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1
Introduction
In this contribution, we will analyze the service continuity issue for group communication over eMBMS. We will first analyze different service continuity scenarios, including service continuity scenarios due to UE mobility and service continuity scenarios as a result of counting and pre-emption. We will then analyze potential solutions to solve the service continuity issue.
2
Service continuity scenarios
2.1 Service continuity due to UE mobility

· Scenario 1: Service continuity within MBSFN area
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Figure1: Service continuity within MBSFN area

Mobility procedures for MBMS reception in current specification allow the UE to start or continue receiving MBMS services via MBSFN when changing cells, i.e. the current procedures already provide support for service continuity with respect to mobility within the same MBSFN area without service interruption.
Observation 1: There is no service interruption for mobility within the same MBSFN area.
· Scenario 2: Service continuity between different MBSFN areas on the same frequency
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Figure 2: Service continuity between MBSFN areas on the same frequency
Within the same geographic area, MBMS services can be provided on more than one MBSFN areas. For a UE receiving the group communication data over eMBMS, if the new cell as result of mobility belongs to another MBSFN area which provides the same service, the UE needs to first read the SIB13 and MCCH information before receiving the same group communication session over eMBMS in the new cell. 
Service interruption in this scenario is subject to several factors, such as timing difference between cells on MBSFN area edge, and UE capability. Actually, service continuity in this scenario was discussed in Rel-11 “MBMS service continuity” WI, and the conclusion was that “it is FFS whether the UE can keep service continuity when moving from MBSFN area1 to MBSFN area2 both on same carrier and both provide the same service” [2]. 
Observation 2: It is unclear whether service continuity could be guaranteed for mobility between MBSFN areas on the same frequency. 
· Scenario 3: Service continuity between different MBSFN areas on different frequencies
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Figure 3: Service continuity between MBSFN areas on different frequencies
Within the same geographic area, MBMS services can be provided on more than one frequency and the frequencies used to provide eMBMS services may change from one geographic area to another. In Rel-11, SIB15 was introduced to inform UE about the MBMS SAI information on the current and neighbour frequencies, by which the UE could re-select or be handed over to appreciate frequency to continue receiving the MBMS service of interest. 

Example procedures for the mobility between MBSFN areas on different frequencies are described as follow:

1) The UE initially camps on Cell1 in MBSFN Area1 and receives the MBSFN service of interest.
2) The UE moves and reselects to intra-frequency Cell2.  The UE finds that Cell2 is out of the scope of MBSFN Area1 after reading SIB13 in Cell2. 

3) To continue receiving the MBSFN service of interest, the UE reads SIB15 on Cell2 and knows that the MBMS service of interest is provided on F2.
4) The UE sets F2 as the highest priority frequency and reselects to Cell3 on F2.
5) The UE reads MIB/SIB1/SIB2/SIB13 as well as the MCCH information on Cell3.

6) The UE acquires MSI and then continue receiving the MBMS service of interest on MBSFN Area2.
The UE may undergo service interruption at any time after Step 1, depending on the MBSFN signal quality in MBSFN area edge and UE capability. We assume that the UE can continue receiving the MBMS service of interest on MBSFN Area 1 before Step 4. The service interruption time is evaluated in Table 1 below:
Table 1: Service interruption time for scenario 3
	Component
	Time 
	Comments

	Cell reselection delay from Cell2 to Cell3
	1000ms
	UE at least stay 1 second in Cell 2 before reselect to Cell 3

	MIB reading delay on Cell3
	40ms
	

	SIB1 reading delay on Cell3
	80ms
	

	SIB2, SIB13 and SIB15 reading delay on Cell3
	160ms
	Assuming SIB13/15 scheduling periodicity is 320ms, and SIB2 scheduling periodicity is shorter

	MCCH reading delay on Cell3
	160ms
	Assuming MCCH repetition periodicity is 320ms

