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1 Introduction

One of the objectives of SC-PTM work item is to specify necessary solutions for service continuity in cases when UE moves from a cell where a service is provided via SC-PTM to a cell where the service is provided using either SC-PTM or unicast. In this paper, we discuss the findings of the SC-PTM study and propose an efficient solution for service continuity.
This paper describes the complete solution which includes issues in the areas of RAN2 and RAN3 competence. Issues in sections 2.1, 2.2 and 2.3 are mainly addressed to RAN2. Sections 2.1and 2.3 discuss issues targeted for RAN3 discussion.
2 Discussion and Proposal
2.1 Coordinated RNTI Allocation 
The service interruption times of group call where analyzed during the SC-PTM study [1]. The service interruption time in SC-PTM to SC-PTM case is reported to be an average 100 ms and in the worse case 180 ms which is significantly lower than the SC-PTM to unicast case with the average and the worse interruption times of 170 ms and 350 ms, respectively. Several solutions were discussed to address the service continuity during the study phase, see section 7.2 in [1]. However, the solutions do not include an option of a coordinated RNTI allocation which is mentioned in the [1]. In the SC-PTM to SC-PTM case, the interruption time can be further reduced to 50 ms on average if SC-PTM is transmitted using the same RNTI value in both cells which can be achieved through a reserved RNTI value or a coordinated RNTI allocation (e.g. O&M or X2 signaling). The coordinated RNTI allocation is the most efficient solution for the SC-PTM to SC-PTM case if the service interruption times without the coordinated RNTI allocation are not acceptable. 
Proposal 1: A coordinated RNTI allocation for SC-PTM transmission should be used to minimize the service interruption time.

2.2
Broadcasting of services available in neighboring cells

The service interruption in SC-PTM to unicast case is largely impacted by the SI and SC-PTM configuration information acquisition. According to the analysis, the UE may spend up to 180 ms on the SI and SC-PTM configuration information acquisition just to find that the service is not provided in the target cell by SC-PTM. In principle, all solutions included in [1] address this problem. We recognize solutions 3 and 4 the most relevant (considering UEs in RRC_CONNECTED state only). However, the provisioning of neighbor cells’ SC-PTM configuration information may mean a significant signaling overhead which is not necessary as we discuss below.
A solution for service continuity can be based only on the provisioning of the service availability in neighboring cells instead of provisioning SC-PTM configuration. Broadcasting in the source cell the services available in neighboring cells, e.g. list of TMGIs or a bitmap indicating which services of the source cell are available in a neighboring cell, seems the most suitable way of the information provisioning but a dedicated signaling could be also considered. UEs in RRC_IDLE state could utilize the broadcast information in any implementation specific optimization. 
The provisioning of neighbor cell’s SC-PTM services (i.e. the solution proposed in this paper) compares to the provisioning of neighbor cell’s SC-PTM configuration information (i.e. solution 4 in [1]) as follows.

 In case of SC-PTM to SC-PTM and if the coordinated RNTI allocation is used, then this solution minimizes the amount of data to be provided in the source cell whilst the service interruption time is the same as if SC-PTM configuration information is provided in the source cell. 
Considering the case of SC-PTM to unicast, we could further differentiate two sub-cases:

a) neighbor cell does not provide SC-PTM at all: There is no difference. Neither SC-PTM services nor SC-PTM configuration information is broadcast in the source cell.; and
b)   a given group call is not provided using SC-PTM (but SC-PTM service is provided in the neighbor cell): Like in the case of SC-PTM to SC-PTM, signaling of SC-PTM services requires less signaling.
Proposal 2: A cell providing a service using SC-PTM should also provide information (preferably broadcast) about what services are available in neighboring cells using SC-PTM. It is not necessary for a cell to provide neighbor cell’s SC-PTM configuration information other than a list of available services in the neighbor cells.
2.3
SC-PTM Information Exchange between eNBs
In order to be able to provision UE(s) with a list of services available in neighboring cell, the eNB needs to acquire this information. For example, X2 interface can be enhanced for this purpose. X2 Setup procedure may include SC-PTM information exchange so that the X2 SETUP REQUEST message includes a list of MEBM services provided in a cell controlled by eNB1 via SC-PTM. The reply from eNB2, the X2 SETUP RESPONSE message, includes a list of MBMS services provided in a cell (e.g. neighboring to the cell received in the request) controlled by eNB2 via SC-PTM. This is shown on Figure 1.
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Figure 1: X2 Setup, successful operation with SC-PTM information exchange
X2 eNB Configuration Update procedure can be enhanced similarly. X2 eNB configuration Update procedure would be used each time the list of MBMS services provided via SC-PTM in a cell control by the eNB changes. If the list of MBMS services via SC-PTM is assumed to change frequently, it would be worth to consider introduction of dedicated procedures for this purpose. For example, a class 1 (e.g. X2 SC-PTM INFO REQUEST) procedure could be used to initial information exchange which may be further followed by class 2 procedure providing an update when the list changes (e.g. new MBMS service via SC-PTM is started). 
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Figure 2: X2 SC-PTM Info, successful operation
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Figure 3: X2 SC-PTM Info Update
Proposal 3: The system should be enhanced to allow for SC-PTM information exchange concerning MBMS services available via SC-PTM in neighboring cells. 
2.4
UE Operation

