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1   Introduction
In RAN#66, a new Study Item on “Support of Single-cell PTM transmission in LTE” was approved [1]. The objective of this Study Item is to investigate technical solutions for SC-PTM transmission. In this contribution, we will first discuss the service continuity scenarios for SC-PTM and identify the service interruption time in these scenarios. We will then propose possible solutions.
2   GCSE/MCPTT requirements on service continuity
The requirement on service continuity for GCSE was defined in section 5.1.3 of TS 22.468 [2], as follow:
When UEs are moving among cells during Group Communication, service continuity shall be supported.
In the scope of MCPTT, the following requirement on service continuity was specified in section 6.4.1 of TS 22.179 [3].
[R-6.4.1-001] Interruption to an MCPTT Group Call shall be minimized when participates move from one area to another.
However, for both GCSE and MCPTT, no specific target was defined on the group call interruption time.
3   Service continuity scenarios
In the following sections, when evaluating the service interruption time for different service continuity scenarios, we will use the existing values on latency that can be found in the GCSE TR (i.e. TR 36.868 [4]) for some of the procedures, e.g. the latency for dedicated bearer setup, the latency for requesting the GCSE server to switch the group call between unicast and multicast, and the processing latency at the UE. For the SC-PTM relevant procedures, e.g. the latency for acquiring the SC-PTM configuration, the value is assumed based on the SC-PTM design in [5].
· Scenario 1: Moving from SC-PTM to SC-PTM
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Figure 1: Moving from SC-PTM to SC-PTM
For a UE receiving the group call over SC-PTM, if the target cell as result of mobility provides the same group call by SC-PTM, the UE needs to first acquire the SC-PTM configuration in the target cell, and then continue to receive the ongoing group call. The estimated service interruption time for average and worst case is provided in Table 1.
Table 1: Average and worst case (in brackets) service interruption time estimation for Scenario 1
	Component
	Time (ms)
	Comments

	SC-PTM SIB reading delay
	40 (80)
	The SC-MCCH configuration is accommodated in the new SC-PTM SIB. Assuming the scheduling periodicity for the new SIB is 80ms.

	Acquisition of SC-MCCH configuration
	10
	Processing delay at the UE

	Delay due to SC-MCCH repetition period
	40  (80)
	For SC-MCCH repetition period of 80ms. 

	Acquisition of SC-PTM configuration, e.g. TMGI to Group-RNTI mapping
	10 
	Processing delay at the UE



	Total time
	100 (180)
	


Observation 1: For scenario 1, the average and worst case service interruption time are 100ms and 180ms respectively. 
· Scenario 2: Moving from SC-PTM to Unicast
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Figure 2: Moving from SC-PTM to Unicast
In this scenario, the UE needs to setup the unicast bearer to continue the ongoing group call reception in the target cell, either because SC-PTM is not configured in the target cell or because SC-PTM is configured in the target cell but the ongoing group call is not under SC-PTM transmission.
For UE in RRC_IDLE, the UE could know that the ongoing group call is not being transmitted over SC-PTM in the target cell from the absence of the SC-PTM SIB, or if the SC-PTM SIB is present after the acquisition of the SC-MCCH configuration, and then setup the unicast bearer to continue receiving the group call. The UE could be aware of the absence of the SC-PTM SIB in the target cell during the cell re-selection or handover procedure, as the scheduling information of the SC-PTM SIB is provided in SIB1. The estimated service interruption time for average and worst case is provided in Table 2.
For UE in RRC_CONNECTED, 50-80ms latency caused by the RRC connection establishment could be saved compared to UE in RRC_IDLE. 
Table 2: Average and worst case (in brackets) service interruption time estimation for Scenario 2
	Component
	Time (ms)
	Comments

	SC-PTM SIB reading delay
	40(80)
	The SC-MCCH configuration is accommodated in the new SC-PTM SIB. Assuming the scheduling periodicity for the new SIB is 80ms.

	Acquisition of SC-MCCH configuration
	10
	Processing delay at the UE

	Delay due to SC-MCCH repetition period
	40 (80)
	For SC-MCCH repetition period of 80ms.

	Acquisition of SC-PTM configuration, e.g. TMGI to Group-RNTI mapping
	10
	Processing delay at the UE

	RRC_Idle to RRC_Connected (if not already RRC_Connected)
	50 -80
	Clause 16.2 of TR 36.912 

	Time for requesting the service over unicast bearer 
	55
	Out of RAN2 scope, the figure is provided as a representative example

	Dedicated bearer for VoIP establishment
	115
	Assume dedicated bearer for VoIP is established using IMS. 

It is assumed 10ms for radio interface delay, 5ms for network interface delay and 5ms for processing delay in the calculation 

	Total time
	220-350

(220-430) 
	


Observation 2: For scenario 2, the average and worst case service interruption time are 220-350ms and 220-430ms respectively for UE in RRC_ IDLE, and are 170ms and 350ms respectively for UE in RRC_ CONNECTED.

· Scenario 3: Moving from SC-PTM to MBSFN
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Figure 3: Moving from SC-PTM to MBSFN
In this scenario, the ongoing group call is provided via MBSFN in the target cell. The UE needs to first know that the ongoing group call is being transmitted by MBSFN in the target cell by acquiring the SIB13 and MCCH info, and then continue to receive the ongoing group call by MBSFN. The estimated service interruption time for average and worst case is provided in Table 3:
Table 3: Average and worst case (in brackets) service interruption time estimation for Scenario 3 
	Component
	Time (ms)
	Comments

	SIB13 reading delay
	40(80)
	Assuming SIB13 scheduling periodicity is 80ms

	Acquisition of MCCH configuration in SIB13 
	10
	Processing delay at the UE

	Delay due to MCCH scheduling period
	160 (320)
	For MCCH repetition period of 320ms. 

