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Introduction

In RAN#67, support of single cell point to multipoint transmission was agreed in [1].   The objective of this study item is to investigate technical solutions for Single-cell PTM (SC-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.
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 in which the UE is located, are left to the application layer.
RAN2 discussed the Study Item “Support of Single-cell PTM transmission in LTE” in RAN2#89.  An LS [2] was sent to RAN1 with the following questions:
1)	RAN2 discussed what gains could be achieved with link adaptation and HARQ (re)transmissions if group members can provide e.g. CSI/HARQ feedback. RAN2 would like RAN1 to evaluate e.g. CSI/HARQ feedback in response to SC-PTM transmissions on PDSCH.
2)	Which transmission mode(s) could be supported for the SC-PTM transmission, e.g. is it possible to support other transmission mode(s) in addition to TM2?
3)	Is it feasible to support simultaneous reception of unicast and one or more SC-PTM transmissions in one subframe on one carrier?
In this contribution, we discuss the questions raised by RAN2 in their LS and propose possible responses.   
Single Cell Point-to-Multipoint transmission based on eMBMS framework
The single cell PTM study is intended for the support of group communication with potentially improved radio efficiency.   SC-PTM would use PDSCH to transmit the traffic to multiple UEs for group communication within the cell.  The PDSCH resource in SC-PTM would be allocated on demand when the traffic arrives in the cell instead of preconfigured MBSFN subframes and MBSFN area for group communication over MBMS.      
Unlike SC-PTM, MBMS is designed to be an SFN-type transmission in an MBSFN area where the waveform is non-coherently combined at the UE to improve spectral efficiency.  SFN-type operation demands configuring MBSFN subframes in all cells in an MBSFN area regardless of whether any group communication UEs are in the cell or not.   
Single cell PTM would not have the non-coherent combining gain of SFN-type operation.  In order to compensate the lack of combining gain, the eNB could attempt to optimize the spectral efficiency with channel dependent radio resource allocation and MCS assignment similar to PDSCH transmission for unicast traffic, if the eNB could track all group communication UEs in the cell.   Since group communication UEs would have different channel qualities, the link adaptation would need to be optimized jointly among group members based on available channel quality information received at the eNB.   

· Link adaptation and HARQ (re)transmissions for SC-PTM transmissions on PDSCH –
Link adaptation and channel aware scheduling may in some scenarios improve the spectral efficiency for single cell PTM transmission.   To dynamically adapt to frequency selective fast and shadow channel effects, real-time channel state information of all UEs would need to be fed back to the scheduler.  If no CSI feedback was available to the eNB scheduler,the eNB could only perform slow link adaptation based on long term channel properties.  Only CONNECTED mode UEs can be configured with CSI feedback; no CSI can be fed back by IDLE mode UEs.     
Observation 1: The eNB could configure CONNECTED mode group communication UEs with CSI feedback in SC-PTM for fast link adaptation.   For IDLE mode group communication UEs without CSI feedback, link adaptation and MCS assignment would be up to the eNB implementation.  

For PDSCH transmission, HARQ provides time diversity and early termination gain.   A/N feedback is usually transmitted on PUCCH with implicit resource indication linked to the PDCCH resource for the DL grant.   For SC-PTM, a DL grant would be received by multiple group communication UEs.  Only one PUCCH resource would be linked to the PDCCH resource for all group members in SC-PTM based on current PUCCH resource allocation mechanism.  Thus, there would be a need to study how the PUCCH resource allocation mechanism would operate if HARQ-ACK were to be supported for SC-PTM. There is also currently no PUCCH resource allocation mechanism for IDLE mode UEs, and these UEs do not have a valid timing advance.

Observation 2: If Single cell PTM with HARQ were to be supported for CONNECTED mode UEs, the method of PUCCH resource allocation would need to be studied.  
Observation 3: UEs in IDLE mode cannot transmit HARQ-ACK.  

· Transmission mode(s) for the SC-PTM transmission –
For SC-PTM with PDSCH transmission targeting multiple UEs, TM1 SIMO or TM2 transmit diversity mode can both work with UEs at different geometries and with different spatial channel properties.  The open loop spatial multiplexing transmission mode, TM3, could also be configured. Transmission modes with closed-loop spatial multiplexing, such as TM4, TM9, or TM10, would require CSI feedback to be configured for the UEs; however, given that the different UEs would have different PMI, the usefulness of these modes is likely to be limited.     
Observation 4: Transmission modes 1, 2 and 3 could be supported for SC-PTM.  

· Multiplexing of unicast and one or more SC-PTM transmissions in one subframe on one carrier -

PDSCH is used for the transmission of SC-PTM.   PDSCH for SC-PTM is not different to PDSCH for unicast traffic.   Thus, multiplexing of unicast traffic and one or more SC-PTM transmission in one subframe on one carrier can be supported.

Observation 5: Multiplexing of unicast traffic and one or more SC-PTM transmission in one subframe on one carrier can be supported.

Conclusion
We have discussed the questions raised by the RAN2 LS [2] on SC-PTM. We have made the following observations: 
Observation 1: The eNB could configure CONNECTED mode group communication UEs with CSI feedback in SC-PTM for fast link adaptation.   For IDLE mode group communication UEs without CSI feedback, link adaptation and MCS assignment would be up to the eNB implementation.  
Observation 2: If Single cell PTM with HARQ were to be supported for CONNECTED mode UEs, the method of PUCCH resource allocation would need to be studied.  
Observation 3: UEs in IDLE mode cannot transmit HARQ-ACK.  
Observation 4: Transmission modes 1, 2 and 3 could be supported for SC-PTM.  
Observation 5: Multiplexing of unicast traffic and one or more SC-PTM transmission in one subframe on one carrier can be supported.

In the light of these observations, we propose the following responses to RAN2:
1) RAN2 discussed what gains could be achieved with link adaptation and HARQ (re)transmissions if group members can provide e.g. CSI/HARQ feedback. RAN2 would like RAN1 to evaluate e.g. CSI/HARQ feedback in response to SC-PTM transmissions on PDSCH.
Proposed response: RAN1 notes that IDLE mode UEs cannot provide CSI/HARQ feedback, and the PUCCH resource allocation mechanism for SC-PTM would need to be studied. RAN1 suggests that RAN2 first evaluate the benefits from the RAN2 perspective. 

2) Which transmission mode(s) could be supported for the SC-PTM transmission, e.g. is it possible to support other transmission mode(s) in addition to TM2?
Proposed response: Transmission modes 1, 2 and 3 could be supported for SC-PTM.

3) Is it feasible to support simultaneous reception of unicast and one or more SC-PTM transmissions in one subframe on one carrier?
Proposed response: Multiplexing of unicast traffic and one or more SC-PTM transmission in one subframe on one carrier can be supported.
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