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1 Introduction

According to the WID [1], one of the main objectives of the WI is to specify necessary solutions to support service continuity when the UE moves between the cells where SC-PTM transmission is available and when the UE moves from a cell where SC-PTM transmission is available to the cell where it is not. This contribution discusses the SC-PTM solutions for both Connected and Idle modes using the baseline assumptions from the TR [2]. 

2 Service continuity in Connected mode
According to the TR [2], solution 3 below is considered as the baseline solution.

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

The SC-PTM control info of the target cell, if present, could be provided to the UE by handover command, thus service interruption caused by the acquisition of target cell SC-PTM control info after handover could be avoided.

For RRC_CONNECTED UEs, solution 3 is considered the most suitable solution.
Before the solution is adopted, RAN2 should consider the various mobility scenarios and features that need to be supported in E-UTRAN for Solution 3 to work properly.
2.1 Interest indication
During RAN2#90 [3], the following agreement was left as FFS:

As the baseline, reuse the existing SIB15 based MBMS service continuity concept for SC-PTM. Further enhancements on SIB15 and MII are not precluded.
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 [4] 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.  Additionally, based on the current WID [1], the MCE is the node that makes the decision on whether to use SC-PTM or MBSFN for the transfer of a particular MBMS service. The CN is only responsible for providing the list of cell identities to the MCE and not UE specific information.  Therefore, for alignment with the existing requirement for service continuity, the UE should inform its serving cell of its TMGI service of interest and the information may be used by the serving cell to facilitate the UE’s reception of SC-PTM transmissions. Also, to support Solution 3 for the Connected mode, it will be necessary for the serving cell to receive the UE’s interest indication to ensure that the proper SC-PTM handover control information is included in the handover command. 
Proposal 1:
The UE should inform its serving cell of its interest in receiving service of interest via SC-PTM transmissions.
Another aspect related to interest indication is whether the interest indication is associated with the serving cell’s broadcast of neighbour cells’ support of SC-PTM using a similar mechanism as SIB15. Two conditions for the existing MBMS interest indication are as follows:

1) The UE may only send Interest Indication when SIB15 is provided by its serving cell.

2) The MBMS SAIs included in the Interest Indication should only be based on those provided in SIB15.

With respect to 1), the need for the dependency to SIB15 was due to the need to differentiate between the Rel-10 MBMS with that of Rel-11 MBMS which included service continuity.  No such differentiation is needed for SC-PTM.  As long as the UE can determine that the serving cell supports SC-PTM, it should be allowed to send Interest Indication to its serving cell.  The UE may determine the serving cell’s support of SC-PTM by monitoring e.g., SC-PTM SIB, SC-MCCH. 

Proposal 2:
The UE may send SC-PTM interest indication regardless of whether a SIB similar to SIB15 is broadcasted by its serving cell.
With respect to 2), it should be considered whether the UE needs to inform its serving cell the TMGI service(s) of interest based on what is available on neighbour cells.  The main benefit of SIB15, is to allow the serving cell to provide a list of MBMS services broadcasted or about to be broadcasted.  And SIB15 takes network congestion into account which isn’t possible with USD [5] alone.  However, the baseline conclusion to adopt Solution 3 in the TR [2] means the need to broadcast SC-PTM control information of neighbour cells is not considered for the Connected mode. This means the UE will not be able to inform its serving cell of the TMGI service of interest based on what is available via SC-PTM.  Rather the interest indication in Proposal 2 is simply the UE’s desire to obtain the same service via SC-PTM, without regard to whether such service is even available in its serving cell.  To limit the number of interest indications from multiple UEs, it may be considered whether the broadcast of SC-PTM control information of TMGI services is needed. 

Observation 1:
Excessive signalling may occur if the UE is allowed to send SC-PTM interest indication for services not provided by SC-PTM.
To limit the number of interest indications from multiple UEs, it may be considered whether the broadcast of SC-PTM control information of TMGI services is needed. If the UE is limited to SC-PTM Interest Indications for the TMGI services broadcast by its serving cell, this should result in fewer interest indications.

Proposal 3:
RAN2 should consider if the broadcast of SC-PTM control information of TMGI services is needed to reduce the number of SC-PTM interest indications. 

If RAN2 agrees that the SIB15-like feature is needed for SC-PTM for Connected UEs.  RAN2 should also decide whether the contents can be included in the SC-PTM SIB used for signalling SC-MCCH or it should be another new SIB.  

