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1
Introduction
In RAN meeting #66, support of SC-PTM (single cell point to multi-point) transmission was approved [1]. The objective of this study item is to investigate technical solutions for Single-cell PTM transmission in E-UTRAN. 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 this contribution, we discuss some high level design consideration to support SC-PTM. In particular, we focus on the aspects which have potential impact on physical and MAC layer.
2
Discussion
SC-PTM is a DL multicast service sent over PDSCH (here we refer as group PDSCH). For PDSCH carrying unicast service, the details and procedures are well defined based on current specification. However, it is not clear whether group PDSCH will follow the same details and procedures as specified for unicast PDSCH. Below are a list of issues trying to address these aspects.
· Issue 1: Support of a single SC-PTM service across multiple carriers

· While a unicast service can be scheduled over multiple carriers based on UE capability in carrier aggregation, a single group service spanning across multiple carriers requires all UEs receiving a particular group bearer with the same CA capability. This essentially limits the service availability to different UEs if they cannot support the supported carrier combination. On the other hand, a single service can always be repeated on multiple carriers if needed.
· Issue 2: Support of SC-PTM for UEs in both RRC_CONNECTED and RRC_IDLE state

· Allowing SC-PTM service to be received by UEs in RRC_IDLE state does not require UEs to enter RRC_CONNECTED state if they do not have unicast traffic. This reduces potential network congestion and may also saves UE complexity as they do not have to perform necessary activity involved in the RRC_CONNECTED state. On the other hand, with SC-PTM, the coverage is envisioned to be on the cell level hence when UE moves from one cell to another, UE may need to enter RRC_CONNECTED state to avoid service interruption. For some service with very high reliability requirement, only supporting UEs in RRC_CONNECTED state with different DRX configuration can be also considered.

· Issue 3: Support of transmission mode for group PDSCH
· When a single transmission targets for multiple UEs, transmit diversity mode (TM2) is a typical transmission mode as it can work with UEs at different geometry and different spatial property. However, TM2 is a transmission scheme based on CRS which implies that group PDSCH cannot be scheduled in MBSFN subframes. It further eliminates the possibility of using joint transmission for group PDSCH when the cells within the same site have the same service to transmit.

· Issue 4: Support of simultaneous reception of unicast PDSCH and group PDSCH in one subframe on a single carrier
· Without the support of simultaneous reception of unicast PDSCH and group PDSCH in one subframe on a single carrier, eNB has to schedule unicast and group PDSCH in different subframes. In order to perform the scheduling, eNB needs to be aware that UE is receiving group service. UE may reuse MBMS interest indication introduced in R11 to signal to eNB that it is receiving group service, however, eNB will have to avoid all subframes scheduled for all group services unless UE further indicates the interested group service in the MBMS interest indication.  
· If UE can support simultaneous reception of unicast PDSCH and group PDSCH in one subframe on a single carrier, eNB has the flexibility to schedule both group PDSCH and unicast to one UE. Without reusing MBMS interest indication, in case the data rate of combined group PDSCH and unicast PDSCH exceeds UE capability, UE can drop either unicast or group PDSCH. If UE reuses MBMS interest indication without specifying the specific service, eNB can schedule unicast by discounting the data rate for group service transmission. 

· Issue 5: Impact on PDCCH blind decodes with group PDSCH
· This issue is linked to issue 3 and 4. If UE does not support simultaneous reception of unicast PDSCH and group PDSCH in one subframe on a single carrier, there is no increase on UE PDCCH blind decodes. In case the simultaneous reception is desirable, there is no increase on UE PDCCH blind decodes if the group PDSCH is limited to TM2; however, when the transmission mode with group PDSCH is not limited to TM2, either UE needs to increase the number of PDCCH blind decodes or new DCI formats have to be introduced with the sizes aligned to format 1A.

