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1 Introduction

As part of the GC eMBMS discussions the procedure for service continuity between MBMS and Unicast is documented in [1] and furthermore the enhancement in the MSI to support suspension is specified in [2] to take care on congestion situations.  With the introduction of SC-PTM transmission, it is stated in [3] that one of the objectives is as follows:

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.
Therefore it is necessary to understand how service continuity among MBMS, SC-PTM and Unicast should be carried out esp. from the mobility perspective, which is the subject of this contribution.
2 Mobility considerations for service continuity

Although it is yet to be decided which entity decides whether SC-PTM, MBSFN or Unicast should be used to provide the GC services of interest to the UE(s), it may be assumed that all 3 types of transmissions are possible and that service continuity among these transmissions needs to be clarified. These scenarios were also discussed in [4] and [5]. The 3 types of mobility scenarios are depicted below which are applicable for both IDLE and CONN UEs.

Scenario 1: SC-PTM (( Unicast
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Fig. 1 Transition between SC-PTM and Unicast 
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Scenario 2: SC-PTM (( SC-PTM
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Fig. 2 Transition from SC-PTM to SC-PTM 

UE


Scenario 3: SC-PTM to MBSFN
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2.1 Mobility in IDLE mode

Since MBMS is already supported for IDLE UEs, there is no overriding reason not to support SC-PTM for IDLE UEs. And base on the agreement from the previous meeting:

=>
In the study we cover IDLE and Connected mode support
Therefore, all 3 scenarios above should be considered for IDLE UEs.
Before considering the details of the scenarios, it should be discussed whether the UE interested in GC services should be allowed to prioritize the SC-PTM frequency for reselection. This is similar to the decision made for MBMS.

Proposal 1:
RAN2 should consider if IDLE UEs are allowed to prioritize the SC-PTM frequency to receive the GC service of interest.  
2.1.1 Scenario 1 & Scenario 2: SC-PTM ( SC-PTM/Unicast
The only sub-scenario to consider is the case when the UE is already receiving SC-PTM transmission for the GC services of interest and the UE reselects a neighbour cell that may also provide SC-PTM.  In case SC-PTM is not provided in the neighbour cell, it is expected that the UE must transition to the connected mode in order to receive the service of interest via Unicast delivery. To support the make-before-break service reception, the UE should have a means to determine whether the service of interest is also provided by neighbour cells. Unlike the case for MBSFN, it isn’t sufficient for the UE to determine whether the neighbour cells are part of the same MBSFN area since SC-PTM transmission is determined on a cell by cell basis. It should be considered if the serving cell could provide in SIB information on whether GC services are provided in neighbour cells. Without such information, the UE will need to directly monitor neighbour cells’ SIB, possibly in another frequency. 
During the email discussion [7], several solutions suggested the UE should first transition to CONNECTED and receive the service via Unicast to prevent service interruption. One of the main reasons for supporting SC-PTM reception in IDLE is so that IDLE UEs only interested in GC services of interest will not need to transition to CONNECTED if the service is already provided over SC-PTM or MBSFN.  To prevent the IDLE UE from transitioning to CONNECTED when the target cell already provides services of interest via SC-PTM, the serving cell should provide the necessary SC-PTM control information of neighbour cells.  It may be further discussed how this control information should be provided to the IDLE UEs (e.g., in SIB, SC-MCCH or some combination). How the SC-PTM control information should be provided to the UE is a subject of the contribution provided in [6]. With regards to the increased in signalling load in providing this SC-PTM control information, we think this should be evaluated against the possible system impact from frequent transitions of UEs to CONNECTED. It should also be noted that SC-PTM control information of neighbour cells may also be beneficial to service continuity in CONNECTED, so from this perspective the solution for   IDLE UEs would be aligned with the solution for CONNECTED UEs.  
Proposal 2:
The serving cell should broadcast SC-PTM control information of its neighbour cells.
To support service continuity, it should also be considered whether IDLE UEs under medium to high mobility should depend on SC-PTM transmission, esp. if neighbour cells do not support SC-PTM transmissions or if the serving cell is a small cell. However, this may be left for UE implementation.
Proposal 3:
It is up to UE implementation whether IDLE UEs should receive GC services of interest via an existing SC-PTM transmission or Unicast (after transitioning to CONN). 
2.1.2 Scenario 3 SC-PTM (( MBSFN
Scenario 3 is mainly applicable between MBSFN area boundaries, but it is still a scenario that needs to be addressed so that the UE behaviour is well understood.  If the IDLE UE is receiving SC-PTM transmission while the neighbour cell(s) provide GC services of interest via MBSFN, then it may be assumed that the UE may switch over from SC-PTM to MBSFN.  But this means the UE must monitor both the SIB related to SC-PTM as well as SIB13/SIB15 to figure out if the services of interest may be available by broadcast (either SC-PTM or MBSFN). 

