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1. Introduction

The discussion on service continuity support for SC-PTM is ongoing in RAN2 reflector. Service continuity scenarios, evaluation of interruption time due to change of bearer type and solutions were intended to be discussed in the email discussion. In this contribution we present our views on the support of service continuity for SC-PTM.
2. Discussion

Requirement of SC-PTM study follows the requirement set out for GCSE study which involves the support of public safety application over the radio interface in timely manner. Thus, service continuity support is very important for the success of new transport technology such as SC-PTM. 
Service continuity means uninterrupted service while the UE moves from one cell to other. Thus, handover procedure is designed to mitigate the data loss (as required by the application) during the cell change. For the support of public safety application, only the interruption but also the data loss during the cell change should be avoided.

Service continuity is supported for MBMS. A number of mechanisms were introduced in Rel-11 to guarantee the required service continuity support for MBMS reception. While the Ue is moving within a MBSFN area, the same waveform is received over the radio due to the use of MBSFN. When the Ue is moving away from a MBSFN area, the UE is directed towards a cell or a frequency layer supporting the Ue’s interested service. 
Even though, service continuity support is set out as important requirement, currently, there is lack of numerically quantified requirement on service continuity from public safety user applications. SC-PTM is considered as a complementary bearer type of eMBMS. Therefore, in the absence of numerical value for service continuity for public safety, service continuity support of SC-PTM should at least be equivalent to the service continuity support of eMBMS. 

Proposal 1: SC-PTM acts as a complementary bearer type to eMBMS, thus, service continuity support of SC-PTM should at least be equivalent to that of eMBMS and should avoid data loss and interruption during the cell change.

Scenarios which are discussed

· Scenario 1: Moving into an SC-PTM cell 
· Scenario 2: Moving out of an SC-PTM cell
· Scenario 3: Switch between SC-PTM and Unicast/MBSFN in one cell
· Scenario 4: Multi-frequency network

Based on the public safety user scenarios, it is likely that the same service is provided in few cells in a localised area. Even though the number of cells involved is likely to be much less than MBSFN area, having few adjacent cells providing the same service over SC-PTM should be considered for service continuity support.

Dynamic MBSFN area concept is not supported in current system. While the UE moving out of the MBSFN area, service is required to be provided over unicast. However, if there is a number of UEs in the cell outside of MBSFN area, establishment of SC-PTM seems logical in order to utilise radio resource efficiently.  Given the main motivation for SC-PTM is improved radio efficiency, we think the scenarios where MBSFN <-> SC-PTM should also be considered for SC-PTM service continuity.

With regards to scenario 1, we see the need for service continuity support when the UE moves from unicast -> SC-PTM, MBSFN -> SC-PTM and SC-PTM->SC-PTM. Similarly for scenario 2, there is possibility of a UE moving from SC-PTM -> unicast, SC-PTM -> MBSFN or SC-PTM ->SC-PTM. 

As shown in simulation captured in the TR, SC-PTM outperforms MBSFN and unicast only when the number of UEs in the cell is higher than a threshold and lower than another threshold. Main motivation of study of SC-PTM in support of radio efficiency, thus, scenario 3 is important to achieve optimal radio efficiency of the system.
SC-PTM support in multi frequency network is important to address a group of UEs with different UE reception capabilities. Similar to MBMS, the UEs should be directed towards the SC-PTM frequency layer during cell reselection and handover.
Proposal 2: All four service continuity scenarios should be considered for investigation of service continuity support for SC-PTM.

Service continuity interruption was computed based on a set of assumptions of a SC-PTM solution. It was considered 40/80ms for the periodicity of SC-PTM configuration information transmission. As shown in [R2-152532], the value in the same order as the Idle mode paging should be considered for SC-PTM configuration period in order to address RRC_Idle UE power consumption.

Additionally as commented during the email discussion cell reselection delay and MIB/SIB1/SIB2 acquisition delays should be included in the interruption calculation. When taking into account the above aspects in the interruption calculation, resulted service interruption cannot be considered insignificant. 

MBSFN area is to be considered relatively large and the UE mobility within a MBSFN area doesn’t result in service interruption because the waveform combining over air is considered for MBSFN transmission. Compared to MBSFN, SC-PTM is likely to result in large occurrences of cell crossing hence change of transmission type and SC-PTM to SC-PTM switch. 

 When moving out of MBSFN area, the UE is required to establish a unicast bearer while receiving the service over MBSFN in order to avoid service interruption.  It was considered that a network implementation based method such as MTCH coverage to be slightly larger than MCCH coverage, was considered sufficient for support of service continuity while moving out of MBSFN area. Upon detecting the absence of MCCH, the UE establishes an uncast bearer for the interested service, meanwhile receiving the service over the MBMS. This mechanism benefits both RRC_Idle and RRC_Connected UEs. Such a deployment mechanism cannot be applied for SC-PTM for avoiding service interruption while moving out of SC-PTM cell as the SC-PTM is a single cell concept. 

Based on the above discussion, it can conclude that a solution should be investigated to reduce service interruption when changing the transmission type from/to SC-PTM. 
Proposal 3: For the support of SC-PTM, solutions for minimising the service interruption seen during change of transmission type from/to SC-PTM should be investigated.

