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Discussion
1 Introduction

The MBMS service continuity was studied in Rel-11 WI: Service continuity improvements for MBMS for LTE, and the goal was to enable UE to keep receiving MBMS service via MBSFN transmission after serving cell change, i.e. handover or cell re-selection. In order to achieve this goal, RAN2 introduced the MBMS Interest Indication and autonomous MBMS frequency prioritization for RRC_CONNECTED UE and RRC_IDLE UE, respectively.

However, the discussion about SC-PTM service continuity has been focused on how to reduce service interruption time when serving cell change, not how to enable UE to keep receiving MBMS service via SC-PTM transmission when serving cell changes.

In this contribution, based on previous RAN2 agreements, we discuss how to provide the SC-PTM reception continuity for UE.
2 Discussion
The possible service interruption time was evaluated for each mobility scenarios in previous e-mail discussion R2-152460 [1]. The scenario 1 is UE moves from SC-PTM cell to another SC-PTM cell, and the scenario 2 is UE moves from SC-PTM cell to unicast cell.
Average and worst case (in brackets) interruption time estimation for Scenario 1 [1]
	Component
	Time (ms)
	Comments

	SC-PTM SIB reading delay
	40 (80)
	Assuming the configuration for SC-MCCH reception is accommodated in a new SC-PTM SIB, and the scheduling periodicity of the SIB is 80ms.

	Acquisition of the SC-MCCH configuration for SC-MCCH reception (SC-PTM SIB)
	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-MCCH info, e.g. TMGI to Group-RNTI mapping
	10 
	Processing delay at the UE



	Total time
	100 (180)
	


Average and worst case (in brackets) interruption time estimation for Scenario 2 [1]
	Component
	Time (ms)
	Comments

	SC-PTM SIB reading delay
	40(80)
	Assuming the configuration for SC-MCCH reception is accommodated in a new SC-PTM SIB, and the scheduling periodicity of the SIB is 80ms.

	Acquisition of the SC-MCCH configuration for SC-MCCH reception (SC-PTM SIB)
	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-MCCH info, 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) 
	


The UE in figure 1 is receiving an MBMS service via SC-PTM transmission from cell ‘A’. According to above evaluation, if the UE moves to unicast cell ‘B’, the UE will suffer from the service interruption for 430ms in worst case. On the other hand, the UE prioritizes frequency 2 and then moves to SC-PTM cell ‘C’, the UE will suffer from the service interruption for 180ms in worst case.

[image: image1.emf]SC-PTM cell ‘A’ unicast cell ‘B’

SC-PTM cell ‘C’

Frequency 1

Frequency 2


Figure 1. Difference of service interruption time according to mobility scenario
Consequently, if the SC-PTM reception continuity, i.e. moving from a SC-PTM cell to another SC-PTM cell, is provided to UE, the service interruption time also will be reduced. 
Conclusion 1  If the SC-PTM reception continuity is provided to UE, the service interruption time also will be reduced.
Therefore, the solution of SC-PTM service continuity should contribute to not only reducing the service interruption but also SC-PTM reception continuity.
Proposal 1      The solution of SC-PTM service continuity should contribute not only to minimizing the service interruption but also to SC-PTM reception continuity. 

Regarding SC-PTM service continuity for RRC_CONNECTED mode, followings have been agreed:
· Adopt solution 3 to minimize the service interruption time for UEs in RRC_CONNECTED. (RAN2#90)

· Solution 3: Provision of neighbouring cell SC-PTM control info during handover.

· Reuse the existing SIB15 based MBMS service continuity concept for SC-PTM. RRC_CONNECTED UEs will send the MBMSInterestIndication message so that the eNB can assist the UE to stay or get on the right carrier frequency during handover. (RAN2#91bis)
· The UE in RRC_CONNECTED state can report the MBMS service(s) of interest (e.g. TMGI) in the MBMSInterestIndication message. (RAN2#91bis)

According to above agreements, the RRC_CONNECTED UE behaviour in each mobility scenario is as follows:
· Step 1. UE informs eNB of the TMGI of interested service.

· Step 2. If there is a suitable SC-PTM neighbour cell, the UE receives neighbour cell SC-PTM information during handover and will be handed over to the SC-PTM cell. 
· Step 2`. If there is no SC-PTM neighbour cell, the UE doesn’t receives any neighbour cell SC-PTM information during handover. So the UE initiates unicast service request immediately. 
For RRC_CONNECTED UE, current solutions are sufficient not only to minimize the service interruption time, but also to provide the SC-PTM reception continuity.
Conclusion 2  For RRC_CONNECTED UE, current solutions are sufficient not only to reduce the service interruption time but also to provide the SC-PTM reception continuity.
Regarding SC-PTM service continuity for RRC_IDLE mode, followings have been agreed:

· Down select solution 3 and solution 4 as potential solutions to minimize the service interruption time for UEs in RRC_IDLE. (RAN2#90)
· Solution 3: Broadcast of neighbouring cell SC-PTM control info.