· Issue 6: Support of ACK/NACK feedback for group PDSCH

· A typical unicast PDSCH is associated with the corresponding UL ACK/NACK feedback. On a single carrier without SPS configuration, the PUCCH resource for ACK/NACK feedback is linked to DL PDCCH index. Similarly, for PDCCH based group PDSCH, all UEs may be able to send feedback on the PUCCH resource linked to the PDCCH used for group PDSCH scheduling. In order for eNB to detect feedback information from all UEs, UE could only report NACK if it cannot decode. It does not incur additional network configuration or signaling. However, the benefits of using such feedback and potential conflict with unicast ACK/NAK feedback would need to be studied compared to no feedback.
· Issue 7: Support of retransmission on group PDSCH for coverage enhancement
· Retransmission is an effective way to increase the SC-PTM coverage. This is especially important for public safety where support of group call is desirable even in coverage limited scenario. One possibility is to use back-to-back retransmissions where UE does not have to increase additional HARQ buffer for SC-PTM reception at the cost of not being able to fully benefit from time diversity; another possibility is to allow non-contiguous retransmissions which is able to achieve better time diversity at the cost of increased HARQ buffer hence higher implementation complexity.
· Issue 8: Support of semi-static scheduling for group PDSCH
· With semi-static scheduling, UEs interested in group PDSCH only need to wake up at corresponding subframes to monitor PDCCH and PDSCH with group RNTI. Otherwise, UE needs to constantly monitor PDCCH with group RNTI to determine whether the group PDSCH is scheduled.
· Issue 9: Support of group PDSCH on SCell/SeNB/configurable SCell
· With the support of group PDSCH on SCell/SeNB/configurable SCell, UEs can potentially receive same group service irrespective of their PCell being different; otherwise, either each carrier needs to repeat sending the same service or network needs to configure same PCell for UEs in the same group. 

· Issue 10: Support of cross-carrier scheduling for group PDSCH

· Cross-carrier scheduling was introduced for UE to receive PDSCH in HetNet scenario where UE may have difficulty in receiving PDCCH on the carrier which transmits PDSCH. With the support of cross-carrier scheduling, UEs can receive group PDSCH on Scell even when it cannot decode PDCCH on Scell reliably.
· Issue 11: Support of EPDCCH for group PDSCH

· EPDCCH is another mechanism for UE to receive PDSCH in HetNet scenario where eNBs with different power class can use different sub-carriers to send control information. EPDCCH does not rely on CRS hence it can be used in MBSFN subframes. With the support of EPDCCH based scheduling, UEs can receive group PDSCH on Scell even when it cannot decode PDCCH on Scell reliably. 
· Issue 12: Support of group PDSCH in CSI-RS subframe

· CSI-RS (including ZP-CSI-RS) is introduced for UE to measure channel and interference for CSI feedback. PDSCH transmission gets punctured by the CSI-RS sub-carriers. To allow for flexible scheduling of group PDSCH in CSI-RS subframes, eNB may need to signal the group CSI-RS pattern to UEs interested in the same group; as an alternative choice, eNB can simply schedule group PDSCH in non-CSI-RS subframes.
· Issue 13: Support of MDT report for group PDSCH

· MDT (minimization of drive tests) report allows network to obtain UE reception status and is supported for both unicast and eMBMS. Current MDT report could include RSRP, RSRQ, MBSFN RSRP, MBSFN RSRQ and MCH BLER. One would directly apply unicast MDT report for group PDSCH; or we could follow similar MDT report as eMBMS by adding BLER information as with group PDSCH, a single packet is targeting multiple UEs.
3
Conclusions 

In this contribution, we discussed some design aspects for SC-PTM which may have potential impact on physical and MAC layer. In particular, we propose the following:
Proposal 1: A single SC-PTM service does not span across multiple carriers. This does not exclude repeating the same service on multiple carriers.
Proposal 2: Support SC-PTM receiving in both RRC_IDLE and RRC_CONNECTED, but allow some service only supports UEs receiving in RRC_CONNECTED state
Proposal 3: We propose RAN2 to discuss the following issues:

· Whether group PDSCH can be supported on SCell/SeNB/configurable SCell.

· Whether semi-static scheduling can be configured for group PDSCH.

· Whether MDT report can be supported for group PDSCH.

We further list a few aspects which require RAN1 expertise and we propose to involve RAN1 in the following issues:

· Whether group PDSCH is limited to TM2 or can allow for other transmission modes. In particular, whether DM-RS based transmission mode or joint transmission is allowed.

· Whether UE should support simultaneous reception for group PDSCH and unicast PDSCH in the same subframe on a single carrier and the corresponding impact on PDCCH blind decodes and DCI formats.

· Whether UE can send feedback for group PDSCH along with the corresponding benefit and impact with unicast feedback. 
· Whether retransmission is allowed for group PDSCH for coverage enhancement including both back-to-back retransmissions as well as non-contiguous retransmissions.

· Whether group PDSCH can be based on cross-carrier scheduling, EPDCCH scheduling or can be scheduled in CSI-RS subframes.
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