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Introduction
As written in [1], the objective of the study item on SC-PTM 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. The solution should be able to complement an MBSFN deployment in the same cell.
The study item includes 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 document, we provide description of the SC-PTM solution that was previously agreed as initial work of Rel-8 MBMS and finally removed from 3GPP specifications. We think that this Rel-8 solution is very similar to what proponents want to study in Rel-13. Hence, we propose to investigate Rel-8 solution in the study. Note that we think that Rel-8 solution is not complete because 3GPP did not finalize even Stage 2 work. 
Rel-8 MBMS Single Cell Transmissions
For Rel-8 E-UTRAN, 3GPP RAN2 previously agreed specification of single cell transmissions based on DL-SCH as well as multi-cell transmissions based on MBSFN for MBMS. However, 3GPP finally decided to remove two MBMS transmission modes from Rel-8 E-UTRAN specifications to focus on finalization of core aspects of initial LTE standard.
In Rel-9 E-UTRAN, 3GPP came back to MBMS specification work. However, single cell MBMS transmission was not captured in 3GPP specifications any more, while multi-cell MBMS transmission only survived in 3GPP specifications from Rel-9.
Final set of agreements on single cell MBMS transmissions based on DL-SCH were shown in 3GPP TS 36.300 v8.8.0 [2]. The solution agreed in Rel-8 will be described in the next sections where we provide issues for this study.
DL multicast over PDSCH in Rel-8 solution
Regarding DL multicast transmission over PDSCH, Rel-8 stage 2 description in [2] could be summarized as follows:
1. MBMS is transmitted only on the coverage of a specific cell.
2. BCCH broadcasts the resources where MCCH can be found.

3. MCCH is sent on DL-SCH for single cell transmission.
4. MTCH and MCCH are mapped on DL-SCH for PTM transmission.
5. Scheduling of PTM transmission is done by the eNB.
6. Segmentation/concatenation is needed for MBMS packets and should be totally up to Layer 2 in eNB.
7. Group (service specific) RNTI is used to address PTM transmissions.
We expect that Rel-8 solution has the following impact on the current 3GPP specifications:
· Observation 1: a new channel type is not defined for SC-PTM, but MCCH/MTCH is re-used.

· Observation 2: A single MCCH channel should be additionally specified to provide a list of services and transmission schedules for SC-PTM.
· Observation 3: New SIB on BCCH should be additionally specified to indicate scheduling transmissions of the new MCCH channel for SC-PTM.

· Observation 4: MCCH and MTCH can be mapped on DL-SCH for SC-PTM as well as MCH for MBSFN.
· Observation 5: eNB can schedule transmissions of MCCH and MTCH channels without coordination from MCE.
· Observation 6: RLC UM is configured for MCCH and MTCH in SC-PTM (same as in MBSFN).
· Observation 7: Group RNTI is configured per TMGI (service) and transmitted on PDCCH for SC-PTM transmission.
HARQ feedback and CSI report in Rel-8 solution
Regarding HARQ feedback and CSI report, Rel-8 stage 2 description in [2] could be summarized as follows:
1. UEs in a group can send HARQ ACK/NACK and CQI by using dedicated uplink feedback channels identical to those used in unicast transmission.
2. eNB performs link adaptation based on CQI received from one or more UEs for SC-PTM transmission.
3. eNB performs HARQ re-transmission if NACK is received e.g. from one or more UEs.
We think that it seems unclear whether or not HARQ feedback is also applicable for MCCH transmissions from Rel-8 solution. However, it seems likely that HARQ feedback is only applicable for MTCH transmissions. HARQ could be applied to MCCH transmissions without HARQ feedback, like BCCH transmissions on DL-SCH.
In addition, we think that CQI is used only for MTCH transmission on DL-SCH, assuming that MCCH transmission on DL-SCH will be similar to BCCH transmissions on DL-SCH.
We expect that Rel-8 solution has the following impact on the current 3GPP specifications:
· Observation 8: HARQ transmission/re-transmission is applied to MCCH and MTCH mapped to DL-SCH.