The overall procedure proposed by the solution can be illustrated with an example of two eNBs (eNB1 and eNB2) controlling one cell each (cell#1 and cell#2). Figure 4 shows the message flow when the procedure is applied.
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Figure 4: Example flow
The UE may use the received information about availability of MBMS services via SC-PTM in neighboring cells either proactively or reactively. It may not be necessary to specify any specific UE behavior but instead leave the choice to the implementation. To act proactively, the UE may anticipate to which cell it is going to move (handover or cell reselection) and if the broadcast information indicates that the target cell does not provide the MBMS service via SC-PTM then the UE requests unicast delivery in the source cell. In case of UE in RRC_CONNECTED mode, the network should know UE’s interest in MBMS services for possible steering towards cell providing MBMS service via SC-PTM. The steering may mean that UE is not handed over to the best cell (in terms of receive radio channel quality) but to a more suitable cell where the MBMS service is available. The UE does not know until the reception of the HandoverCommand message the target cell and whether MBMS service is going to be provided in that target cell. In the RRC_CONNECTED case, the proactive approach may result in an unnecessary establishment of unicast delivery in the source cell. The UE (in RRC_CONNECTED state) may decide to act reactively and refrain from the establishment of unicast delivery in the source cell either to avoid the unnecessary establishment of unicast delivery or by implementation. However, if the UE does not act proactively and the unicast bearer is not established in the source cell, then the service interruption times may be between 170 ms (RRC_CONNECTED) to 250 ms (RRC_IDLE) based on the analysis in [1] section 6.4.2 copied below. The SC-PTM configuration information is not applicable because the UE receives the information about SC-PTM service availability in the source cell.
Table 6.4.2-1: Average and worst case (in brackets) interruption time estimation for mobility from SC-PTM to unicast

	Component
	Time (ms)
	Comments

	SC-PTM SIB reading delay
	40 (80)
	Assuming the scheduling periodicity of the SC-PTM SIB is 80ms.

	Acquisition of the SC-MCCH configuration for SC-MCCH reception
	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
	In RRC_IDLE: 220-350 (220-430) 
In RRC_CONNEC-TED: 170 (350)
	


Note 1: The UE may experience additional service interruption due to the acquisition of target cell MIB and SIB1 (i.e. 30ms).

Proposal 4: It should be left for UE implementation to decide how the information about MBMS service availability in neighboring cells is utilized.

3 Conclusion

This paper discusses the findings of SC-PTM study regarding service continuity and proposes a solution addressing the service continuity objective of SC-PTM work item. The solution can be summarized by the following proposals 
Proposal 1: A coordinated RNTI allocation for SC-PTM transmission should be used to minimize the service interruption time.

Proposal 2: A cell providing a service using SC-PTM should also provide information (preferably broadcast) about what services are available in neighboring cells using SC-PTM. It is not necessary for a cell to provide neighbor cell’s SC-PTM configuration information other than a list of available services in the neighbor cells.

Proposal 3: The system should be enhanced to allow for SC-PTM information exchange concerning MBMS services available via SC-PTM in neighboring cells. 

Proposal 4: It should be left for UE implementation to decide how the information about MBMS service availability in neighboring cells is utilized.

It is sourcing company intention to prepare CRs introducing the solution to the specifications when the principles of the solution described by the proposals above are agreed.
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