Proposal 4:
If the broadcast of SC-PTM control information of TMGI services is needed, RAN2 should also consider if the TMGI information for the serving cell and the neighbour cells should be included in the SC-PTM SIB or a new SIB.  
2.2 SC-PTM not provided in target cell
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. With Solution 3, it is assumed the serving cell should already know that the target cell does not support UE’s service of interest via SC-PTM, and to support service continuity with make-before-break [4], the UE should receive the service via Unicast delivery prior to handover completion. If the UE detects that is about to move out of the SC-PTM coverage (e.g., based on measurement triggers) it may initiate to receive the same service via unicast delivery while still within SC-PTM coverage.    

Observation 2:
For service continuity with make-before-break, it is up to the UE to obtain the service of interest via Unicast delivery when it is about to move out of the SC-PTM coverage. 
2.3 SC-PTM provided in target cell
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. It may be assumed that the UE has already sent SC-PTM Interest Indication to its serving cell for the TMGI service of interest.  Therefore, the SC-PTM control info of the target cell may be provided to the UE by the handover command, which is consistent with Solution 3 in the baseline agreement.  And this will prevent any unnecessary interruption to the on-going service.

Proposal 5:
If the target cell provides the service of interest over SC-PTM, the serving cell should provide the SC-PTM control information to the UE by the handover command.   
The source cell should also inform the target cell of the UE’s interest in receiving SC-PTM transmission so that it’s not necessary for the UE to send another SC-PTM interest indication to the target cell.  

Proposal 6:
The source cell should inform the target cell of the UE’s interest in receiving SC-PTM transmissions so that the UE does not need to send another SC-PTM interest indication after handover completion. 
3 Service Continuity in Idle mode 
During the SI phase two candidate solutions were identified for the Idle mode and captured in the TR [2] as follows:

Solution 4: Broadcast of neighbouring cell SC-PTM control info 


One cell could broadcast the SC-PTM control info of the neighbour cells, so that the service interruption caused by the acquisition of target cell SC-PTM control info after cell reselection or handover could be eliminated.

Solution 5: eNB assisted RRC connection establishment
The eNB will broadcast trigger criteria (e.g. RSRP or RSRQ) to assist the UE to perform the RRC connection establishment when the UE is about to move out of the SC-PTM cell coverage. Subsequently, solution 3 is applied.

For RRC_IDLE UEs, solution 4 or solution 5 may be considered but have not been evaluated in terms of efficiency and feasibility.

The choices between the two solutions are further discussed below.
3.1 Choices between Solution 4 & Solution 5
In contrast to MBSFN whereby the service of interest is provided in all cells in an MBSFN area for a given frequency, SC-PTM transmissions are designed to have independent operations from cell to cell. The UE cannot expect to move from cell to cell while in IDLE without knowing whether the neighbour cell provides SC-PTM transmission for the services of interest, even if the UE remains in the same frequency. 

Observation 3:
With SC-PTM, no assumption can be made on whether the service of interest is provided by the neighbour cells while the UE remains in the same frequency.   
Although both Solutions 4 and 5 do not assume UE’s mobility to neighbour cells without NW assistance, the impacts to signalling overhead and UE power consumption do vary substantially between the two solutions.  With Solution 4, the UE may move directly from its serving cell to the neighbour cell if SC-PTM transmission is provided in the neighbour cell. With Solution 5, the UE is required to transition to CONNECTED before moving into coverage of a neighbour cell. Once the UE transitions to CONNECTED the SC-PTM procedure is the same as in section 2 which is the main benefit of Solution 5. The UE will send SC-PTM interest indication to its serving cell and if the target cell doesn’t provide the service of interest via SC-PTM then the UE will remain in CONNECTED where the UE may receive the service of interest via unicast delivery.  However, if the SC-PTM is provided in the target cell, it is expected that the UE subsequently transition back to IDLE after handover completion. 

