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Introduction
Release 13 SC-PTM is targeted for public safety use. The defined service continuity solution per CRs [2] and [3] can be summarized in the following:
· The source cell to indicate in SC-MCCH the list of neighbour cells that offers MBMS services via SC-PTM,
· Based on neighbour cell list information in SC-MCCH, UE can request unicast reception of the service before changing to a cell not providing the MBMS service using SC-PTM.
In this paper, we analyzed the adequacy of the solution for public safety use, specifically in maintaining voice intelligibility due to service interruption time incurred during the handover from a SC-PTM cell to a unicast cell.
Discussion
Release 13 SC-PTM Service Continuity Solution
One of the Release 13 SC-PTM WI objectives is to specify a necessary solution that supports service continuity when UE moves from a cell where SC-PTM transmission is available to a neighbouring cell where it is not available (i.e., via unicast) [1]. One of the solution design requirements as specified in [1] is not to significantly impact the radio efficiency and signalling overhead. 
The solution defined by RAN2 consists of:
1)  The source cell to indicate in SC-MCCH the list of neighbour cells that offers MBMS services via SC-PTM [2],
2)  Based on 1), UE can request unicast reception of the service before changing to a cell not providing the MBMS service using SC-PTM [3].
Solution Inadequacy for Public Safety Use
As it can be seen in 2.1, the service continuity solution heavily relies on UE’s action to initiate the request of unicast reception before changing to the target cell. In LTE handover, the selection of the target cell is dictated by the source cell and a UE does NOT know it until the reception of Handover Command at the execution phase. When the Handover Command is received, however, it is too late for UE to initiate the unicast reception request.
Assuming a UE is moving out of a SC-PTM cell and toward a unicast cell in which other neighbour cells with interested MBMS service via SC-PTM may be also seen. Figure 1 illustrates a typical X2 handover call flow, where Step 1-3 are in the handover preparation phase, Step 4-5 in the handover execution phase, and Step 6 in the handover completion phase. During Step 1, UE conducts measurements for all potential candidate cells (i.e., eNB2 and eNB3) it is able to see and report to its source cell (i.e., eNB1). Assuming one of the candidate cells, say eNB3, does provide the MBMS service of interest via SC-PTM but not the other, say, eNB2. Although the UE is able to learn the SC-PTM transmission information of neighbour cells from the SC-MCCH of its source cell eNB1, it does not know the final selected target cell, i.e, eNB2, at Step 4 upon the reception of Handover Command. At that time, it is too late for the UE to initiate the unicast reception request because any new bearer created after the handover negotiation at Step 2 and 3 between the source cell and target cell shall fail. In addition, Step 4 triggers the execution of handover in which the source cell stops sending/receiving data to/from the UE and the UE has a tight window to complete the procedure (MIB/SIB1 acquisition, random access, RRC establishment) and handover to eNB2. 

[bookmark: _Ref434588883]Figure 1: SC-PTM to Unicast Handover Call Flow

During the handover, the UE will experience an extensive service interruption time at a minimum of 270 ms in total including 50 ms from Step 5, 100 ms from Step 6.i, and 120 ms from Step 6.ii as shown in Figure 1. This is equivalent to a loss of consecutive 14 voice frames. Release 13 SC-PTM is targeted for the use of public safety. In public safety, voice intelligibility has the most critical concern. Such an extensive and consecutive voice packet loss may translate into reverted speech intelligence, for example, “Don’t shoot” becomes “Shoot” or “Hold fire” becomes “Fire”. The solution 
Observation 1	Given the defined Release 13 service continuity solution, during the handover from SC-PTM cell to unicast cell an extensive service interruption time will incur that may adversly impacts voice intelligibility in public safety.

One may argue that the source cell can prioritize the candidate cells of SC-PTM transmission for the handover target cell in the selection. With all other handover consideration factors like signal strength, ping-pong prevention etc., in reality such prioritization is not feasible as UE may not head for the selected cell in its mobility. The other may also argue that the UE, in a preventive method, can initiate the unicast reception request at Step 1 as long as any handover candidate cell of no interested SC-PTM transmission is detected. This would end up in significant unnecessary signalling overhead as it is quite typical that a UE sees many candidate cells during handover preparation. This also defeats the service continuity solution design purpose in minimizing the signalling overhead. 
Proposal 1	Release 13 SC-PTM service continuity solution is not adequate for public safety use and enhancement shall be considered.

Conclusion
[bookmark: _In-sequence_SDU_delivery]In this contribution we analyzed the defined Release 13 SC-PTM service continuity solution for public safety use. As a consequence, we concluded with the following: 
Observation 1	Given the defined Release 13 service continuity solution, during the handover from SC-PTM cell to unicast cell an extensive service interruption time will incur that may adversly impacts voice intelligibility in public safety.
Proposal 1	Release 13 SC-PTM service continuity solution is not adequate for public safety use and enhancement shall be considered.
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