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1 Introduction
In 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.

During the last RAN2#95 meeting, there were the following agreements for SC-MCCH [2]:

· 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. 
In this contribution, the scheduling and update mechanism of SC-MCCH in NB-IoT is discussed.

2 Discussion
2.1 SC-MCCH transmission and scheduling
In Rel-13 LTE, the process of SC-PTM transmission can be illustrated as the following figure 1: 
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Figure 1. Rel-13 SC-PTM configuration transmission mechanism
SC-MCCH (which includes control information for UEs to receive the SC-MTCH such as DRX configuration, information of neighbor cells supporting SC-PTM, mapping between TMGI and G-RNTI, etc.) is scheduled by PDCCH in Rel-13 SC-PTM, which is beneficial for the flexibility of scheduling and resource efficiency. 
In multi-cast of NB-IoT, there are two options to indicate the configurations of SC-MTCH:

· Option 1: Reusing the Rel-13 SC-PTM mechanism where the control information of SC-MTCH is included in SC-MCCH.
· Option 2: Transmitting the control information of SC-MTCH in system information (e.g. merge the control information of SC-MTCH with SIB20). 
Compared with option 1, the benefit of option 2 is smaller signalling cost, because the control information of SC-MCCH and PDCCH of SC-MCCH are not needed. However, the maximum size of SI message is only 680bits, which is only enough for the configuration of about 5 SC-MTCHs. Thus, the extension space may be not enough for the future. Besides, in option 2, without SC-MCCH, the control information of SC-MTCH in SIB20 will share the same modification period with other system information. If the MP for system information is very long, the flexibility of multi-cast configuration will be impacted. On the contrary, if the MP for system information is small, only a change of multi-cast configuration will trigger the system information update notification for all system information such as paging and VT update in MIB. In this case, the UEs who are not interested in multi-cast service also need to check at least MIB and SIB1 very frequently, which causes a lot of unnecessary power consumption.
Based on the previous analysis, it is proposed that the SC-MCCH in Rel-13 SC-PTM is reused to carry the configuration information of SC-MTCH for multi-cast in NB-IoT.

Proposal 1:  The SC-MCCH in Rel-13 SC-PTM is reused to carry the control information of SC-MTCH for multi-cast in NB-IoT.
For SC-MCCH transmission, there are also two options:
· Option 1: Reusing the Rel-13 SC-PTM mechanism in which the SC-MCCH is scheduled by PDCCH.

· Option 2: PDCCH-less mechanism in which SC-MCCH is scheduled by system information semi-statically.
Compared with option 1, option 2 can save one PDCCH transmission for SC-MCCH. However, option 1 has more flexibility for the transmission of SC-MCCH. And the PDCCH for change notification of SC-MCCH is still needed, which means that at least one PDCCH is needed for SC-MCCH anyway. Thus, from the flexibility of scheduling and resource efficiency points of view, option 2 is better. Since the flexibility of scheduling and resource efficiency are also relevant and excepted in NB-IoT, it is assumed that the legacy SC-MCCH mechanism in which the SC-MCCH is scheduled by NPDCCH is reused for multi-cast in NB-IoT.
Proposal 2:  The legacy SC-MCCH mechanism in which the SC-MCCH is scheduled by NPDCCH is reused for multi-cast in NB-IoT to achieve flexible scheduling.
Besides, in Rel-13 SC-PTM, for both PDCCH and PDSCH of SC-MCCH, the coverage enhancement has not been taken into account. In order to realize coverage enhancement, similar as SC-MTCH, it is assumed that repetition of NPDCCH and NPDSCH for SC-MCCH transmission is also needed for multi-cast in NB-IoT.
Proposal 3:  The repetition of NPDCCH and NPDSCH for SC-MCCH transmission should be introduced for multi-cast in NB-IoT.

In Rel-13 SC-PTM, the concept of modification period for SC-MCCH is used. Within a modification period, the same SC-MCCH may be transmitted a number of times based on a repetition period broadcasted in SIB20, which is beneficial for UEs to enter the cell to get SC-MCCH information as soon as possible. For the same reason, the same mechanism should be reused for multi-cast in NB-IoT. 
Proposal 4:  SC-MCCH transmitted a number of times based on a repetition period within a modification period is reused for NB-IoT.