Observation 1:
For reselection, it is up to UE to determine if the GC service of interest is provided by MBSFN in neighbour cells by monitoring SIB13/SIB15. 
2.2 Mobility in connected mode
In case the UE is already receiving data delivery via SC-PTM transmissions, it is assumed the service of interest is not available via MBSFN in the area. However, since SC-PTM is meant for a single cell, the question is what happens if the serving cell handovers the UE to a neighbour cell due to mobility.  This may depend on whether the target cell also provides the same service over SC-PTM. Before discussing the scenarios, it should be clarified whether the serving cell should know the UE’s interest in receiving the service of interest via SC-PTM transmissions. Currently it is stated in [1] that:

“When a GCS UE moves between areas where its MBMS broadcast bearers are available or not, the UE informs the GCS AS via application signalling that it changes from MBMS broadcast bearer reception to non-reception, or vice versa, the GCS AS activates or deactivates the downlink application signalling and data transfer via the UE individual EPS bearer(s) as appropriate.” 
In the case of MBMS broadcast using MBSFN, it is assumed that the MBSFN area is sufficiently large such that transitions from MBMS broadcast to Unicast delivery doesn’t happen frequently.  However, SC-PTM transmission is meant to allow the eNB the flexibility to balance the resources among Unicast bearers and MBMS bearer for SC-PTM, it may not be sufficient to only depend on the GCS AS to inform the eNB of the UE’s need to receive services of interest via either Unicast or SC-PTM. Furthermore, if the UE is receiving MBSFN, but the service is suspended the serving cell (and neighbour cells) may choose to provide the same service over SC-PTM instead. In this case, the UE may not inform the GCS AS of the change to SC-PTM delivery since both MBSFN and SC-PTM is assumed to be based on the same MBMS bearer.  Instead, it would be more useful for the UE to directly inform its serving cell of its interest in receiving SC-PTM transmissions.  Furthermore, as it is pointed out in the email discussion [7], the target cell may provide different services via SC-PTM transmissions on different frequencies. For alignment with the existing requirement for service continuity, the UE should inform its serving cell the TMGI service of interest based on the SC-PTM control information of neighbour cells broadcasted by its serving cell (e.g., similar to SIB15).  As in the case for MBMS Interest Indication, the information may be used by the serving cell to facilitate the UE’s reception of SC-PTM transmissions.  

