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1. Introduction
RANP#66 agreed study item on SC-PTM with following objectives


The objective of this study item is to investigate technical solutions for Single-cell PTM transmission in E-UTRAN. Solutions should reuse the existing eMBMS system architecture and focus on the radio efficiency improvement. Solutions should be flexible and efficient enough to support “dynamic multicast” for a wide range of use cases.
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.

Coordination with SA2 and RAN3 on the potential impacts on architecture and network interface, and the outcome of SA2 WI “MBMS Enhancements” on the establishment of MBMS bearers using target area information could be taken into account.

In line with the current assumptions in the Rel-12 and Rel-13 GSCE work, methods for the UE to report its location information and interest information to the network, so that traffic data could be routed towards the cell that UE locates, are left to application layer.

The solution should reuse existing standardized functionalities when possible and justified.

The solution should be able to complement an MBSFN deployment in the same cell.

In this contribution we provide our view on some aspects which needs to be studied for SC-PTM and propose the solution requirements.
2. Discussion
2.1 Terminology

We propose to define the following terminology:
SC-PTM: Single cell point to multipoint transmission mode over the radio interface to transfer MBMS session data over a single cell. All UEs that are interested in the MBMS session listen to the same PDSCH in that cell.

SC-PTM service/session: same as MBMS service/session.
SC-PTM control information: Information over BCCH and/or SC-PTM specific control channel transmitting the information necessary to acquire control information in order to enable joining the MBMS session

Proposal 1: Capture the terminology in the TR

2.2. MBMS variants with SC-PTM
It is our assumption that the following variants will exist with the introduction of SC-PTM: 

1. MBMS services and related sessions mapped to MCCH/MTCH, MCH and PMCH channels using multicast over multiple cells using MBSFN

2. MBMS services and related sessions supported over unicast without using MBSFN (transparent to RAN and similar to normal packet service)

3. MBMS services and related sessions mapped to MCCH/MTCH, MCH, and PDSCH channels allowing multiple UEs in a single cell accessing the same resources. 
A single cell may or may not support combination of these variants depending on the MBMS service(s) required to be supported and overall operator deployment choice. The SC-PTM design should allow all three variants to coexist.
Further, MBMS is supported over a mixed carrier having unicast and MBMS transmissions. It is a fair starting point that single Cell- PTM is also supported on a mixed carrier involving unicast and SC-PTM 
Proposal 2: PDSCH of a cell supporting SC-PTM shall be able to transfer system information, RAR, paging, RRC messages, and unicast data along with SC-PTM. Further restrictions regarding the combinations, if any, shall be studied further.
2.3 Idle and connected mode 
MBMS reception is supported for both idle as well as connected mode UEs. Support of Idle as well as connected mode UEs in SC-PTM depends on the detailed solution. 
If e.g. HARQ feedback and CSI reports are necessary then SC-PTM should be supported for connected mode UEs only. HARQ feedback will ensure error free delivery and CSI reports will provide eNB scheduler the channel conditions of the UE. These reports will then ensure that SC-PTM transmissions are sent with appropriate power and MCS for a group of UEs.  But if above reports are not deemed necessary and current MBMS model is followed then idle mode UEs can also be supported with a common power level and lowest common MCS. 
MBSFN subframes are reserved for MBMS transmission and if UE is not interested in many MBMS services, there could be wastage of radio resources in that particular MBSFN subframe. If idle mode UEs are supported in SC-PTM, then probably a similar approach of reserving a subframe/resources would be taken for SC-PTM as well. But since the whole subframe will use PDSCH, the concern about resource utilisation is not valid. 

The additional benefit of supporting idle mode will be that eNB does not need to maintain UE context for all interested UEs receiving SC-PTM service. We therefore propose that:
Proposal 3: Support of SC-PTM shall be studied for both Idle and connected mode UEs as a starting point. 
MBMS UE is informed about MCCH timing and then as a result of reading the MCCH the UE will know which subframes are MBSFN subframes. MSI indicates position of each MTCH and unused subframes on MCH. This is an efficient mechanism to avoid UE waking up frequently. With SC-PTM over PDSCH, there is a flexibility to perform dynamic scheduling for idle mode UEs but this should not require UE monitoring PDCCH effectively every subframe.  

In connected mode, UE can monitor effectively every subframe outside the DRX periods. In fact, dynamic scheduling over PDCCH/PDSCH can be used to tackle the problems with MBSFN resource pre-reservation and congestion /underutilisation of these pre-reserved MBSFN resources. Therefore, we see no need for any further enhancements in connected mode regarding UE power consumption.

Proposal 4: RAN2 to agree that SC-PTM solution shall ensure that idle mode, if supported, power consumption is comparable to MBMS reception in idle mode.