	MSI reading delay
	40ms
	Assuming MSP=80ms

	Total delay
	1480ms
	


Observation 3: Around 1480ms service interruption time could be observed for the mobility between different MBSFN areas on different frequencies. 
· Scenario 4: Service continuity during outbound mobility (from MBSFN area to Non-MBSFN area)
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Figure 4: Service continuity during outbound mobility
Example procedures for the mobility from MBSFN area to Non-MBSFN area are described as follow:
1) The UE initially camps on Cell1 in MBSFN Area1 and receives the MBSFN service of interest.
2) The UE moves and reselects to intra-frequency Cell2 which is out of the scope of MBSFN Area1. The UE finds that Cell2 is out of the scope of MBSFN Area1after reading SIB13 in Cell2. 

3) The UE reads SIB15 on Cell2 and finds no suitable frequency to continue receiving the MBMS service of interest.

4) The UE triggers the unicast bearer setup via application level signalling to continue receiving the group communication over unicast.
The UE may undergo service interruption at any time after Step 1, depending on the MBSFN signal quality in MBSFN area edge and UE capability. We assume that the UE can continue receiving the MBMS service of interest on MBSFN Area 1 before the reselection to Cell2. If the UE is in idle mode, additional interruption time will be observed due to the latency for RRC connection establishment. The service interruption time is evaluated in Table 2 below.
Table 2: Service interruption time for scenario 4
	Component
	Time
	Comments

	MIB reading delay on Cell2
	40ms
	

	SIB1 reading delay on Cell2
	80ms
	

	SIB2, SIB13 and SIB15 reading delay on Cell2
	160ms
	Assuming SIB13/15 scheduling periodicity is 320ms, and SIB2 scheduling periodicity is shorter.

	State transition delay from RRC_IDLE to RRC_CONNECTED
	80ms
	Section B.1.1.1 of TR 36.912

	Dedicated bearer for VoIP establishment
	115ms
	Section 5.1.1.1 of TR 36.868

	Total delay
	475ms
	


Observation 4: Around 475ms service interruption time could be observed for the mobility from MBSFN area to Non-MBSFN area. 
· Scenario 5: Service continuity during inbound mobility (from Non-MBSFN area to MBSFN area)
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Figure 5: Service continuity during inbound mobility
For a UE receiving the group communication data over unicast, when the UE noticed that the target cell as result of mobility supports the on-going group communication session over eMBMS, e.g. by the reading of SIB13 and MCCH information, the UE could start receiving the group communication data over eMBMS. Then after the successful reception of the group communication data from eMBMS delivery, the UE could use an application level signalling to trigger the release of the unicast bearer. This “soft handover” will not result in service interruption. 

Observation 5: There is no service interruption for the mobility from Non-MBSFN area to MBSFN area.
2.2 Service continuity due to switch between multicast and unicast as a result of counting
· Scenario 6: Switch from multicast to unicast as a result of counting
Based on the current counting mechanism, if MCE finds that the number of UEs which are receiving or interested to receive a specified MBMS service via MRB is below a threshold, the MCE may decide to deactivate the multicast delivery for the service. Then eNB will update the MCCH information and stop the MTCH scheduling as per the request from MCE. Once the UE noticed that it will no longer be able to receive the service via MBMS, it will trigger the unicast bearer setup via application level signalling to continue receiving the service over unicast. The UE will undergo a service interruption before the unicast bearer is ready.  The service interruption time is evaluated in Table 3 below:
Table 3: Service interruption time for scenario 6

	Component
	Time
	Comments

	State transition delay from RRC_IDLE to RRC_CONNECTED
	80ms
	Section B.1.1.1 of TR 36.912

