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1. Introduction

Discussion on single cell point-to-multipoint (SC-PTM) is ongoing. The discussion so far focused on the performance analysis of SC-PTM.  The performances were evaluated based on a set of assumptions of a potential solution, however the end to end solution for SC-PTM is yet to be discussed. The performance evaluation will be re-visited once the solution is agreed. Not only the end-to-end solution but also other aspects such as simultaneous reception of unicast and SC-PTM by a UE, transmission of multiple SC-PTM and the UE feasibility of reception are to be discussed to realise the feasibility of end-to-end solution. In this contribution, we attempt to highlight the study areas which require attention when investigating SC-PTM delivery mechanism and comparison to MBMS and unicast delivery modes.

2. Discussion

Scheduling flexibility

SC-PTM can be seen as a group delivery mechanism in a single cell where DL-SCH resources are used. DL-SCH channel is shared between unicast transmissions, cell broadcast information and SC-PTM transmission. The eNB has flexibility of selecting PDSCH resources for the DL-SCH mapping following the scheduling policies and scheduling algorithm used. The eNB is aware of the UE reception capability in RRC_Connected mode, thus unicast scheduling could be scheduled on any of the serving cells configured for the UE.
Similar to MBMS, SC-PTM is intended for a group of UEs which are either RRC_Idle or RRC_Connected. The scheduling flexibility seen in unicast transmission is not available for SC-PTM. 
MBMS is provided only on dedicated MBSFN subframe. Therefore TDM transmission is seen between the MBMS and unicast. However, unlikely to MBMS and unicast combination, SC-PTM is required to share PDSCH with unicast. 

In order to address RRC_Idle UEs, the scheduling should be performed using PDCCH on the same cell as PDSCH, ie. cross carrier scheduling is not possible for SC-PTM unless a significant changes are introduced for the RRC_Idle mode operation. 
If SC-PTM is scheduled on a carrier, the UE would monitor PDCCH for both SC-PTM and unicast on the same carrier. Otherwise, mechanism should be designed in support of unicast using cross-carrier scheduling while monitoring Sc-PTM based on same carrier scheduling. This would impact the UE complexity. Simple option is to use self carrier scheduling for transmission of both SC-PTM and unicast on SC-PTM carrier. 

In order to address different UE capabilities of SC-PTM reception UEs and support of RRC_Idle UEs, the SC-PTM cannot use carrier aggregation for transmission of SC-PTM. Thus SC-PTM can only be scheduled on single PDSCH (ie. frequency carrier) and the eNB scheduling is restricted to scheduling of SC-PTM service on that carrier.
Observation 1: It should be investigated how to schedule restriction and carrier selection for SC-PTM taken into account the difference of SC-PTM compared to unicast transmission.
Radio protocol architecture

Currently all traffic channels which are mapped on to DL-SCH go through PDCP, RLC and MAC processing. Mapping and processing are clearly specified in corresponding specifications. SC-PTM is to reuse eMBMS network architecture. However SC-PTM protocol architecture was not yet discussed. Considering the SC-PTM is encrypted at the application layer, similar to MBMS, need for PDCP processing for SC-PTM is questionable. RLC and MAC processing are applied to MBMS. Necessity of RoHC for SC-PTM should also be discussed.
The following logical channels are defined in the current specification. 

Common channels: CCCH, BCCH and PCCH

Traffic channels: DTCH, DCCH

Multicast channels: MCCH, MTCH

Logical channel -> transport channel -> physical channel mapping is specified in the standard. However, SC-PTM doesn’t fit in to any of existing logical channels. Therefore, a new logical channel is required to be defined for SC-PTM. Not only the definition of logical channel for SC-PTM support but also the mapping of logical channel down to the physical channel should be defined. Protocol architecture for support of SC-PTM requires new definition/ channel mapping and operation.

Observation 2: It should be discussed radio protocol architecture new channel definition/ channel mapping and operation require for support of SC-PTM requires.

DRX operation

DRX procedure is defined for the UE power saving in RRC_Connected UEs. When in DRX off the UE is not required to monitor the PDCCH to allow for UE power saving. If the SC-PTM is to be transmitted at any time, the UE is required to monitor PDCCH at all the time (even when the UE interested service is not scheduled) which result in UE power consumption unnecessarily. As SC-PTM is intended for a group of UEs, it is not possible to take into account the UE’s Active Time in SC-PTM transmission. Unicast transmission is scheduled taking into account UE’s Active Time while DRX is configured for the UE.
MBMS support was considered as add-on services to unicast, hence DRX which was designed for unicast did not take MBMS reception into account. MBMS and unicast transmissions are time divisional multiplexed in a radio frame; therefore, two services can be supported independently to each other. However, SC-PTM is designed with use of PDCCH for radio resource scheduling in a similar manner to unicast. Therefore, it is not logical to separate SC-PTM and unicast when considering DRX operation. It should be investigated how to in-cooperate PDCCH monitoring for SC-PTM reception on DL-SCH in DRX procedure, which is specified based on PDCCH reception.
Observation 3: It should be investigated how to in-cooperate PDCCH monitoring for SC-PTM reception with Legacy DRX operation for unicast. 

Observation 1 to 3 provides a high-level view of what areas need investigation for introduction of SC-PTM solution.

Proposal 1:  RAN2 is requested to capture the finding in this contribution in the SC-PTM technical report. 

3. Conclusion

In this contribution, we have briefly discussed study areas which require investigation in support of SC-PTM. The following observations and proposal were made.
Observation 1: It should be investigated how to schedule restriction and carrier selection for SC-PTM taken into account the difference of SC-PTM compared to unicast transmission.
Observation 2: It should be discussed radio protocol architecture new channel definition/ channel mapping and operation require for support of SC-PTM requires.

Observation 3: It should be investigated how to in-cooperate PDCCH monitoring for SC-PTM reception with Legacy DRX operation for unicast. 

Proposal 1:  RAN2 is requested to capture the finding in this contribution in the SC-PTM technical report. 

3

Page 3