· Solution 4: eNB assisted RRC connection establishment.
· As the baseline, reuse the existing SIB15 based MBMS service continuity concept for SC-PTM. Further enhancements on SIB15 and MII are not precluded. (RAN2#90)
· Reuse the existing SIB15 based MBMS service continuity concept for SC-PTM. RRC_IDLE UEs will perform autonomous frequency prioritization (i.e. prioritize the SC-PTM frequency for reselection) (RAN2#91bis)
· The availability in neighbour cells of each MBMS service included in SC-MCCH in the source cell should be indicated. SI or MCCH can be FFS. (RAN2#91bis)
According to above agreements, the RRC_IDLE UE behaviour in each mobility scenario is as follows:

· Step 1. UE receives SC-PTM cell list and SC-PTM frequency information corresponding to interested TMGI. 
· Step 2. UE prioritizes the SC-PTM frequency to keep receiving the SC-PTM transmission. 
The SC-PTM transmission is not limited to a specific frequency, while MBSFN transmission is limited to a specific frequency. So there may be multiple neighbour SC-PTM frequencies corresponding to an MBMS service as shown in figure 2. In figure 2, SC-PTM cell ‘A’, ‘C’ and ‘D’ are providing the same MBMS service via SC-PTM transmission, but they are operated on different carrier frequency. Therefore, current SC-frequency prioritization solution requires trial and error as follows:

· Step 3. UE decides whether the SC-PTM reception is possible from the prioritized SC-PTM frequency as follows: If the cell identity of the best ranked cell on the prioritized SC-PTM frequency is listed in the broadcasted service continuity information, UE camps on the cell and keeps receiving the SC-PTM transmission. If the cell identity of the best ranked cell on the prioritized SC-PTM frequency is not listed in the broadcasted service continuity information, the UE prioritizes the second SC-PTM frequency which is mapped to the interested service.
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Figure 2
The current solution for the SC-PTM reception continuity could negatively affect the service interruption time. By prioritizing wrong SC-PTM frequency, the service interruption time will increase rather than decrease. 
If the SC-PTM frequency prioritization is excluded and the RRC connection establishment based on broadcasted SC-PTM cell list (=solution 4) is adopted, moderate service interruption time will be guaranteed. However, as mentioned above, if SC-PTM reception continuity is provided and the UE can re-select another SC-PMT cell, the service interruption time also can be reduced.
Conclusion 3  For RRC_IDLE UE, the SC-PTM frequency prioritization could negatively affect the service interruption time. 
Therefore, we propose an enhanced service continuity solution for RRC_IDLE UE to support both minimizing service interruption time and SC-PTM reception continuity. To achieve these, only one step needs to be specified as follows:
· Step 1. UE receives SC-PTM cell list and SC-PTM frequency information corresponding to interested TMGI. 
· Proposed Step 2. If the best ranked cell on broadcasted SC-PTM frequency is one of the broadcasted SC-PTM cells, UE prioritizes the SC-PTM frequency. 
Then, UE will prioritize a SC-PTM frequency only when the UE can receive the SC-PTM transmission from that frequency in its location. Otherwise, UE will not prioritize a SC-PTM frequency, and initiate RRC connection setup immediately to request unicast service. So we propose UE behaviour should be specified as below:
Proposal 2      RRC_IDLE UE should prioritize a SC-PTM frequency only when the best ranked cell on that frequency is one of the broadcasted SC-PTM cells corresponding to the interested service.
3 Conclusion
In this contribution we discuss SC-PTM service continuity in terms of both service interruption time and SC-PTM reception continuity and made following conclusions and proposals:
Conclusion 1  If the SC-PTM reception continuity is provided to UE, the service interruption time also will be reduced.
Conclusion 2  For RRC_CONNECTED UE, current solutions are sufficient not only to reduce the service interruption time but also to provide the SC-PTM reception continuity.
Conclusion 3  For RRC_IDLE UE, the SC-PTM frequency prioritization could negatively affect the service interruption time.

Proposal 1      The solution of SC-PTM service continuity should contribute not only to minimizing the service interruption but also to SC-PTM reception continuity. 

Proposal 2      RRC_IDLE UE should prioritize a SC-PTM frequency only when the best ranked cell on that frequency is one of the broadcasted SC-PTM cells corresponding to the interested service.
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