The following solutions were listed for discussion in the email discussion.
For RRC_Connected UEs;

Solution 1: UE implementation specific solution
Solution 2: eNB assisted unicast bearer request 
Solution 3: Provision of neighbouring cell SC-PTM control info during handover 
Solution 4: Broadcast of neighbouring cell SC-PTM control info 
Solution applicable to RRC_Idle UEs only;

Solution 5: eNB assisted RRC connection establishment 
Solution 6: reuse of SIB15 for multi-frequency scenario; scenario4. 
Solution 1, 2 and 5 require the UE either to establish a unicast bearer for the service or the establishment of RRC connection to the network. If the service is provide in the target cell over SC-PTM or MBSFN, the UE is establishing the connection or unicast bearer for a short period of time. 
Solution 2 and 5 are relaying on eNB provided trigger and UE measurement to make the decision to establish a unicast bearer or RRC connection. Considering the time taken for meaningful measurement, the usefulness of such a solution should be investigated. 
Proposal 4: It should be taken into account unnecessary transition to RRC_Connected mode or unnecessary establishment of unicast bearer in design of solution 1,2 and 5. Further the benefits of solution 2 and 5 should be investigated considering the time to take meaningful measurements
In order to realise solution 3, the target eNB should be prepared for the arrival of SC-PTM UE in support of service continuity in RRC_Connected mode. The source eNB is required to have knowledge of which SC-PTM services are received by the UE. The Ue may provide the SC-PTM service interest/reception status to the source eNB in a similar way to MBMS Interest indication used in MBMS. MBMS interest indication used in MBMS signals the UE interested frequency for the reception of MBMS service but the UE interested service is not signalled to the eNB. 
In order to support for MBSFN to SC-PTM (moving from MBSFN area to SC-PTM), solution 3 requires the UE MBMS service reception information at the eNB to provide the UE with corresponding SC-PTM configuration over the HO command. Signalling of interested SC-PTM services to the network reopens the previous discussion on whether to provide service information, MBSFN SAI or frequency information is assisting the eNB on service continuity for MBMS service. 

Proposal 5: Signalling of interested SC-PTM services and interested MBMS services to the network in order to assist the eNB for support of SC-PTM service continuity for RRC_Connected UEs using solution 3 requires careful investigation.

In order to assist the RRC_Idle UE in selecting a cell which provides interested service over SC-PTM (solution 4), the neighbouring cell SC-PTM could be provided to the UE over system information broadcast. The radio resources used to provide a service over SC-PTM depends on the eNB scheduler decision and may vary from one cell to the other. eNB may provide the service over SC-PTM using available resources in the cell. Required signalling load in providing service availability in neighbouring cells over SC-PTM depends on the number of service provided over SC-PTM. The service level neighbouring cell information was considered as signalling heavy and did not consider as a solution for MBMS service continuity mechanism in Rel-11. The same concern on heavy signalling load is also applied for SC-PTM if neighbouring cell service information to be provided for service continuity support.

Proposal 6: Service continuity support for RRC_Idle UEs discussion (solution 4) should take in to account potential increase of signalling load in design of service continuity solution.

Moreover a congestion indication where the UE is informed of unavailability of service over MBMS in advanced due to radio resource congestion was introduced for group communication over MBMS in Rel-12. This indication allows for the UE to establish a unicast bearer for the reception of the service in time hence avoiding service interruption. Switching from SC-PTM to unicast could also be occurred in the cells, scenario 3. For example if the number of UEs in a cell is only one, unicast delivery mode would provide efficient transmission. 

Solution 1- 6 discussed during the email discussion doesn’t address transmission type switching in scenario 3. 

Proposal 7: Service interruption avoidance solution should investigated for support of service continuity scenario 3. Solutions discussed during email discussion doesn’t address scenario 3.

Based on proposal 4-7, the service continuity support for SC-PTM is not straightforward and requires further investigation. It seems as redesign of service continuity mechanism which is currently used for MBMS in support of SC-PTM. Furthermore, a common solution addressing both RRC_Connected and RRC_Idle UEs in the cell is preferable than separate solutions.

Proposal 8:  Service continuity support for SC-PTM seems as readdressing of Rel-11 service continuity mechanism for in cooperating SC-PTM delivery type. RAN2 is requested to carefully evaluate the service continuity solutions in order to avoid duplications of functionalities in the specification.

3. Conclusion

In this contribution, we have discussed service continuity support for SC-PTM considering both RRC_Idle and RRC_Connected UEs. The following proposals were made.
Proposal 1: SC-PTM acts as a complementary bearer type to eMBMS, thus, service continuity support of SC-PTM should at least be equivalent to that of eMBMS and should avoid data loss and interruption during the cell change.

Proposal 2: All four service continuity scenarios should be considered for investigation of service continuity support for SC-PTM.

Proposal 3: For the support of SC-PTM, solutions for minimising the service interruption seen during change of transmission type from/to SC-PTM should be investigated.

Proposal 4: It should be taken into account unnecessary transition to RRC_Connected mode or unnecessary establishment of unicast bearer in design of solution 1,2 and 5. Further the benefits of solution 2 and 5 should be investigated considering the time to take meaningful measurements

Proposal 5: Signalling of interested SC-PTM services and interested MBMS services to the network in order to assist the eNB for support of SC-PTM service continuity for RRC_Connected UEs using solution 3 requires careful investigation.

Proposal 6: Service continuity support for RRC_Idle UEs discussion (solution 4) should take in to account potential increase of signalling load in design of service continuity solution.

Proposal 7: Service interruption avoidance solution should investigated for support of service continuity scenario 3. Solutions discussed during email discussion doesn’t address scenario 3.

Proposal 8:  Service continuity support for SC-PTM seems as readdressing of Rel-11 service continuity mechanism for in cooperating SC-PTM delivery type. RAN2 is requested to carefully evaluate the service continuity solutions in order to avoid duplications of functionalities in the specification.
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