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1 Introduction
At RAN#72, a new work item on “Enhancements of NB-IoT” was agreed [1].

One major objective of this WID is extending Rel-13 SC-PTM to support multi-cast downlink transmission for NB-IoT. Firmware or software updates and group message deliver are considered as the main use case in the design of multi-cast for NB-IoT.

In this contribution, the configuration process of multi-cast in NB-IoT is discussed.

2 Discussion
In LTE Rel-13, the mechanism used for transmission of SC-PTM configuration can be illustrated as the following figure 1: 
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Figure 1. Rel-13 SC-PTM configuration transmission mechanism
In the legacy mechanism, SIB20 carries the configuration of SC-MCCH. In NB-IoT, in order to receive multi-cast services using SC-PTM, the legacy SIB20 should be used as baseline to define a new SIB20 instance. 
Proposal 1: The legacy SIB20 should be used as baseline to define a new SIB20 instances for NB-IoT.
The control information for UE to receive SC-MTCH (e.g. the DRX configuration, information of neighbor cells supporting SC-PTM, mapping between TMGI and G-RNTI, etc.) are transmitted every SC-MCCH repetition period in a SC-MCCH message on PDSCH scheduled by SC-RNTI on PDCCH. Besides the PDCCH used for scheduling the SC-MCCH transmission, a PDCCH with SC-N-RNTI will be transmitted in the first subframe of the SC-MCCH transmission if the contents of SC-MCCH has changed in the current SC-MCCH modification period.
However, there are only two CCEs in one subframe in NB-IoT, which may be not enough for carrying both scheduling and change notification NPDCCH for SC-MCCH [2]. Besides, since the NPDCCH needs repetitions (up to 2048 repetitions) to guarantee the coverage of UEs in NB-IoT, compared with Rel-13 SC-PTM, NPDCCH costs much more radio resources and needs longer transmission duration. Considering this, time-multiplexing of the scheduling NPDCCH and the notification NPDCCH will cause resources cost and additional latency. Based on the previous analysis, using two different NPDCCHs for SC-MCCH scheduling and SC-MCCH change notification respectively seems not suitable for multi-cast in NB-IoT.
Observation: Using two different NPDCCHs for SC-MCCH scheduling and SC-MCCH change notification respectively is not suitable in NB-IoT.
Therefore, optimizations for SC-MCCH transmission and SC-MCCH change notification should be considered in NB-IoT. There are two alternative options to adapt the SC-MCCH transmission to the NPDDCH design in NB-IoT:
Option 1: As shown in figure 2, a straightforward method is to use only one NPDCCH for both SC-MCCH scheduling and SC-MCCH change notification. In this option, how to implement the SC-MCCH change notification together with scheduling NPDCCH needs to be further discussed.
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Figure 2. Option 1: One NPDCCH for both scheduling and notification of SC-MCCH
Option 2: As shown in figure 3, the contents of SC-MCCH can be included in SIB20.
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Figure 3. Option 2: SC-MCCH contents carried in SIB20
In this option, SIB20 indicates the configuration of NPDCCH for SC-MTCH directly. Since the contents of SC-MCCH is included in SIB20, the system information update notification mechanism can be used. Option 2 is more power efficient for UEs because UEs only need to decode NPDCCH for SC-MTCH. Besides, this option is also beneficial for improving resource efficiency, reducing latency and simplifying the design of NPDCCH search space [3]. 
However, when the configuration of SC-MTCH is carried by SC-MCCH, which has a modification period independent of the system information modification period, multi-cast services can be added, modified and deleted faster than system information change. Without a SC-MCCH, the contents of the SC-MCCH will share the same modification period as the system information. Therefore, the impact on the flexibility of multi-cast configuration needs to be discussed. In NB-IoT, the major use case is software update, whose transmission duration can be a few minutes to several hours. Besides, in normal condition, software update is a latency tolerance service and the frequency of software update is lower than every six months. Considering this, the need for SC-MCCH to be modified with a higher frequency than system information seems not so strong in NB-IoT.
Proposal 2: RAN2 to discuss and decide how to optimize the scheduling and the change notification of SC-MCCH taking input from RAN1 into account. 
3 Conclusion

This paper focus on the configuraion process of multi-cast in NB-IoT. The corresponding observation and proposals are listed below. 
Observation: Using two different NPDCCHs for SC-MCCH scheduling and SC-MCCH change notification respectively is not suitable for NB-IoT.

Proposal 1: The legacy SIB20 should be used as baseline to define a new SIB20 instance for NB-IoT.
Proposal 2: RAN2 to discuss and decide how to optimize the scheduling and the change notification of SC-MCCH taking input from RAN1 into account.  
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