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1 Introduction

In RAN meeting #66, SC-PTM (Single Cell Point to Multi-point) is approved as a study item, see [1]. The objective of this study item is to investigate technical solutions for Single-cell PTM transmission in E-UTRAN. Investigations could be performed in the following areas:
· Method for UE to receive the DL multicast over PDSCH that is intended for a group of users (i.e. users that have common interest on a particular service/content). 

· Whether HARQ feedback and CSI report are still necessary for single-cell PTM transmission, and if so identify possible solutions.
· Service continuity aspects.
In this contribution, we discuss some high level requirement, scope, and potential solutions to support SC-PTM Service continuity. 

2 Service Continuity
Service continuity includes two aspects: bearer type change and mobility.
2.1 Bearer Type Selection from Network
The network may decide to enable (or disable) SC-PTM transmission, eMBMS transmission, or both on the same or different geographic areas for a group service.  The decision entity can be App server, the BM-SC, or RAN (MCE/MME) or combination of them. For example, App server may decide to send group user data to P-GW (for unicast delivery), and/or BM-SC (for eMBMS or SC-PTM delivery).  The BM-SC then decides if to use eMBMS or SC-PTM transmission. When network decides to enable (or disable) SC-PTM and/or eMBMS transmission, it needs to take into account the followings:

· The UE capability to support eMBMS, SC-PTM, or both. It can be known through pre-configuration or reporting from the UE.

· The RAN capability to support eMBMS, SC-PTM, or both. It can be known through pre-configuration or reporting from RAN before SC-PTM/MBMS session establishment.
· The number of the UEs that are interested in the service and their location distribution within the geographic area.  The counting can be performed in App Server, BM-SC, or RAN, or the combination of them. 
· Whether eNBs within the geographic area can be time synchronized or not.
· The network loading and congestion status.
2.2 Mobility 
With the introduction of SC-PTM, the UE can receive a group service via unicast, eMBMS, and/or SC-PTM.  The UE may receive SC-PTM or eMBMS in either RRC Idle state or RRC Connected state (See the other discussion paper [2].). 

2.2.1 UE in RRC Connected State

When the UE receives the group service in RRC Connected State, the UE should be able to send assistant information to eNB for eNB to try its best to ensure group service continuity. Note that the eNB has best knowledge on whether neighbour cells support SC-PTM or eMBMS through pre-configuration or through X2 interface. The following can be considered for SC-PTM service continuity in addition to current MBMS service continuity. 
· The UE indicates its interested group service (for example, TMGI, or group ID/G-RNTI) to eNB in MBMS Interested Indication message (or a new message);  

· The UE indicates the SC-PTM priority in addition to current priority for MBMS and unicast service. This parameter can be used by eNB in overload situation to decide which service (Group service, MBMS service, or uncast) to drop;
· The eNB handover UE to the frequency or cell with PTM support or MBMS support. It is up to eNB implementation to decide which cell to handover.  The eNB may obtain neighbor cell PTM configuration via X2 interface and send it to the UE via handover command.

· If none of PTM or MBMS are supported from target eNBs, the eNB may indicate UE to setup unicast channel on the current cell and then follow UC handover procedures. To ensure make-before-break, the UE needs to notify the App server to deliver the group user data to P-GW before eNB tears down the SC-PTM bearer.
· For carrier aggregation/Dual connectivity, the UE may receive the group service on SCell/SeNB, Configurable SCell, or even asynced SCell. The UE should be able to get neighbour cell SC-PTM service availability information in the PCell and then tunes to the corresponding cell without changing PCell. 
2.2.2 UE in RRC Idle State
The UE needs to discover the group services and associated bearer(s) (eMBMS, or SC-PTM bearer) when the UE performs cell selection or cell reselection to receive the service.  It also includes service continuity when the UE is receiving the group service in RRC Idle State. Similar as eMBMS, a group service via SC-PTM reception can be provided via more than one frequency layer in the same geographic area. The frequencies used to provide SC-PTM service(s) may change from one cell to another within a PLMN. The UE which is receiving group service via SC-PTM can autonomously make the frequency providing group services the highest priority when performing cell reselection. When the group service(s) the UE is interested in are not available or the UE is no longer interested in receiving the service(s) then normal cell reselection rules apply. On the same frequency layer, neighbouring cells may or may not support SC-PTM or eMBMS transmissions. It should allow the UE to select a desired cell for the service reception and service continuity in addition to current cell selection/reselection criterions. There could be a few options to ensure the service continuity once the UE is receiving the group service in RRC_IDLE.
2.2.2.1 Option 1: UE autonomous cell reselection

It is desirable that the serving cell and service layer information can send neighbour cell’s SC-PTM service availability information to avoid UE to read neighbour cell’s SC-PTM service availability information before switching over. If both eMBMS and SC-PTM for the corresponding group service is available on the neighbour cells, it can be up to UE implementation to select one or the other. If there is no neighbour cell supports SC-PTM and/or eMBMS, the UE may choose to enter RRC_CONNECTED state to follow service continuity described in 2.2.1 to avoid service interruption. 
2.2.2.2 Option 2 eNB controlled mobility
The UE determines that it is at the edge of SC-PTM coverage by monitoring RSRP/RSRQ or monitoring group service quality, for example, if RSRP/RSRQ is lower than a preconfigured or eNB indicated threshold, or if  BLER is higher than a target value. If so, the UE then switches to the RRC Connected state to apply mechanism in RRC_CONNTECTED state service continuity described in 2.2.1 to avoid service interruption. This option can be further optimized without UE entering the full RRC Connected state. For example, the UE can send a Cell Change Request to eNB in Msg3 of random access procedure. The eNB decides the target cell per UE interested TMGI and measurement results. The eNB then sends Cell Change Response including the target cell and necessary configuration information to the UE. The UE can enters RRC Idle state and reselect the target cell indicated by eNB and quick resume service on MBMS bearer or SC-PTM bearer.
3 Conclusions

In this contribution, we discussed some design aspects for SC-PTM service continuity and service cont. In particular, we propose the followings:

Proposal 1: Study network entities to decide enabling (or disabling) SC-PTM transmission, eMBMS transmission, or both based on network configuration, UE capability, and/ or UE counting report. 

Proposal 2: Study signalling and procedures to ensure group service continuity while the UE is in RRC Idle state.

Proposal 3: Study signalling and procedures to ensure group service continuity while the UE is in RRC Connected state.
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