Observation 4:
With Solution 5, if SC-PTM service of interest is provided in the neighbour cell, multiple transitions between IDLE and CONNECTED will lead to increased signalling overhead and UE power consumption.  
Considering the burden on the UE and the increased signalling overhead with Solution 5, Solution 4 should be adopted whereby the serving cell broadcast in SIB the SC-PTM control information of the neighbouring cells.  As with the existing SIB15, the new SIB should also provide the SC-PTM services for the serving cell as well as the mapping to the frequencies where the services may be received.  This way IDLE UEs wouldn’t need check contents from multiple frequencies to determine which frequency supports the service of interest.  Also for CONNECTED UEs, the interest indication should only be sent if the UE is capable of the SC-PTM frequency.  With regards to the increased in signalling load in providing this SC-PTM control information due to the necessity of broadcasting many TMGI services, this should be evaluated against the possible system impact from frequent transitions of UEs to CONNECTED.  Although frequency cell to cell mobility are expected for medium to high speed UEs, it is expected under the current multi-carrier load distribution discussions that some UEs may be required to camp on small cells whereby even UEs at pedestrian speed will experience frequent cell to cell mobility.  It should also be noted that SC-PTM control information of neighbour cells may also be beneficial to service continuity in CONNECTED as suggested in Proposal 3, so from this perspective the solution for IDLE UEs would be aligned with the solution for CONNECTED UEs.  

Proposal 7:
The serving cell should broadcast in SIB the SC-PTM control information of both the serving cell and the neighbour cells along with the associated frequency information.  

Since the SC-PTM frequency may not be highest priority frequency for reselection, the UE should be allowed to prioritize the SC-PTM frequency for reselection, which is similar to the decision made for Rel-11 eMBMS.

Proposal 8:
IDLE UEs should be allowed to prioritize the SC-PTM frequency to receive the TMGI service of interest.  
Even if Solution 4 is agreed based on Proposal 2, it should be considered if certain aspect of Solution 5 may be complementary to Solution 4. In particular, if the contents of the new SIB in Solution 4 indicate that the neighbour cell does not provide SC-PTM for the UE’s TMGI service of interest, then the UE will anyway need to transition to CONNECTED whereby the UE could receive the service via Unicast delivery.  Instead of relying on UE implementation for when the UE triggers the transition to CONNCTED, the serving cell could broadcast trigger criteria (e.g. RSRP or RSRQ) to assist the UE to perform the RRC connection establishment when the UE is about to move out of the SC-PTM cell coverage, but this is only required if the TMGI service of interest is not provided by the neighbour cell according to the new SIB.  

Proposal 9:
RAN2 should discuss whether the serving cell should broadcast trigger criteria to assist the UE to perform RRC connection establishment if the neighbour cell does not provide TMGI service of interest based on the new SIB.  
4 Conclusion
Solutions for SC-PTM service continuity are addressed for both connected and idle modes.  In particular, the need for SC-PTM interest indication is considered an essential feature to support service continuity. We have the following proposals and observations.
Proposal 1:
The UE should inform its serving cell of its interest in receiving service of interest via SC-PTM transmissions.
Proposal 2:
The UE may send SC-PTM interest indication regardless of whether a SIB similar to SIB15 is broadcasted by its serving cell.
Observation 1:
Excessive signalling may occur if the UE is allowed to send SC-PTM interest indication for services not provided by SC-PTM.
Proposal 3:
RAN2 should consider if the broadcast of SC-PTM control information of TMGI services is needed to reduce the number of SC-PTM interest indications. 

Proposal 4:
If the broadcast of SC-PTM control information of TMGI services is needed, RAN2 should also consider if the TMGI information for the serving cell and the neighbour cells should be included in the SC-PTM SIB or a new SIB.
Observation 2:
For service continuity with make-before-break, it is up to the UE to obtain the service of interest via Unicast delivery when it is about to move out of the SC-PTM coverage. 
Proposal 5:
If the target cell provides the service of interest over SC-PTM, the serving cell should provide the SC-PTM control information to the UE by the handover command. 

Proposal 6:
The source cell should inform the target cell of the UE’s interest in receiving SC-PTM transmissions.

Observation 3:
With SC-PTM, no assumption can be made on whether the service of interest is provided by the neighbour cells while the UE remains in the same frequency.  

Observation 4:
With Solution 5, if SC-PTM service of interest is provided in the neighbour cell, multiple transitions between IDLE and CONNECTED will lead to increased signalling overhead and UE power consumption. 
Proposal 7:
The serving cell should broadcast in SIB the SC-PTM control information of both the serving cell and the neighbour cells along with the associated frequency information.
Proposal 8:
IDLE UEs should be allowed to prioritize the SC-PTM frequency to receive the TMGI service of interest. 

Proposal 9:
RAN2 should discuss whether the serving cell should broadcast trigger criteria to assist the UE to perform RRC connection establishment if the neighbour cell does not provide TMGI service of interest based on the new SIB.
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