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1 Introduction

WI of support of single-cell point-to-multipoint transmission in LTE is approved in RAN plenary (see [1]). One of the objectives of the WI is to specify necessary solutions to support SC-PTM service continuities. 
In this contribution, we propose solutions to support SC-PTM service continuities for UE in RRC_CONNECTED and RRC_IDLE in different scenarios. 

2 SC-PTM Service Continuity Scenarios and Solutions
With the introduction of SC-PTM, the UE can receive a group service via unicast, eMBMS, and/or SC-PTM.  

2.1 Scenario 1: Moving from SC-PTM/Unicast/MBSFN to SC-PTM 

When the UE receiving a group service over SC-PTM/unicast/MBSFN in the source cell moves to the target cell, the target cell provides the same group service over SC-PTM. 
2.1.1 UE in RRC_CONNECTED
When the UE receives the group service in RRC_CONNECTED State, we propose that the UE indicates its interested group service (for example, TMGI, or G-RNTI) to eNB in MBMS Interested Indication message. Since the length of TMGI (6 octets) is longer than G-RNTI (2 octets), G-RNTI can be added in MBMS Interested Indication message. The eNB then handovers UE to the cell supporting UE desired SC-PTM service. 
Proposal 1: Add G-RNTI list in MBMS Interest Indication message to indicate the SC-PTM service that the UE is receiving or interested to receive.
Below is the example ASN.1 change.

MBMSInterestIndication-r11-IEs ::=
SEQUENCE {


mbms-FreqList-r11




CarrierFreqListMBMS-r11


OPTIONAL,


mbms-Priority-r11




ENUMERATED {true}



OPTIONAL,


lateNonCriticalExtension


OCTET STRING




OPTIONAL,


nonCriticalExtension



MBMSInterestIndication-r13-IEs





OPTIONAL

}
MBMSInterestIndication-r13-IEs ::=
SEQUENCE {

g-RNTIList






SEQUENCE (SIZE(0..MaxSC-PTMPerCell)) of C-RNTI OPTIONAL,

nonCriticalExtension



SEQUENCE {}





OPTIONAL
}
It is up to eNB implementation to decide which cell to handover based on UE measurement report.  The eNB may obtain neighbor cell SC-PTM configuration via X2 interface and send it to the UE via handover command. If the handover is from SC-PTM cell to SC-PTM cell, the two adjacent cells may or may not be synchronized.  In order to minimize interruptions times when the UE moves between different SC-PTM cells, some synchronization between the SC-PTM transmissions among the cells is beneficial. If there is no synchronization between SC-PTM cells, interruptions may occur when the UE moves between SC-PTM cells. 

Proposal 2: If target cell supports UE interested SC-PTM service, eNB includes target cell’s SC-PTM configuration into handover command. To reduce the size of handover command, eNB may only include the configuration of UE interested SC-PTM services.

2.1.2 UE in RRC_IDLE

In multiple frequency deployment, the SC-PTM bearers may be distributed on multiple frequencies. Even in same frequency, the supported SC-PTM service list may be different. Therefore, the UE needs to discover the interested group services and associated SC-PTM carrier/bearer(s) when the UE performs cell selection or cell reselection to receive the service.  

For the UE to select a desired cell for the service reception and service continuity, we propose the following in addition to current cell selection/reselection criterions:

· The UE which is interested in receiving group service via SC-PTM can autonomously make the frequency providing group services the highest priority when performing cell reselection. The UE can use the existing SIB15 message to discover if serving frequency or neighbour frequency supports the corresponding TMGI that G-RNTI is mapped to. Note that eNB should broadcast SIB15 as long as SC-PTM is supported in the cell. 
· Since existing SIB15 only indicates the intra-frequency and inter-Frequency SAI information, it is lack of SAI information for a particular neighbour cell supports group service. If the UE camps on or reselect to a cell that doesn’t support SC-PTM, the UE may choose to enter RRC_CONNECTED state to receive the group service over unicast channel and send MBMS Interest Indication then follow service continuity described in 2.1.1 to avoid service interruption. 
· If the UE camps on a cell that supports SC-PTM and receives the group service in RRC_IDLE state, 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 2.1.1 to avoid service interruption.
Proposal 3: Reuse SIB15 for SC-PTM service continuity. 
Unlike eMBMS, SC-PTM is cell specific broadcast. There is higher probability than eMBMS that same frequency target cell does not have the UE desired TMGI. Even if target cell supports UE desired service, UE need time to read SIB and MCCH to receive the service. This may lead to service interruption. The service interruption probability can be reduced by enhancing SIB15 to include neighbor cells’ SC-PTM configuration. 
Proposal 4. To reduce service interruption, RAN2 to consider enhancing SIB15 to include neighbour cells’ SC-PTM configuration. 
Considering the size limitation, SIB15 may only include the SC-PTM configuration for popular or important TMGIs. The other services could still rely on the solution of entering RRC_CONNECTION.
2.2 Scenario 2: Moving from SC-PTM to unicast 

2.2.1 UE in RRC_CONNECTED
When the UE is receiving a group service in RRC Connected state, the UE sends MII to the eNB as described in Section 2.1.1 to indicated interested G-RNTI.  If none of PTM or eMBMS is supported from target eNBs, the eNB indicates UE to setup unicast channel on the current cell and then follow unicast 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.

Proposal 5: If target cell doesn’t support UE interested TMGI, the eNB shall indicate UE to establish unicast bearer before sending handover command to UE.

2.2.2 UE in RRC_IDLE
If the UE camps on a cell that supports SC-PTM and receives the group service in RRC_IDLE state, the UE follows procedures as specified in section 2.1.2 and enter RRC_CONNTECTED state and then follows section 2.2.1 for service continuity.
2.3 Scenario 3: Moving from SC-PTM to eMBMS 

2.3.1 UE in RRC_CONNECTED
When the UE is receiving a group service in RRC Connected state over SC-PTM, the UE sends MII to the eNB as described in Section 2.1.1 to indicated interested G-RNTI.  If eMBMS is supported for the group service in the target eNBs and eNB decides to handover UE to the cell that supports MBSFN, the eNB handover the UE to the cell through handover command message based on UE’s measurement report. The UE switch to the cell and will follow across MBSFN handover procedures.
2.3.2 UE in RRC_IDLE
When the UE is receiving a group service in RRC Idle state over SC-PTM, the UE receives SIB15 to detect if the neighbor cell/frequency supports eMBMS. If so, the UE tunes to the neighbor cell and follows inter-MBSFN mobility procedures.
3 Conclusions

We propose the followings:

Proposal 1: Add G-RNTI list in MBMS Interest Indication message to indicate the SC-PTM service that the UE is receiving or interested to receive.
Proposal 2: If target cell supports UE interested SC-PTM service, eNB includes target cell’s SC-PTM configuration into handover command. To reduce the size of handover command, eNB may only include the configuration of UE interested SC-PTM services.

Proposal 3: Reuse SIB15 for SC-PTM service continuity. 
Proposal 4. To reduce service interruption, RAN2 to consider enhancing SIB15 to include neighbour cells’ SC-PTM configuration. 

Proposal 5: If target cell doesn’t support UE interested TMGI, the eNB shall indicate UE to establish unicast bearer before sending handover command to UE.

Proposal 6:  Support service continuity for all the scenarios described in this contribution for the UE in RRC_CONNTECTED and RRC_IDLE.
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