Proposal 4:
The GCS UE should inform its serving cell of its interest in receiving service of interest via SC-PTM transmissions.
2.2.1 Scenario 1: SC-PTM (( Unicast
SC-PTM ( Unicast
If the target cell does not provide SC-PTM transmissions for the services of interest, then the UE must be provided the same service via Unicast delivery and the UE should inform the GCS AS of the change from MBMS bearer reception to Unicast bearer reception.  Depending on network implementation, the service of interest provided via Unicast may occur before or after handover completion.    
Proposal 5:
For service continuity, it is up to NW implementation, whether the UE should begin to receive the service of interest via Unicast before or after handover completion, in case the target cell doesn’t provide the service of interest via either SC-PTM or MBSFN.
Unicast ( SC-PTM
In case the source cell does not provide the service of interest over SC-PTM, the service delivery is based on Unicast.  And for the transition from Unicast to SC-PTM, the UE should continue to receive the service of interest via Unicast after handover.  Thereafter, the UE may begin to receive the same service via SC-PTM transmissions after acquiring the necessary SC-PTM related control information after handover. This will also mean that a MBMS bearer needs to be established for the UE to receive the service via SC-PTM.
Proposal 6:
If only the target cell provides the service of interest over SC-PTM, the UE should continue to receive the service of interest via Unicast upon handover completion.  The UE may begin to receive the same service over SC-PTM transmission after acquiring the SC-PTM related control information at the target cell after handover. 
2.2.2 Scenario 2: SC-PTM ( SC-PTM
Depending on network’s decision it may be possible that the target cell already provides the same service of interest over SC-PTM since there may be sufficient number of UEs already receiving the same service over SC-PTM transmissions. For Scenario 2, it is assumed that the target cell provides the service of interest via SC-PTM transmissions; therefore, if Proposal 4 is agreeable, the source cell should inform the target cell of the UE’s interest in receiving SC-PTM transmission so that it’s not necessary for the UE to inform the target cell of its interest after handover completion.  
Proposal 7:
The source cell should inform the target cell of the UE’s interest in receiving SC-PTM transmissions.
In order to support service continuity under Scenario 2, one of the following options should be considered:
Option 1: SC-PTM ( Unicast ( SC-PTM

With Option 1, upon handover the service is transferred from SC-PTM to Unicast, and subsequently, the UE may join the existing SC-PTM transmission by decoding the necessary SC-PTM related control information (e.g., SIB, GCCH, etc.) to receive SC-PTM transmissions.  

Option 2: SC-PTM ( SC-PTM (NW assisted)
With Option 2, the UE may continue directly to an existing SC-PTM transmission upon handover completion.  There may not be a need for the UE to establish any Unicast data bearer for the service after handover if the UE is only interested in receiving the service of interest through SC-PTM transmission.  In order to support direct SC-PTM to SC-PTM transition at handover, the target cell should provide the UE with the SC-PTM related control information as part of the RRC Connection Reconfiguration.  Although the UE may also obtain the same information by decoding the SIB and possibly the GCCH (if supported) from the target cell (refer to [6]), depending on the periodicity of the SIB and/or GCCH, it there may be delays associated with the acquisition of the necessary control information.  Therefore, the SC-PTM related control information should be provided to the UE by the target cell through dedicated signalling prior to handover completion. Then the UE may directly receive SC-PTM without delay.
Option 3: SC-PTM ( SC-PTM (UE-based)

With Option 3, the decision for the delivery mechanism (Unicast vs SC-PTM) may be left to the UE.  In case the target cell is also transmitting SC-PTM for the service of interest, it may be up to the UE to obtain the necessary control information (e.g., from the serving cell or neighbour cell’s SIB) prior to handover so that the service may be continued on SC-PTM upon handover completion.  With the UE-based option, as long as the target cell provides the service of interest via SC-PTM it isn’t necessary for the UE to receive the service via Unicast. This behaviour would align with the UE behaviour in the idle mode as described in section 2.1.1.
In comparison, Option 2 and Option 3 can avoid unnecessary transition between SC-PTM and Unicast that isn’t possible with Option 1.  Although Option 3 would align with idle mode behaviour as its main benefit, Option 2 is a more robust mechanism than Option 3 since the SC-PTM related control information is always available during handover. In addition, Option 2 has less impact on UE power consumption since the UE is not required to decode SC-PTM related control information of the neighbour cell on either the same frequency or different frequency. So, Option 2 is the preferred solution. 
Proposal 8:
The SC-PTM related information should be provided in the Handover Command (Option 2). 
2.2.3 Scenario 3 SC-PTM (( MBSFN

SC-PTM ( MBSFN:

As pointed out in section 2.1.2 above, this scenario is mainly applicable between MBSFN area boundaries.  In this case, it may be assumed that the source cell and the target cell belong to different MBSFN areas.  Since the source cell already knows the UE’s services of interest, the source cell may provide the interest information to the target cell as part of the UE context transfer. However, the source cell’s knowledge of the UE’s interest is not based on MBMS Interest Indication. It may be based on either information from the GCS AS or the new SC-PTM related interest indication in Proposal 4.  Therefore, RAN2 should consider if it is necessary for the source cell to receive the MBMS interest indication in order to inform the target cell of the UE’s interest in receiving MBSFN or is it sufficient for the target cell to receive other forms of indication related to the same service.  Another possibility is that the source cell does not inform the target cell of UE’s interest in MBSFN reception. The UE will only provide the MBMS interest indication after handover completion.  However, this may cause delay for the UE to receive MBSFN transmissions.  