	Acquisition of MCCH and MTCH configuration 
	10 
	Processing delay at the UE

	Time required if acquisition of multiple MCCHs is required.
	50 (100)
	Maximum MCCH offset value is 100ms. It is assumed that the reading of multiple MCCH is performed in parallel

	Total time
	270 (520)
	


Observation 3: For scenario 3, the average and worst case service interruption time are 270ms and 520ms respectively. 
· Scenario 4: Moving from Unicast to SC-PTM
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Figure 4: Moving from Unicast to SC-PTM
The UE is receiving the group call over unicast when the UE moving into SC-PTM cell, the UE can acquire the SC-PTM configuration while the group call is continuously received over the unicast. Therefore, there is no service interruption for the data delivery results. Upon establishment of SC-PTM bearer for the group call, the UE can inform the GSCE AS of the availability of SC-PTM bearer and as a consequence the unicast bearer can be released.
Observation 4: For scenario 4, there is no service interruption.

· Scenario 5: Moving from MBSFN to SC-PTM
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Figure 5: Moving from MBSFN to SC-PTM
In this scenario, the UE is receiving the group call over MBSFN and the target cell provides the same group call over SC-PTM. The service interruption time is the same as that in scenario 1.
Observation 5: For scenario 5, the average and worst case service interruption time are 100ms and 180ms respectively. 
The service interruption time for different scenarios is summarized in Table 4 as below.
Table 4: Summary of the service interruption time for different scenarios
	Service continuity scenarios
	Average and worst case (in brackets) service interruption time(ms)

	
	UE in RRC_IDLE
	UE in RRC_CONNECTED

	Scenario #1: Moving from SC-PTM to SC-PTM 
	100 (180)
	100 (180)

	Scenario #2: Moving from SC-PTM to Unicast
	220-350 (220-430)
	170 (350)

	Scenario #3: Moving from SC-PTM to MBSFN
	270 (520)
	270 (520)

	Scenario #4: Moving from Unicast to SC-PTM
	No interruption
	No interruption

	Scenario #5: Moving from MBSFN to SC-PTM
	100 (180)
	100 (180)


4   Possible solutions
Among the scenarios where service interruption is observed, it is not necessary to consider the scenario #5, as the service continuity problems in case of UE moving out of an MBSFN area has already been evaluated in Rel-12 GCSE and no enhancements were considered necessary. Moreover, it is not necessary to consider the scenario #3, as UE can first setup the unicast bearer to continue receiving the ongoing group call and at the same time acquire the MBSFN configuration, which already be covered by scenario #2. Therefore, in the SC-PTM study item, we only need to discuss the scenario #1 and #2.
Observation: In the SC-PTM SI, we only need to discuss the potential solutions for scenarios #1 and #2.
For the scenarios #1 and #2, there are a number of potential solutions which are seen feasible for mitigating the service interruption time to an acceptable level.
· Option 1: UE implementation specific solution 
Considering that the UE likely observes poor SC-PTM reception quality before leaving the cell providing the SC-PTM transmission, this solution is based on the UE detection of degrading SC-PTM reception quality (based on e.g. RSRQ, BLER). The UE requests the group call over unicast when the SC-PTM reception quality degraded below a threshold. The threshold may be UE implementation specific, or be defined as part of the GCSE application in the UE.
This solution is the solution agreed in Rel-12 GCSE for group call over MBSFN, hence RAN2 may consider to make the same decision for SC-PTM. 
· Option 2: Uniform solution for both RRC_IDLE and  RRC_CONNECTED

This solution is similar to the UE implementation specific solution, and the difference is that eNB will provide trigger criteria (e.g. RSRQ or BLER threshold) to the UE to assist the UE in requesting unicast bearer for the group call at an appropriate point in time. This solution is applicable for both RRC_IDLE and RRC_CONNECTED.
· Option 3: Separate solutions for RRC_IDLE and  RRC_CONNECTED

Different solutions will be considered for UE in RRC_IDLE and UE in RRC_CONNECTED.
For UE in RRC_IDLE: One cell could broadcast the SC-PTM configuration of the neighbour cells (like UMTS MBMS), so that the service interruption caused by the acquisition of target cell SC-PTM configuration could be eliminated.
For UE in RRC_CONNECTED: the SC-PTM configuration in the target cell, if present, could be provided to the UE during handover, thus service interruption caused by the acquisition of target cell SC-PTM configuration after handover could be avoided.
Note that as described in TR 36.868 [4], due to the differences of media transport delay over SC-PTM, MBSFN and Unicast, the receiving group member UEs may receive duplicate packets of the group call when switching the transmission mode. It is assumed that duplicate handling can be performed at the application layer, e.g. the media decoder.
5   Conclusion

In this contribution, we discussed the service continuity scenarios and identified the service interruption time in these scenarios. We also proposed possible solutions. We have the following proposals:

Proposal 1: Capture the analysis on service continuity scenarios and service interruption time into TR 36.890.
Proposal 2: Discuss the possible solutions and downselect them. 
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