· Observation 9: UEs can send HARQ ACK/NACK to MTCH transmissions on DL-SCH.
· Observation 10: HARQ ACK/NACK is not sent for MCCH transmissions on DL-SCH.
· Observation 11: eNB uses CQI reported by UEs in a group for MTCH transmissions.
In our view, Rel-8 solution was not well investigated in RAN1 in the past. We think that RAN1 should investigate the following issues to complete this study, so that we propose to send a LS to RAN1 for investigations listed below:
· Observation 12: It should be further studied in RAN1 how HARQ ACK/NACK is transmitted on PUCCH resources in response to each transmission on DL-SCH.
· Observation 13: It should be further studied in RAN1 whether or not eNB can properly reuse the existing CQI reporting for SC-PTM transmissions without any enhancement.
Service Continuity in Rel-8 solution
Regarding Service Continuity, Rel-8 stage 2 specification in [2] captured the following agreement:
1. E-UTRAN provides the necessary optimization mechanisms to support seamless MBMS continuity between MBSFN and single-cell transmission and between cells providing single-cell transmission
2. Handover command at source cell can provide information on single cell transmission at target cell to a UE in handover.
We think that Rel-8 solution was not well investigated for service continuity aspect. In the second point, it is assumed that eNB knows which MTCH a UE is receiving in single cell transmission. This assumption is not in line with MBSFN. However, considering dedicated HARQ feedback to SC-PTM, it seems likely that eNB knows which MTCH a UE is receiving in SC-PTM for Rel-13.
· Observation 14: eNB should know which MTCH a UE is receiving in SC-PTM. How eNB knows it should be further investigated.
· Observation 15: Handover command at source cell can provide target cell SCPTM information to a UE in handover.
We also propose that RAN2 should further study service continuity aspect as follows:
· Observation 16: Service continuity between MBSFN and SC-PTM for the same TMGI should be further studied in RAN2.

· Observation 17: Service continuity between SC-PTM cells for the same TMGI should be further studied in RAN2.
In addition, it is clear that UE in RRC_CONNECTED will receive SC-PTM transmissions. However, it seems unclear whether or not UEs in RRC_IDLE should be able to receive SC-PTM transmissions.

· Observation 18: It should be clarified that UEs in RRC_IDLE should be able to receive SC-PTM transmissions.
Note that we discuss further details about service continuity in [3].
Conclusion
In conclusion, 3GPP already discussed SC-PTM solution in Rel-8 with some agreements captured in [2]. The Rel-8 solution is very similar to what proponents want to study in Rel-13. Hence, we propose to investigate Rel-8 solution in the study. 
It was pointed out that the Rel-8 solution has some impacts on 3GPP specifications and still some issues to be investigated for proceeding to future work as listed below:
· Observation 1: a new channel type is not defined for SC-PTM, but MCCH/MTCH is re-used.

· Observation 2: A single MCCH channel should be additionally specified to provide a list of services and transmission schedules for SC-PTM.

· Observation 3: New SIB on BCCH should be additionally specified to indicate scheduling transmissions of the new MCCH channel for SC-PTM.

· Observation 4: MCCH and MTCH can be mapped on DL-SCH for SC-PTM as well as MCH for MBSFN.
· Observation 5: eNB can schedule transmissions of MCCH and MTCH channels without coordination from MCE.
· Observation 6: RLC UM is configured for MCCH and MTCH in SC-PTM (same as in MBSFN).

· Observation 7: Group RNTI is configured per TMGI (service) and transmitted on PDCCH for SC-PTM transmission.

· Observation 8: HARQ transmission/re-transmission is applied to MCCH and MTCH mapped to DL-SCH.

· Observation 9: UEs can send HARQ ACK/NACK to MTCH transmissions on DL-SCH.

· Observation 10: HARQ ACK/NACK is not sent for MCCH transmissions on DL-SCH.
· Observation 11: eNB uses CQI reported by UEs in a group for MTCH transmissions.
· Observation 12: It should be further studied in RAN1 how HARQ ACK/NACK is transmitted on PUCCH resources in response to each transmission on DL-SCH.

· Observation 13: It should be further studied in RAN1 whether or not eNB can properly reuse the existing CQI reporting for SC-PTM transmissions without any enhancement.

· Observation 14: eNB should know which MTCH a UE is receiving in SC-PTM. How eNB knows it should be further investigated.

· Observation 15: Handover command at source cell can provide target cell SCPTM information to a UE in handover.
· Observation 16: Service continuity between MBSFN and SC-PTM for the same TMGI should be further studied in RAN2.

· Observation 17: Service continuity between SC-PTM cells for the same TMGI should be further studied in RAN2.
· Observation 18: It should be clarified that UEs in RRC_IDLE should be able to receive SC-PTM transmissions.
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