Proposal 9:
RAN2 should discuss whether the source cell needs to receive MBMS interest indication in order to inform the target cell of the UE’s interest in receiving MBSFN. 
In order for the UE to receive MBSFN transmissions for the services of interest it still needs to acquire SIB13 and MCCH from the target cell.  However, there may be delays acquiring SIB13/MCCH depending on the periodicity/repetition of SIB13/MCCH; therefore, it would be helpful if the target cell can provide the SIB13 and MCCH contents to the UE as part of the RRCConnectionReconfiguration during the handover procedure.  
Proposal 10:
To support service continuity in Scenario 3 for SC-PTM(MBSFN, the target cell should provide the SIB13 and MCCH contents to the UE as part of the RRCConnectionReconfiguration during the handover procedure. 
MBSFN ( SC-PTM:

For this scenario, it is assumed the target cell does not provide MBSFN transmission for the services of interest.  In contrast to the case for Unicast ( SC-PTM in section 2.2.1, the UE is not already receiving the service via Unicast delivery, so complexity would be substantially increased to deliver the service to the UE via Unicast just to later convert the delivery mechanism to SC-PTM once the handover is completed (i.e., MBSFN ( Unicast ( SC-PTM).  Therefore, it is assumed that the UE should be able to receive the SC-PTM transmissions directly upon handover completion.  This is similar to the case for SC-PTM ( SC-PTM described in section 2.2.2.  The decision made for Proposal 8 should also be applicable to this scenario to reduce complexity. 
Proposal 11:
For transition from MBSFN ( SC-PTM, the procedure should be consistent with the decision made in Proposal 8. 
3 Conclusion
Unlike MBSFN transmissions, SC-PTM transmissions are meant for a single cell; therefore, it is necessary to understand the mobility scenarios as the UE transitions from cell to cell both in Connected and Idle modes. In particular, the scenarios whereby the target cell also transmits SC-PTM for the services of interest are considered. We have the following proposals and observation.
Proposal 1:
RAN2 should consider if IDLE UEs are allowed to prioritize the SC-PTM frequency to receive the GC service of interest.  
Proposal 2:
The serving cell should broadcast SC-PTM control information of its neighbour cells.
Proposal 3:
It is up to UE implementation whether IDLE UEs should receive GC services of interest via an existing SC-PTM transmission or Unicast (after transitioning to CONN). 

Observation 1:
For reselection, it is up to UE to determine if the GC service of interest is provided by MBSFN in neighbour cells by monitoring SIB13/SIB15. 

Proposal 4:
The GCS UE should inform its serving cell of its interest in receiving service of interest via SC-PTM transmissions.
Proposal 5:
For service continuity, it is up to NW implementation, whether the UE should begin to receive the service of interest via Unicast before or after handover completion, in case the target cell doesn’t provide the service of interest via either SC-PTM or MBSFN.
Proposal 6:
If only the target cell provides the service of interest over SC-PTM, the UE should continue to receive the service of interest via Unicast upon handover completion.  The UE may begin to receive the same service over SC-PTM transmission after acquiring the SC-PTM related control information at the target cell after handover. 
Proposal 7:
The source cell should inform the target cell of the UE’s interest in receiving SC-PTM transmissions.
Proposal 8:
The SC-PTM related information should be provided in the Handover Command (Option 2).
Proposal 9:
RAN2 should discuss whether the source cell needs to receive MBMS interest indication in order to inform the target cell of the UE’s interest in receiving MBSFN. 

Proposal 10:
To support service continuity in Scenario 3, the target cell should provide the SIB13 and MCCH contents to the UE as part of the RRCConnectionReconfiguration during the handover procedure.

Proposal 11:
For transition from MBSFN ( SC-PTM, the procedure should be consistent with the decision made in Proposal 8. 
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