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1
Introduction
3GPP LTE has approved new Rel.14 work items of “Enhancements of NB-IoT” [1] and “Further Enhanced MTC” [2] to specify new features for enhancement of NB-IoT and eMTC. One of the feature is the support of DL multicast transmission by extending Rel13 SC-PTM.

Following were agreed in RAN2 #95 [3] on multicast:

· 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. 
· Service continuity of multi-cast should be supported as in Rel-13 for Idle mode for NB-IoT and 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.
· UM mode is to be used for SC-PTM in NB-IoT and MTC.
· To use SIB20 (or a somewhat modified variant) for SC-MCCH configuration (a new SIB20-NB for NB-IoT). 
· Both SC-MCCH and SC-MTCH can maybe be scheduled on anchor carrier and/or non-anchor carrier for NB-IoT.
· SC-MCCH and SC-MTCH can maybe be scheduled on different carriers for NB-IoT and for MTC (narrowband for MTC). Need to consider e.g. MCCH modification and e.g. frequency hopping for MTC. 
· Email discussion on the need for a feedback mechanism for SC-PTM for NB-IoT and/or MTC (Huawei). 
In this paper, we’d investigate the left open issues for supporting SC-PTM for NB-IoT and eMTC.
2
Discussions
Legacy SC-PTM does not support HARQ nor ARQ, and UE does not report link quality information in IDLE state. Therefore the reliability of the DL multicast transmission only replies on the selected MCS without considering the link adaptation in eNB. As analysed in [4], due to the restriction of the TBS for NB-IoT/eMTC, the successful ratio of transmission is low in each round of SC-PTM transmission, and there is almost no UE who can successfully receive the SC-PTM service. In addition, the UEs in RRC_IDLE state receiving the SC-PTM transmission are assumed to be at any radio conditions, the system shall apply MCS robust enough to ensure that service is delivered to UEs in poor radio conditions. However this may waste the radio resource unexpectedly and degrade the radio resource efficiency.  
During the Rel13 SC-PTM study, it was shown that UL feedback can improve SC-PTM spectral efficiency under some circumstances. The feedback mechanism for NB-IoT may be considered. When getting the NACK of a SC-MTCH transmission, the eNB may dynamically adjust the MCS and the number of repetitions to ensure the successful delivery of the SC-MTCH session. In addition, the eNB may not retransmit the whole service session but only retransmit the missing part of (failed TB) to reduce UE power consumption

Observation 1: Some kind of “link adaptation” process may be applied to improve the resource efficiency with the UL feedback.

It was agreed that the reception of multi-cast in RRC_IDLE mode is required by both NB-IoT and MTC. A UE in idle mode could unlikely send any UL data/signal without UL synchronization and available UL resource assignment. The UE may transit to connected state to provide the feedback when necessary; however the gains may not be worth of the increased significant signalling overhead. Therefore, that would be desirable that the feedback could be provided keeping UE in idle mode without any state transition.
Observation 2: To achieve maximum gain, the feedback without transiting UE to connected mode may be beneficial.  
The ACK of a successful reception seems not necessary for improving the performance, while the NACK would be more efficient. One potential approach is to reuse the PRACH preamble transmission for sending the NACK for DL multicast transmission. If the UE fails to decode the SC-MTCH, it may transmit the PRACH preamble to inform eNB of such failure, and UE does not need to respond anything for successful reception. To differentiate from the normal PRACH transmission, separate frequency resource, i.e. the different narrowband (for eMTC) or the different PRB (for NB-IoT) could be configured for SC-PTM feedback specifically. In addition, to accommodate different CE level of the UE, the mapping between the SC-PTM feedback resource and the CE level could be provided as well. All the feedback related information could be configured as additional parameters inside SCPTMConfiguration for each SC-MTCH session.   
Observation 3: The PRACH preamble may be used to indicate the NACK of the SC-MTCH transmission.

Proposal 1: To clarify from RAN1 the feasibility of utilizing PRACH preamble to provide feedback for multicast DL transmission.

For legacy LTE SC-PTM, UE needs to acquire the SC-MCCH scheduled by PDCCH when UE enters a new cell or is receiving an MBMS service. In addition, when the SC-MCCH information needs to be changed, the eNB notifies UEs about the change by indicating the SC-N-RNTI on the PDCCH in the first subframe available for SC-MCCH transmission in a repetition period. The UE needs to monitor two PDCCH transmissions in parallel from the same subframe which seems quite difficult for eMTC and NB-IoT due to restricted bandwidth. Though the PDCCH for scheduling SC-MCCH and the PDCCH for notifying the SC-MCCH modification may be transmitted from different carriers for NB-IoT or narrowband for MTC, the simultaneous reception of PDCCH from different carriers or narrowbands need clarification from RAN1 and RAN4. In addition, the DCI format used for change notification is not supported by NB-IoT, the new DCI format may be required as a consequence.
Observation 3: There may be challenges to apply the legacy SC-MCCH modification notification for FeMTC and eNB-IoT.
Rel13 NB-IoT defines DCI format N2 which contains a direct indicator for notifying the system information change. The same DCI format is proposed to schedule SC-MCCH for NB-IoT in [5]. Therefore, after decoding the PDCCH addressed by SC-RNTI, the UE may continue the SC-MCCH acquisition according to the scheduling information if the flag inside DCI format N2 indicates a SC-MCCH change. With applying the direct indicator, no additional PDCCH transmission addressed by SC-N-RNTI is required which could improve the resource efficiency and reduce implementation complexity
Proposal 2: Consider to use the SC-RNTI addressed PDCCH for scheduling SC-MCCH and notifying the SC-MCCH change.
3
Conclusions

This contribution has analysed open issues for supporting SC-PTM for NB-IoT and eMTC, following observations were made:

Observation 1: Some kind of “link adaptation” process may be applied to improve the resource efficiency with the UL feedback.

Observation 2: To achieve maximum gain, the feedback without transiting UE to connected mode may be beneficial.  

Observation 3: There may be challenge to apply the legacy SC-MCCH modification notification for FeMTC and eNB-IoT.
And based on the observations above, we propose:
Proposal 1: To clarify from RAN1 the feasibility of utilizing PRACH preamble to provide feedback for multicast DL transmission.

Proposal 2: Consider to use the SC-RNTI addressed PDCCH for scheduling SC-MCCH and notifying the SC-MCCH change.
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