	Dedicated bearer for VoIP establishment
	115ms
	Section 5.1.1.1 of TR 36.868

	Total delay
	195ms
	


Observation 6: Around 195ms service interruption time could be observed for the switch from multicast to unicast as a result of counting. 
· Scenario 7: Switch from unicast to multicast as a result of counting
Based on the current counting mechanism, if MCE finds that the number of UEs which are receiving or interested to receive a specified MBMS service via MRB is above a threshold, the MCE may decide to activate the multicast delivery for the service. Once the UE noticed that the current cell supports the on-going group communication session over eMBMS, e.g. by the MCCH reading, the UE could start receiving the group communication data over eMBMS. After the successful reception of the group communication data from eMBMS delivery, the UE could use an application level signalling to trigger the release of the unicast bearer. This “soft switch” will not result in service interruption. 
Observation 7: There is no service interruption for the switch from unicast to multicast as a result of counting.
2.3 Service continuity due to switch between multicast and unicast as a result of pre-emption
· Scenario 8: Switch from multicast to unicast as a result of pre-emption
MME configures the QoS parameters (e.g. QCI and ARP) to MCE in the MBMS Session Start procedure. During the situation of resource limitation, higher priority MBMS sessions might pre-empt lower priority MBMS sessions. In this case, eNB will update the MCCH information and suspend the MTCH scheduling for low priority MBMS sessions as per the request from MCE. Once the UE noticed that it will no longer be able to receive the service of interest via MBMS, it will trigger the unicast bearer setup via application level signalling to continue receiving the service of interest over unicast. The UE will undergo a service interruption before the unicast bearer is ready. The service interruption time is the same as that of Scenario 6 – 195ms.
Observation 8: Around 195ms service interruption time could be observed for the switch from multicast to unicast as a result of pre-emption.
· Scenario 9: Switch from unicast to multicast as a result of pre-emption
Once the resource limitation is alleviated, the previously pre-empted low priority MBMS sessions might be resumed. In this case, UE behaviour is the same as that in Scenario 7, where with the “soft switch” no service interruption will be observed.
Observation 9: There is no service interruption for the switch from unicast to multicast as a result of pre-emption.
Proposal 1: Agree above observations on service continuity and capture the corresponding analysis into TR 36.868.
3
Potential service continuity solutions
As agreed by RAN2#84, we assume that UE will request the service via unicast by application layer signalling if it does no longer receive a service via MBSFN, i.e., the delivery via unicast is not triggered by the eNB. In order to minimize the service interruption time, the UE shall trigger the unicast request to GCSE server before the service is actually interrupted and at the same time reserve sufficient time for the unicast bearer setup. Different service continuity scenarios might need different solutions. 

During the switch of transmission between MBSFN and unicast, the UE should expect to receive duplicated packets. It is assumed that duplicate handling could be performed at upper layers, e.g. protocol layer or application layer.
3.1 Request of unicast when UE is about to move out from the MBSFN area
By the request of unicast when UE is about to move out from the MBSFN area, service continuity issue for the following scenarios could be addressed:
· Scenario 2: Service continuity between different MBSFN areas on the same frequency
· Scenario 3: Service continuity between different MBSFN areas on different frequencies
· Scenario 4: Service continuity during outbound mobility (from MBSFN area to Non-MBSFN area) 

Following are two potential methods that could be used by the UE to detect whether it is about to move out from the MBSFN area.  
· MBSFN measurement based method
In the context of Minimization of Drive Test for MBMS, RAN1 defined the following standardized MBSFN radio measurements [2]: 
· MBSFN RSRP per MBSFN area

· MBSFN RSRQ per MBSFN area

· MCH BLER measurement per MCS per MBSFN area 

In group communication, we could reuse above MBSFN radio measurements for UE to detect whether it is about to move out from the MBSFN area. For example, when the measurement result of the MBSFN area becomes worse than threshold, UE knows that it is about to leave the MBSFN area, in which case it should indicate the GCSE server to initiate a unicast bearer setup prior to losing the connection from MBSFN transmission.