2.2 SC-MCCH update
In Rel-13 SC-PTM, a PDCCH with SC-N-RNTI will be transmitted in the first subframe of the SC-MCCH transmission if the contents of SC-MCCH have changed in the current SC-MCCH modification period.
However, there are only two CCEs in one subframe for NB-IoT, which may be not enough to carry both scheduling NPDCCH with SC-RNTI and change notification NPDCCH with SC-N-RNTI for SC-MCCH [3]. Besides, since the NPDCCH needs repetitions (up to 2048 repetitions) to guarantee the coverage enhancement in NB-IoT, compared with Rel-13 SC-PTM, NPDCCH costs much more radio resources and needs longer transmission duration. Based on these reasons, time-multiplexing of the scheduling NPDCCH and the notification NPDCCH will cause expensive resources cost and additional latency. According to 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.
To avoid two different NPDCCHs for SC-MCCH, SC-N-RNTI can be removed and alternative mechanism for SC-MCCH update notification without SC-N-RNTI monitoring should be considered in NB-IoT.
Proposal 5:  SC-N-RNTI is not supported. Alternative mechanism for SC-MCCH update notification without SC-N-RNTI should be introduced for multi-cast in NB-IoT.
A straightforward way is using only one NPDCCH for both SC-MCCH scheduling and SC-MCCH change notification. In this method, the DCI in NPDCCH scrambled with SC-RNTI can include a notification to indicate whether SC-MCCH information has been changed or not in the current modification period. The details of the notification and DCI format depend on RAN1 design.
Proposal 6:  The change notification and the scheduling for SC-MCCH are indicated by one NPDCCH scrambled with SC-RNTI together. Details depend on RAN1 design. 
According to [4] and [5], in Rel-13 SC-PTM, a UE that is receiving a multi-cast service shall acquire the SC-MCCH information at the start of each modification period to check the change of SC-MCCH due to new Session Start. However, the main use case in multi-cast of NB-IoT is software and firmware updates. In this use case, multi-cast transmission may take a duration from dozens of minutes to several hours. Requiring UEs who are ongoing software or firmware update to check SC-MCCH at each boundary of modification period during such a long time may cause the following potential problems:

· Since UEs in NB-IoT are not required to monitor two searching space simultaneously [3], if there is an overlap between the searching spaces of SC-MCCH and SC-MTCH due to repetition, these UEs can only receive SC-MCCH with higher priority. If the modification period is small, the multi-cast reception will be interrupted by SC-MCCH reception very frequently.
· Beside the frequent interruption issue, these UEs need to decode one NPDCCH and one PDSCH for SC-MCCH at each modification period during the software or firmware update, which will cause much power consumption.
Therefore, an optimization for SC-MCCH information update for UEs who is receiving multi-cast service to avoid frequent interruptions during SC-MTCH reception and unnecessary power consumption needs to be considered.
Based on proposal 6, an additional indicator can be introduced into NPDCCH for SC-MTCH scheduling. This indicator can be used to indicate whether the SC-MCCH information corresponding to this SC-MTCH is changed in next modification period. If the corresponding SC-MCCH information will not change in next modification period, the UEs who are receiving SC-MTCH are not need to acquire SC-MCCH at next boundary of modification period by checking the configuration of this SC-MTCH. Thus, the frequent interruptions during SC-MTCH reception and power consumption can be reduced significantly.
Proposal 7:  An indicator in NPDCCH for SC-MTCH is introduced for NB-IoT to indicate whether the SC-MCCH information corresponding to this SC-MTCH is changed in next modification period.
3 Conclusion

This paper focus on the scheduling and update notification of SC-MCCH 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 in NB-IoT.

Proposal 8:  The SC-MCCH in Rel-13 SC-PTM is reused to carry the control information of SC-MTCH for multi-cast in NB-IoT.
Proposal 9:  The legacy SC-MCCH mechanism in which the SC-MCCH is scheduled by NPDCCH is reused for multi-cast in NB-IoT to achieve flexible scheduling.

Proposal 10:  The repetition of NPDCCH and NPDSCH for SC-MCCH transmission should be introduced for multi-cast in NB-IoT.

Proposal 11:  SC-MCCH transmitted a number of times based on a repetition period within a modification period is reused for NB-IoT.

Proposal 12:  SC-N-RNTI is not supported. Alternative mechanism for SC-MCCH update notification without SC-N-RNTI should be introduced for multi-cast in NB-IoT.
Proposal 13:  The change notification and the scheduling for SC-MCCH are indicated by one NPDCCH scrambled with SC-RNTI together. Details depend on RAN1 design. 
Proposal 14:  An indicator in NPDCCH for SC-MTCH is introduced for NB-IoT to indicate whether the SC-MCCH information corresponding to this SC-MTCH is changed in next modification period.
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