2.4 SC-PTM design criteria

An MBMS session is provided either using unicast or multicast and the selection depends on efficient utilisation of radio resources. If there are not enough UEs interested in MBMS reception or there is congestion of packets scheduled over MBSFN subframes, then MBMS service over unicast will be resource efficient. Further, there have been discussions on congestion management for group communications [2] to allow fast transition from multicast to unicast.  
Group communication is one of the candidate services for SC-PTM. MBMS session is transmitted over PDSCH and there may or may not be resource allocation like MBSFN subframes. However, there should be a possibility to switch from multicast (PDSCH transmission for a group of UEs) to unicast (PDSCH for a dedicated UE) and vice versa. Such switching will be useful for both idle mode and connected mode reception to help in better power control and interference management.
Proposal 5: The SC-PTM solution shall allow efficient radio resource utilisation. This may translate into providing MBMS session using either unicast (PDSCH transmission for a dedicated UE) or multicast (PDSCH transmission for a group of UEs) and vice versa. The switching should be based on legacy MBMS mechanism.
MBMS supports multiplexing of services to a single transport block. The filtering based on scheduling information and LCH ID in MAC PDU is done in MAC layer. This is done to achieve statistical multiplexing gain. Same principle shall apply to SC-PTM transmission
Proposal 6: Multiplexing of services to a single transport block shall be permitted for SC-PTM

Currently, MBMS control information (over MCCH and BCCH) relevant only for UEs supporting MBMS is separated from unicast. Further, there should be no overlap with MBMS because MBMS and SC-PTM should ideally co-exist in a cell.

Proposal 7: SC-PTM control information shall be separated from MBMS and unicast 

2.5 Architecture
User plane architecture for MBMS allows eNB to join the nearest IP multicast for a service. The timing of transmission is maintained using timing information received from the MBMS-GW. 
One of the related feature is suspension and resumption of MBMS service i.e. eNB can join the IP multicast session for a service and then suspend IP multicast connection and later re-join the same IP multicast. SC-PTM should also have the same functionality. At the same time, it will mandate the support of IP multicast in the network. Also, the need for SYNC protocol should be studied further.
Proposal 8: RAN3 shall study the architectural aspects. 
3. Conclusion
We propose RAN2 to discuss and agree following proposals

Proposal 1: Capture the terminology in the TR
Proposal 2: PDSCH of a cell supporting SC-PTM shall be able to transfer system information, RAR, paging, RRC messages, and unicast data along with SC-PTM. Further restrictions regarding the combinations, if any, shall be studied further.
Proposal 3: Support of SC-PTM shall be studied for both Idle and connected mode UEs as a starting point.
Proposal 4: RAN2 to agree that SC-PTM solution shall ensure that idle mode, if supported, power consumption is comparable to MBMS reception in idle mode.
Proposal 5: The SC-PTM solution shall allow efficient radio resource utilisation. This may translate into providing MBMS session using either unicast (PDSCH transmission for a dedicated UE) or multicast (PDSCH transmission for a group of UEs) and vice versa. The switching should be based on legacy MBMS mechanism.
Proposal 6: Multiplexing of services to a single transport block shall be permitted for SC-PTM
Proposal 7: SC-PTM control information shall be separated from MBMS and unicast 
Proposal 8: RAN3 shall study the architectural aspects.
We prepared a text proposal as below based on above proposals
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Text proposal

Terminology

SC-PTM: Single cell point to multipoint transmission mode over the radio interface to transfer MBMS session data over a single cell. All UEs that are interested in the MBMS session listen to the same PDSCH in that cell.

SC-PTM service/ session: same as MBMS service/ session.
SC-PTM control information: Information over BCCH and/or SC-PTM specific control channel transmitting the information necessary to acquire control information in order to join MBMS session

Study requirements
PDSCH of a cell supporting SC-PTM shall be able to transfer system information, RAR, paging, RRC messages, and unicast data along with SC-PTM. Further restrictions regarding the combinations, if any, shall be studied further
. 
SC-PTM transmission shall be studied for both idle mode and connected mode UEs as a starting point. SC-PTM solution shall ensure that idle mode, if supported, power consumption is comparable to MBMS reception in idle mode.
Public safety Group communication is one of the candidate service for SC- PTM. Depending on the radio resource utilisation, power control and interference, the solution shall allow switching between unicast (PDSCH transmission for a dedicated UE) and PTM transmissions (PDSCH transmission for a group of UEs) and vice-versa.
Multiplexing of services to a single transport block shall be permitted for SC-PTM
SC-PTM control information shall be separated from MBMS and unicast
