX and TM are also synchronized. 
Considering the flexibility of network configuration and management, both options can be used together. Only in case neighbour cell SC-PTM configuration is different for a TMGI, the configuration is broadcasted in serving cell.

Proposal 1: The SC-PTM configuration should be synchronized across cells. In case neighbour cell SC-PTM configuration is different for a TMGI, serving cell shall broadcast the SC-PTM configuration of the neighbour cell for this TMGI.
2.2 RRC_CONNECTED UE

In last meeting, RAN2 agreed that UE indicates interested TMGI to eNB in MBMS Interest Indication. eNB should prioritize the cell supporting the TMGI in target cell selection of handover.
For SC-PTM to SC-PTM handover, UE knows target cell ID from handover command. From the SI/SC-MCCH with neighbour cell service availability information, UE knows that target cell supports SC-PTM. There was a proposal of including target cell SC-PTM configuration information in handover command. But, the proposal was not agreed in last meeting. So, the observation 1 is valid in this case too. The proposal 1 could be a solution for this issue as well. 
For SC-PTM to unicast handover, i.e. target cell does not support the UE interested TMGI, UE does not know the target cell ID until handover command is received. However, when handover command is received, it is too late for UE to establish the unicast receiving.
Observation 2: In SC-PTM to unicast handover, it is too late for UE to realize from handover command that target cell does not support UE interested TMGI by SC-PTM.
In handover, source eNB decides target eNB before handover preparation message is sent to target eNB. From the measurement report and network topology, the source eNB can decide the target cell and determine whether target cell supports UE interested TMGI by SC-PTM. So, eNB should be able to early notify UE to request unicast receiving.

Proposal 2: If target cell may not support UE interested TMGI by SC-PTM, eNB shall early notify UE by RRC signalling as soon as target eNB is determined.
Figure 1 shows an example message flow of make-before-break handover from SC-PTM to unicast.
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Figure 1: Make-before-break handover from SC-PTM to unicast
1. UE sends MBMS Interest Indication to eNB1 indicating it is receiving TMGI1 from SC-PTM.

2. UE sends measurement report to eNB1 and eNB1 decides to handover UE to eNB2. eNB1 knows target cell in eNB2 does not support TMGI1. 

3. eNB1 sends Service Not Available (TMGI1) indication to UE.

4. eNB1 sends Handover Preparation Request to eNB2.

5. UE sends SIP signalling to GCS-AS requesting unicast receiving.

6. GCS-AS acknowledges the request.
7. eNB1 receives Handover Preparation Response from eNB2.

8. eNB1 sends Handover Command to UE. In this stage, the media PDU from GCS-AS is still routed to eNB1. eNB1 forwards the media PDU a to eNB2.

9. UE accesses to eNB2 and completes the handover. Then, media PDU a is delivered to UE from eNB2. The following media PDU b is delivered to UE via eNB2 directly. Both PDU a and PDU b are delivered over default bearer.

10. To ensure QoS, GCS-AS may trigger dedicated bearer establishment via PCC. The following PDUs are delivered over dedicated bearer.

2.3 SC-PTM service suspending

Similar to MBMS/MBSFN suspending, eNB may also suspend/stop SC-PTM bearer. If UE is not notified in advance, some media packets may be lost after SC-PTM bearer is suspended and unicast has not been ready. 
Observation 3: If SC-PTM is suspended/stopped without notifying UE in advance, UE receiving the service may suffer packet loss.

In MBMS/MBSFN, the suspending is notified by enhanced MSI. But, SC-PTM does not have MSI. The early notification could be achieved by:
· Option 1: eNB sends Suspending Notification over SC-MCCH before the TMGI is removed from SC-PTM configuration message; or
· Option 2: eNB sends Suspending Notification over PDCCH which is used to schedule SC-PTM service before the TMGI is removed from SC-PTM configuration message; 

Proposal 3: eNB shall early notify UE that a SC-PTM bearer is about to be suspended so that UE can request unicast receiving before SC-PTM broadcast is stopped.

3 Conclusions

Based on above discussion, we have following observations and proposals.
Observation 1: in SC-PTM to SC-PTM mobility, no solution was defined for UE to know target cell SC-PTM configuration in advance. 

Proposal 1: The SC-PTM configuration should be synchronized across cells. In case neighbour cell SC-PTM configuration is different for a TMGI, serving cell shall broadcast the SC-PTM configuration of the neighbour cell for this TMGI.
Observation 2: In SC-PTM to unicast handover, it is too late for UE to realize from handover command that target cell does not support UE interested TMGI by SC-PTM.
Proposal 2: If target cell may not support UE interested TMGI by SC-PTM, eNB shall early notify UE by RRC signalling as soon as target eNB is determined.
Observation 3: If SC-PTM is suspended/stopped without notifying UE in advance, UE receiving the service may suffer packet loss.
Proposal 3: eNB shall early notify UE that a SC-PTM bearer is about to be suspended so that UE can request unicast receiving before SC-PTM broadcast is stopped.
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