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Discussion and Decision
1 Introduction

In [1], work to extend multicast support to NB-IoT using SC-PTM was approved. In RAN1#86 and RAN2#95 meetings, the following agreements related to SC-PTM were made –

RAN1
· SC-PTM in NB-IoT is supported at least in RRC_IDLE mode. FFS RRC CONNECTED mode.
RAN2

· 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.
· 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.
In this contribution, we consider numerous aspects of SC-MCCH transmission.

2 SC-MCCH Scheduling

The SC-MCCH contains SCPTMConfiguration message which consists of SC-MTCH-InfoList information elements. Only one SC-MCCH is transmitted per cell and the transmission is periodic based on a repetition period as given in SIB20. In RAN2#95, it was agreed to assume that SC-MTCH is scheduled by PDCCH as in legacy mechanism. In RAN1, however, it has been proposed that the SC-MCCH can use control-less transmission with scheduling information provided in SIB20. The rationale is that SC-MCCH information content will rarely change in NB-IoT, and therefore there is no need for dynamic assignment of SC-MCCH transmission. However, scheduling via NPDCCH will provide more flexible scheduling and resource allocation. Furthermore, the eNB can also try to avoid collision issues (e.g. with paging or random access) if scheduling is done via NPDCCH. Figure 1 illustrates the number of subframes required for reliable NPDCCH demodulation. Since SC-MCCH contains the configurations for all SC-PTM sessions, it should typically be addressed to the entire cell area coverage. At 164 dB MCL, it is seen that approximately 256 subframes would be needed for around 1% BLER. 

Considering the use cases for NB-IoT, multicast transmission will not occur frequently. If the frequency of the SC-MCCH transmission is similar to that of SIB20, then there would be similar overhead whether the scheduling information is transmitted in SIB20 or via NPDCCH. However, there would be no flexibility with SIB20 transmission, and any modification will result in SIB update notification. Therefore, it is proposed the SC-MCCH is scheduled by NPDCCH.
Proposal 1: SC-MCCH is scheduled by NPDCCH.
For scheduling of the SC-MCCH, DCI format N2 can be used as the baseline. This DCI format provides all necessary information such as resource assignment, MCS level, and repetition number that would be needed for SC-MCCH transmission. Other possible scheduling information such as HARQ-ACK resource indicator, PDCCH order, and scheduling delay are not needed for SC-MCCH transmission.

Proposal 2: Consider reusing DCI format N2 for scheduling of SC-MCCH.
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Figure 1. NPDCCH performance.
It has been agreed in RAN2 that the SC-MCCH can be scheduled on anchor carrier and/or non-anchor carrier. This is of course beneficial for load balancing purpose. In addition, there is only one SC-MCCH in the cell. Therefore, SC-MCCH carrier indication can be done either in SIB20 or dynamically indicated via DCI. However, as cross-carrier scheduling is not currently supported in NB-IoT, it is not preferred to indicate SC-MCCH carrier via DCI. Therefore, the information about carrier to be used for SC-MCCH can be provided in SIB20.
Proposal 3: Information about carrier to be used for SC-MCCH can be provided in SIB20.
3 SC-MCCH Change Notification
In Rel-13, when there is a change in SC-MCCH information, the network notifies the UEs about the change in the first subframe that can be used for SC-MCCH transmission in a repetition period. UE checks for this change using the SC-N-RNTI. UE will then acquire the new SC-MCCH information starting from the same subframe. This change notification is used to inform UEs of new multicast sessions. In case there is no change, the UE can skip receiving the SC-MCCH which would save some power.
For NB-IoT, it is possible to reuse the direct indication technique for SIB change notification. DCI format N2 already contain a field to support direct indication of SIB changes which can be repurposed for SC-PTM. UEs that have acquired SC-MCCH previously will not need to decode the SC-MCCH again if this field is not updated. The SC-MCCH still needs to be transmitted though for UEs that have just entered the cell. In addition, there will be no need to support SC-N-RNTI. Only SC-RNTI and G-RNTI would be needed for NB-IoT, which can reduce complexity.
Proposal 4: Reuse direct indication mechanism for SC-MCCH change notification.  
4 Conclusions

In this contribution, we consider numerous aspects of SC-MCCH transmission and make the following proposals –

Proposal 1: SC-MCCH is scheduled by NPDCCH.
Proposal 2: Consider reusing DCI format N2 for scheduling of SC-MCCH.
Proposal 3: Information about carrier to be used for SC-MCCH can be provided in SIB20.
Proposal 4: Reuse direct indication mechanism for SC-MCCH change notification.  
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