[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK1]3GPP TSG RAN WG1 Meeting #87                           R1-1612254
Reno, USA, 14th - 18th November 2016

[bookmark: Source]Agenda item:		6.2.9.2
Source: 			Xinwei
Title:             Discussion on SC-MTCH in NB-IoT
Document for:		Discussion
1. Introduction
In RAN1 #86bis and RAN2 #95 meeting, multicast support in NB-IoT was discussed with the following agreements:
· The Rel-13 SC-PTM architecture is assumed for multi-cast design for NB-IoT and MTC.
· Reception of multi-cast in RRC_IDLE mode is required by both NB-IoT and MTC.
· Reception of multi-cast in RRC_CONNECTED mode is not required for NB-IoT and FFS for MTC. 
· RAN2 assumes that the legacy SC-MTCH mechanism in which the SC-MTCH is scheduled by PDCCH is reused for multi-cast in NB-IoT and MTC to achieve flexible scheduling.
· RAN2 assumes that repetition for SC-MTCH transmission will be introduced for multi-cast in NB-IoT and MTC.
· The CE level information (e.g. repetitions) is one of the AS configurations for SC-MTCH.
· To use SIB20 (or a somewhat modified variant) for SC-MCCH configuration (a new SIB20-NB for NB-IoT). 
This contribution mainly discusses how SC-MTCH could be scheduled in NB-IoT multicast and possible ACK/NACK feedback mechanism of SC-MTCH to enhance multicast reliability and reduce system overhead.
2. SC-MTCH scheduling mechanism
In Rel-13 SC-PTM architecture, SC-MTCH is dynamically scheduled by PDCCH to achieve flexible scheduling. For NB-IoT multicast, in order to satisfy the requirement on reception reliability of UEs under bad coverage, all transmissions need to use high repetition number which leads to substantial resource occupation. If a multicast session with a lot of data is transmitted, since each SC-MTCH transport block needs to be dynamically scheduled by NPDCCH, the overhead caused by NPDCCH transmission with high repetition number will be significant cost of the system.
The overhead of NPDCCH transmission can be significantly reduced by semi-persistent scheduling for SC-MTCH. The disadvantage of semi-persistent scheduling compared with dynamically scheduling is the relatively restricted flexibility. However the complexity of NB-IoT multicast is reduced compared with SC-PTM in LTE, and a lower requirement of scheduling flexibility could be expected. Moreover, since SC-MCCH is configured by SIB20-NB, which means multicast flexibility is firstly restricted by SC-MCCH information change notification period, a very flexible scheduling mechanism for SC-MTCH might be unnecessary.
Co-existence of dynamic and semi-persistent scheduling in NB-IoT multicast is not recommended since UE needs to be configured with two RNTIs and detect both searching spaces, which will substantially increase system cost. Therefore we prefer using semi-persistent scheduling of SC-MTCH.
Proposal 1: Semi-persistent scheduling of SC-MTCH should be supported in NB-IoT multicast.
3. ACK/NACK feedback of SC-MTCH
Based on typical multicast scenarios for NB-IoT UEs, e.g. multicast session of software update, the number of packets in a SC-PTM session is probably large but the failed reception of any packet will impact performance of the full session. Therefore retransmission in this case needs to be introduced to protect reliability. However, blind retransmission of all session transport blocks will introduce significant overhead for the system since there might be a large number of retransmissions of successfully reception. Therefore ACK/NACK feedback mechanism of SC-PTM sessions in NB-IoT should be taken into consideration.
Furthermore, all UEs in a SC-PTM group are generally distributed at different CE levels and have different configuration parameters such as repetition number. For the purpose of reliable reception, the repetition number of a multicast session needs to be large enough for the highest CE level supported by the SC-PTM group. However if UEs with high CE level are only a small subset of the SC-PTM group, the large repetition number actually becomes overhead for other UEs at low CE level, and from system perspective the overhead might be significant cost.
