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1. Introduction

One objective of group communication is to evaluate whether eMBMS can satisfy the group communication requirements. Service continuity is one of the requirements, thus in this contribution, we analyze the scenarios that needs to be considered for service continuity and the interruption time for each scenario, and then give some schemes to improve the interruption time.
2. Discussion
2.1. Requirements on service continuity
The service continuity is required by SA1 and the requirement is interpreted by most companies in the last RAN2 meeting as the interruption time. However, the detailed performance requirement on the interruption time is undefined by SA1, thus RAN2 cannot evaluate whether the existing mechanisms meet the service continuity requirement.
Proposal1: Send LS to SA1 to further clarify the interruption time requirement on service continuity.

2.2. Service continuity scenarios and the interruption time
According to SA1’s requirement, the group communication can be provided over a specific geographic scope (named as group communication service area in this contribution). In the group communication area, some cells may provide the group communication through unicast, while the other cells may provide the group communication through eMBMS. As illustrated in Figure 1, the group communication service area includes MBSFN Area1, MBSFN Area2, MBSFN Area3 and one Unicast Area. 
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                           Figure1.  Scenarios 
When the receiver member is moving amongst different cells or network will switch the receiver member between unicast and eMBMS for improving the resource efficiency, service continuity issue should be considered. The scenarios can be summarized as following:
Scenario1: within the same MBSFN area
This scenario has been deeply discussed in Rel-11 eMBMS and the service continuity can be guaranteed according to the existing mechanisms. Thus there is no interruption time.
Scenario2: MBSFN area ->unicast area

When the group receiver member enters a target cell, from the perspective of resource efficiency, it is reasonable that the receiver member should first verify whether the target cell can provide the interested group communication via eMBMS bearer rather than requesting a unicast bearer. Thus it is inevitable for the group receiver member to take some time to detect the eMBMS bearer in the target cell. In addition, the group receiver member also needs to spend some time to establish unicast bearer if it fails to find the interested group communication over eMBMS bearer.. Service interruption time exists in this scenario.
Scenario3: unicast area-> MBSFN area

In this scenario, the group receiver member is leaving source cell providing group communication via unicast and entering a target cell providing group communication via eMBMS. Similar with scenario 2, the receiver should spend some time verify the availability of eMBMS bearer in the target cell. But UE can maintain the unicast until the group data is received over eMBMS bearer, thus there is no service interruption time.
Scenario4: one MBSFN area-> another MBSFN area
There is still the possibility that the interruption time occurs due to the unsynchronized configuration between different MBSFN areas. At this case, similar with scenario 2, the group receiver member should firstly identify whether the interested group communication is provided over eMBMS in the target cell or not. Thus when entering the target cell, the group receiver member should read MIB/SIB1/SIB13/MCCH of the target cell, and then check whether the interested TMGI is contained in the MCCH. If finding the interested TMGI, the receiver will receive the group data through eMBMS. During the above procedure, service interruption time is introduced due to the verification of the available eMBMS bearer.
Scenario5: unicast area-> MBSFN area based on network control

When the number of group receiver members increases, network may switch the group communication from unicast to eMBMS. The unicast bearer can be kept until UE is ready for eMBMS reception. Thus there is no service interruption time.

Scenario 6: MBSFN bearer-> unicast bearer based on network control
When the number of group receiver members decreases, network may switch the group communication from eMBMS to unicast. The group receiver member can receive the group data over eMBMS bearer until UE is ready for unicast reception. Thus there is no service interruption time.

From the above analysis, the interruption time exits only in scenario2 and scenario4 and can be evaluated as following:
          Table1.  Service interruption time evaluation for scenario2 and scenario4

	Scenario
	Interruption time (Non-CA UE)
	Note

	Scenario2
	MIB+SIB1+SIB13+ MCCH reception + RRC+

DRB setup 

=10ms+20ms+5ms+320ms+(50~80)ms+115ms

=(520~550)ms
	The receiver should firstly verify the availability of the interested group service on an eMBMS bearer. 

The worst case is assumed in which an eMBMS bearer exits but not providing the interested group service for the receiver member.

	Scenario4
	MIB+SIB1+SIB13+MCCH reception +MSI

=10ms+20ms+5ms+320ms+80ms

=435ms
	The minimum repetition period of MCCH is 320ms

The minimum period of SIB13 is 5ms.


Proposal 2: The service continuity should be considered only in the cases that the receiver member is moving from an eMBMS bearer area to a unicast bearer area or across different MBSFN areas providing the same group communication.
2.3. Potential schemes to grantee the service continuity
In order to decrease the service interruption time for scenario2 and 4, potential schemes to reduce the interruption time should be considered.

For Scenario 2 (MBSFN area ->unicast area)
When the group receiver member moves closely to the MBSFN area boundary cell and it detects it will move to a cell which will provide the group communication via unicast, it can initiate unicast bearer establishment procedure in the source cell in advance. Thus when the receiver moves to the target cell, unicast handover can be performed and there will be no service continuity problem. The above procedures are illustrated in Figure2.
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                     Figure2． eMBMS bearer ->unicast bearer (different cells)
For Scenario 4 (one MBSFN area -> another MBSFN area)
When the group receiver member moves closely to the MBSFN area boundary cell and it detects it will move to a cell belonging to another MBSFN area providing the same group communication, the group receiver can initiate unicast bearer establishment procedure in the source cell in advance. Thus when the receiver moves to the target cell, unicast bearer can be maintained during the handover procedure until it is ready for eMBMS reception in the target cell.

Proposal 3: It is suggested to establish unicast bearer for the receiver moving closely to the border cell of one MBSFN area.
In the above schemes for scenario2 and scenario4, one possible optimization is that the network should inform the group receiver member whether it is at the edge of group communication cell boundary. The following alternatives can be considered:

Alt1: The neighbor cell list providing the interested group communication is signaled to UEs via system information or dedicated signaling 
The neighbor cell list which providing the interested group communication is broadcasted in the source cell via system information, and eNB can acquire the related information of  neighbor cells through X2 interface or from MCE. In this solution, the receiver can judge which neighbor cells are within the same MBSFN area as the source cell. For those target cells belonging to the same MBSFN area, the receiver doesn’t need to check the availability of the neighbor cells and the interruption time is improved; for those target cells not belonging to the same MBSFN, the receiver can request a unicast bearer in advance as illustrated in Figure 2.
Alt2: The neighbor cell list providing the interested group communication is signaled to UE via MCCH 

In this solution, the neighbor cell list which providing the interested group communication is signaled to UE via MCCH. The subsequent procedures are similar with that in Alt1.

Proposal 4: It is proposed to the neighbor cell list providing the interested group communication to be signaled to the receiver via system information or via MCCH.
Proposal 5: It is proposed to capture the above analysis and proposals into the TR. 
3. Conclusion
Proposal1: Send LS to SA1 to further clarify the interruption time requirement on service continuity.

Proposal 2: The service continuity should be considered only in the cases that the receiver member is moving from an eMBMS bearer area to a unicast bearer area or across different MBSFN areas providing the same group communication.

Proposal 3: It is suggested to establish unicast bearer for the receiver moving closely to the border cell of one MBSFN area.
Proposal 4: It is proposed to the neighbor cell list providing the interested group communication to be signaled to the receiver via system information or via MCCH.

Proposal 5: It is proposed to capture the above analysis and proposals into the TR. 
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