Amongst above MBSFN radio measurements, MCH BLER is not a proper quantity for group communication, because it is calculated based on the CRC of MCH TBs over a long time period as a result it is not prompt enough as compared to MBSFN RSRP and MBSFN RSRQ. For MBSFN RSRP and MBSFN RSRQ, it is not clear whether network needs to configure different thresholds for different MCS, since the PMCH with high MCS is more sensitive to the radio signal deterioration hence it should initiate the unicast bearer setup earlier than the PMCH with low MCS.
· MBSFN area boundary indication based method

In order to avoid the complexity caused by MBSFN measurement and criteria evaluation, one alternative method to detect whether it is about to move out from the MBSFN area is explicit MBSFN area boundary indication. In this method, cells at the boundary of the MBSFN area will broadcast a MBSFN area boundary indication, i.e. one bit per MBSFN area in SIB13. 
When UE receives the MBSFN area boundary indication and realizes that it is approaching the boundary of MBSFN area, the UE will indicate the GCSE server to initiate the unicast bearer setup prior to losing the connection from MBSFN transmission.
For both of the above two methods, it is worth to discuss whether the trigger for unicast request should be standardized or could be left to the UE implementation, since anyway the initiation of unicast bearer setup is performed by the application layer of UE which can’t be specified in any AS and NAS specification.
Proposal 2: Discuss whether to define a standardized trigger upon which the UE starts requesting data via unicast in case the UE is about to move out from the MBSFN area.
3.2 Request of unicast when MBMS session is suspended
By the request of unicast when MBMS session is suspended, service continuity issue for the following scenarios could be addressed:

· Scenario 6: Switch from multicast to unicast as a result of counting
· Scenario 8: Switch from multicast to unicast as a result of pre-emption
With this solution, the UE could be aware of the upcoming MBSFN delivery termination with the help of network. As an example, when the network decides to suspend a MBMS service (e.g. as a result of counting or pre-emption), it sends an explicit indication (e.g. on MCCH) to notify the UE that MTCH transmission will continue for a while after the configuration of the MBMS service is removed from MCCH. The UE will indicate the GCSE server to initiate the unicast bearer setup when the configuration of the MBMS service is removed from MCCH, meanwhile continue decoding the MTCH transmission.
Proposal 3: In case the network is about to suspend a MBMS session (e.g. as a result of counting or pre-emption), inform the UE before the actual MBSFN delivery termination.
4
Conclusion
In this contribution, we analyzed the service continuity issue for group communication over eMBMS. 

We first analyzed different service continuity scenarios, including service continuity scenarios due to UE mobility and service continuity scenarios as a result of counting and pre-emption, and we had the following observations:

Observation 1: There is no service interruption for mobility within the same MBSFN area.

Observation 2: It is unclear whether service continuity could be guaranteed for mobility between MBSFN areas on the same frequency. 
Observation 3: Around 1480ms service interruption time could be observed for the mobility between different MBSFN areas on different frequencies. 
Observation 4: Around 475ms service interruption time could be observed for the mobility from MBSFN area to Non-MBSFN area. 
Observation 5: There is no service interruption for the mobility from Non-MBSFN area to MBSFN area.
Observation 6: Around 195ms service interruption time could be observed for the switch from multicast to unicast as a result of counting. 
Observation 7: There is no service interruption for the switch from unicast to multicast as a result of counting.
Observation 8: Around 195ms service interruption time could be observed for the switch from multicast to unicast as a result of pre-emption.
Observation 9: There is no service interruption for the switch from unicast to multicast as a result of pre-emption.
And we proposed:
Proposal 1: Agree above observations on service continuity and capture the corresponding analysis into TR 36.868.
We then analyze potential solutions to solve the service continuity issue, and we proposed:

Proposal 2: Discuss whether to define a standardized trigger upon which the UE starts requesting data via unicast in case the UE is about to move out from the MBSFN area.

Proposal 3: In case the network is about to suspend a MBMS session (e.g. as a result of counting or pre-emption), inform the UE before the actual MBSFN delivery termination.
RAN2 is respectfully asked to discuss and agree on the above proposals.
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