This overhead will also be reduced by introducing ACK/NACK feedback mechanism. The network could adjust repetition number of a SC-PTM session to meet the requirement of certain CE level(s), and if the target CE level(s) is indicated in SC-MCCH, UEs at other CE levels could either keep reception of the SC-MTCH in legacy way and transmit NACK to eNodeB to trigger retransmission if reception is failed, or skip reception and directly send NACK to eNodeB if the SC-MTCH packet is first time of transmission. The network could also use adaptive transmission parameters e.g. TBS/MCS/repetition based on feedback results to further reduce system overhead. With this mechanism the repetition number of SC-PTM sessions could be restricted and system throughput is enhanced. 
Proposal 2: ACK/NACK feedback mechanism of SC-MTCH transmission should be introduced in NB-IoT multicast.
Proposal 3: If ACK/NACK feedback is supported in NB-IoT multicast, eNodeB could use repetition number of low CE level for ST-MTCH to reduce system overhead. The reliability of UEs at high CE level can be protected by feedback based retransmission.
Since only retransmission of failed reception needs to be detected, we suggest only NACK should be transmitted in NB-IoT multicast to reduce overhead and power consumption. If a transport block is successfully received by NB-IoT UE, the UE transmits no feedback and skips reception of the following SC-MTCH if a retransmission flag is detected.
As shown in RAN2 agreements[2] that reception of multicast in RRC_Connected mode is not required for NB-IoT, only feedback mechanism of RRC_IDLE mode UEs should be discussed. Since the network cannot schedule feedback resources for RRC_IDLE UEs directly, there are two possible options for feedback transmission:
· Option 1: Preamble based feedback – UE transmits certain preamble(s) as NACK feedback to eNodeB similar to NPRACH transmission. The feedback preamble should be common for all UEs in the same SC-PTM group, and among different groups the feedback could be distinguished by using different group-specific preambles, or subframes, or non-anchor PRBs if supported.
· Option 2: Unicast based feedback – UEs transmit NACK feedback to eNodeB by UL unicast. With this option, RRC_IDLE UEs needs to establish RRC connection, send feedback resource allocation request to eNodeB, and then eNodeB schedules UL unicast resource to corresponding UE. 
eNodeB manages SC-MTCH retransmission based on received feedback. Retransmission of Option 1 is restricted to multicast only since receiver information is not indicated in the group-specific preamble. For Option 2, retransmission by DL unicast should be considered as a baseline. When multiple UEs fail reception of a given SC-MTCH transport block, retransmission by multicast could also be used to increase efficiency. 
Proposal 4: NACK feedback of failed SC-MTCH reception could be transmitted to eNodeB in preamble-based or unicast-based way. If a SC-MTCH transport block is successfully received, no feedback is needed and UE could skip the following multicast reception if retransmission flag is detected.
Proposal 5: Retransmission of SC-MTCH should be multicast for preamble-based feedback and be unicast or multicast for unicast-based feedback.
4. Conclusion
Proposal 1: Semi-persistent scheduling of SC-MTCH should be supported in NB-IoT multicast.
Proposal 2: ACK/NACK feedback mechanism of SC-MTCH transmission should be introduced in NB-IoT multicast.
Proposal 3: If ACK/NACK feedback is supported in NB-IoT multicast, eNodeB could use repetition number of low CE level for ST-MTCH to reduce system overhead. The reliability of UEs at high CE level can be protected by feedback based retransmission.
Proposal 4: NACK feedback of failed SC-MTCH reception could be transmitted to eNodeB in preamble-based or unicast-based way. If a SC-MTCH transport block is successfully received, no feedback is needed and UE could skip the following multicast reception if retransmission flag is detected.
Proposal 5: Retransmission of SC-MTCH should be multicast for preamble-based feedback and be unicast or multicast for unicast-based feedback.
5. References
[1] Draft minutes report of RAN1 #86bis
[2] RP-161853, Status report for WI: Enhancements of NB-IoT

