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1. Introduction
In the last RAN2 meeting, the following agreements related to service continuity were achieved:

We assume that the UE requests the service via unicast if it does no longer receive a service via MBMS, i.e., the delivery via unicast is not triggered by the eNB. 

FFS: In the case where the UE moves out of MBSFN area a standardized trigger will be defined upon which the UE starts requesting data via unicast. 
In this document, we analyze the service continuity issues due to UE mobility and provide the corresponding solutions.

2. Discussion
2.1. The scenarios and the service interruption time due to UE mobility 
According to the analysis in [1], the service continuity should be considered for the following two scenarios:

· Scenarios1: UE is moving out of a MBSFN area to a unicast bearer area

· Scenarios2: UE is moving out of a MBSFN area to another MBSFN area providing the same group communication. 

The service interruption time is about 520~550ms for Scenario1 and 435ms for Scenario2, which can not satisfy the service continuity requirement.
Observation1: If UE moves out of a MBSFN area to a unicast area or other MBSFN area providing the same group communication, current mechanism cannot guarantee the requirement on service continuity.
Proposal 1: It is proposed to optimize the service interruption time.
2.2. The possible optimization methods
In order to reduce the service interruption time for Scenario1 and Scenario2, UE should detect it will be not able to receive the eMBMS service as soon as possible. There are two possible methods for the UE to detect it timely: 1) based on UE measurements and 2) notifying the MBSFN border cells to UE.
1) Based on UE measurements 
The method based on UE measurements is widely used in the mobile communication system to maintain the service continuity when UE is moving. Likewise, when moving out of MBSFN area, UE measurements can be considered to decrease the service interruption time. 
Firstly, in this method, the network should configure the threshold for measurement, once the measurement result is lower than the configured threshold, UE should trigger the establishment of unicast bearer in order to satisfy the service continuity requirement. The reason for using the network configured threshold other than left it to UE implementation is that if it is totally left to UE implementation, the performance of MBMS service cannot be guaranteed. 
And then, it should be considered that the multicast to unicast switching should be based on which measurement result. There are two possible choices: CRS-based measurements and MBMS-based measurements.
a) CRS-based measurements

One type of UE measurements that could be brought to mind is CRS-based RSRP/RSRQ measurements. CRS signal quality has relationship to a certain extent with the MBMS signal quality, and UE can request the unicast bearer establishment when detecting CRS signal is weaker and weaker.
However, an MBSFN area consists of a group of cells that contribute to the MBSFN transmission within an MBSFN synchronization area. CRS-based RSRP measurement accuracy could suffer from inter-cell interference that may not exist for MBSFN transmission; on the contrary, the MBMS signal quality could be strengthened by neighbor cell MBMS signal. Therefore, the measurements based on CRS are inappropriate for UE to judge the MBMS service quality.
Observation2: CRS-based RSRP/RSRQ measurements are inappropriate for UE to detect the MBMS service quality.
b) MBMS-based measurements
MBMS-based measurements are more direct to reflect the MBMS signal quality than CRS-based measurements. They have been discussed in RAN1 and the following measurements definitions were agreed:
· Working assumption confirmed to adopt MBSFN RSRP per MBSFN area

· Working assumption confirmed to adopt MBSFN RSRQ per MBSFN area

· MBSFN RSSI averaging is over only OFDM symbols carrying MBSFN RS

· Adopt an MCH BLER measurement per MCS per MBSFN area

· FFS whether the measurement is per MCH or can be averaged across MCHs for a given MCS in the same MBSFN area. 

· The measurements are made only in subframes and on carriers where the UE is decoding PMCH
· RAN4 to define the range and quantisation for the measurements
Till now, the quantities MBSFN RSRP/RSRQ and MCH BLER are defined to be measured and it is worthy to discuss which of them can be used for group communication.
· RSRP/RSRQ
According to RAN1 decision, the measurements are made only in subframes and on carriers where the UE is decoding PMCH. For group communication traffic, the characteristics are different from legacy MBMS service. Taking push-to-talk traffic as example, the packets may occur every several minutes or several ten minutes. That brings the question that how the UE obtains the measurement results when there is no data on PMCH. It could be solved by UE always decoding the PMCH on which MSI is transmitted. If MSP is configured to the current minimum value 80ms, the measurement result can be derived every 80ms. 
Besides, MBMS-based RSRP/RSRQ measurements are defined for MDT purpose, in which case the network can make decision based on the statistic collection of multiple results. It is expected the interruption time is not too long when UE detects not to receive MBMS service, and if these measurements are reused to keep group communication, RAN4 is expected to consider group communication service continuity purpose when defining the measurement performance. 
· BLER
Normally, BLER reflects the MBSFN signal quality adapting the used MCS of the long-term radio environment of an MBSFN area. A delay issue may exit to reflect the timely signal quality considering the larger statistics window length for BLER. If BLER is reused to guarantee the group communication service continuity, there will be a risk that UE cannot detect it is unable to receive the MBMS service timely.
In addition, BLER is related with the used MCS, and the measurement results may be various with different MCS. Thus the network should configure different thresholds for different MCS level.
2) Notify the MBSFN area border cells to UE
In this method, the neighbor cell list providing the interested group communication and belonging to the same MBSFN area as the source cell will be notified to UE. When the UE moves into the border cell of an MBSFN area, it can judge it will move to a cell which will cause service continuity problem and initiate the unicast bearer establishment procedure in the source cell in advance. Thus when the UE moves to the target cell, unicast handover can be performed and service continuity problem can be avoided.
There are two alternatives to for the eNB to notify the MBSFN area border cells to the UE, listed below: 
Alt1: The notification is notified to UE via system information or dedicated signaling 

The neighbor cell list which providing the interested group communication and belonging to the same MBSFN area 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.
Alt2: The notification is notified to UE via MCCH 

In this solution, the neighbor cell list which providing the interested group communication and belonging to the same MBSFN area is signaled to UE via MCCH. The subsequent procedures are similar as Alt1.
Proposal 2: It is proposed to consider the method of network-controlled eMBMS measurement or notifing UE the MBSFN area border cells in order to optimize the interruption time.
Proposal 3: If eMBMS measurement is adopted, RAN4 is expected to consider the group communication service continuity when defining the measurement performance requirement.
Proposal 4: If eMBMS measurement is adopted, it is proposed to adopt RSRP/RSRQ measurements.
3. Conclusion
In this document, we discussed the possible ways to improve group communication service continuity and provide the following observations and proposals.
Observation1: If UE moves out of a MBSFN area to a unicast area or other MBSFN area providing the same group communication, current mechanism cannot guarantee the requirement on service continuity.
Proposal 1: It is proposed to optimize the service interruption time.
Proposal 2: It is proposed to consider the method of network-controlled eMBMS measurement or notifing UE the MBSFN area border cells in order to optimize the interruption time.

Proposal 3: If eMBMS measurement is adopted, RAN4 is expected to consider the group communication service continuity when defining the measurement performance requirement.
Proposal 4: If eMBMS measurement is adopted, it is proposed to adopt RSRP/RSRQ measurements.
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