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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 delivery are considered as the main use cases in the design of multi-cast for NB-IoT.

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

SC-MCCH:
· SC-MCCH for feMTC and NB-IoT is scheduled dynamically.
· We assume we need to support large values for SC-MCCH modification period, repetition period. Exact values FFS
· RAN2 assumes that direct Indication or similar mechanism (that provides information in DCI) can be used for SC-MCCH change notification. RNTI is FFS. 

· SIB20 indicate the carrier for SC-MCCH, and SC-MCCH indicate the carrier for MTCH. FFS if there can be multiple SC-MCCH
· FFS whether RAN-level start/stop time information is introduced.
SC-MTCH:
· UE need to know whether to attempt to receive a SC-PTM transmission or not, based on the UE radio conditions vs. the expected coverage of the SC-PTM transmission. FFS if the UE can do this based on knowing MCS and repetitions 

· Different multicast services may have different coverage enhancement levels, which should be configurable depending on the need for a particular coverage enhancement for that service.
In this contribution, based on these agreements, some SC-MCCH related issues including SC-MCCH scheduling, update notification and content are further discussed.

2 Discussion
2.1 SC-MCCH scheduling and transmission
In the last RAN2 meeting, it has been agreed that different multi-cast services can be configured with different coverage enhancement levels depending on the coverage requirements of the services. These multi-cast services have different configurations such as TMGI, G-RNTI, carrier information, repetition number, DRX parameters, etc., all of which are indicated by SC-MCCH. Suppose there is only one SC-MCCH per cell like Rel-13 SC-PTM, the configurations of all SC-MTCH in SC-MCCH need to be transmitted together using the same transmission parameters (e.g. the same repetition number, modification period, and carrier). One SC-MCCH per cell may have the following possible shortcomings for multi-cast in NB-IoT:

· It is assumed that the configuration of SC-MCCH (e.g. repetition number) should satisfy the highest coverage enhancement level of all SC-MTCH. In this case, the configurations of SC-MTCH with lower coverage requirement will be transmitted with high coverage level, which may cause additional latency and waste of radio resources.
· UEs only interested in several multi-cast services (consider the main use case of multi-cast in NB-IoT is software update, in most cases, UEs may only have interest in one update service) need to receive and update the configurations of all SC-MTCH, which may cause additional power consumption and frequent interruption to the ongoing SC-MTCH reception.
Thus, as an optimization for SC-MCCH, it is proposed to support multiple SC-MCCH in NB-IoT. For UEs, it is possible to only acquire and update the SC-MCCH corresponding to their interested services. The power consumption, latency and interruption to SC-MTCH reception can be reduced. Multiple SC-RNTI need to be supported also. The mapping relationship between SC-MCCH and SC-RNTI should be broadcasted by SIB20-NB.
Proposal 1:  Multiple SC-MCCH are supported. The mapping relationship between SC-MCCH and corresponding SC-RNTI is broadcasted by SIB20-NB.
One or multiple SC-MTCH can be mapped to one SC-MCCH (e.g. one SC-MCCH can be used for multiple SC-MTCH with the same coverage enhancement level). Different SC-MCCH may have different coverage enhancement levels. Compared with one SC-MCCH per cell, different SC-MCCH with different coverage enhancement levels is beneficial for resource efficiency of SC-MCCH. 

Proposal 2:  Different SC-MCCH may have different coverage enhancement levels.
Besides, different SC-MCCH can be assigned to different carriers, which is good for the load balance among different carriers. 

Proposal 3:  Different SC-MCCH can be scheduled on different carriers. 
2.2 SC-MCCH update
In last RAN2 meeting, two alternative options for SC-MCCH update notification have been agreed to be further discussed:

· Option 1: Direct Indication in NPDCCH of paging.
· Option 2: Using indication provided by DCI in PDCCH scheduling SC-MCCH.
For option 1, to guarantee the Direct Indication is timely, the modification period of SC-MCCH needs to be equal to or larger than the maximum eDRX cycle of UEs who are interested in corresponding multi-cast service. Since the eNB has neither the interest information nor eDRX cycle of UEs in RRC_IDLE mode, eNB can only configure the modification period to the maximum eDRX cycle, 2.91 hours. In this case, the flexibility of modifying and deleting the scheduling of SC-MTCH is reduced.
Therefore, we propose option 2 as a more flexible method in which only one NPDCCH is used for both SC-MCCH scheduling and SC-MCCH change notification. The DCI in NPDCCH can include a notification to indicate whether SC-MCCH information has been changed in the current modification period. The details of the notification and DCI format depend on RAN1 design.
Proposal 4:  The change notification of SC-MCCH is indicated in the DCI in PDCCH for SC-MCCH scheduling. Details about DCI format depend on RAN1 design. 
In Rel-13 SC-PTM, the change notification is used to indicate the change of SC-MCCH due to new Session Start and is only monitored by UEs who are not receiving multi-cast services. The same design of update indication should be reused in the proposed indication in DCI of SC-MCCH for NB-IoT. 
Proposal 5:  The change notification in the DCI reuses the same mechanism as Rel-13 to indicate the new Session Start to the UEs who are not receiving any multi-cast services.
According to [3] and [4], 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 service start, modification and delete. 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 [5], 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 are receiving multi-cast service to avoid frequent interruptions during SC-MTCH reception and unnecessary power consumption needs to be considered.
Considering the major use case of multi-cast, software update, it is assumed that most of NB-IoT UEs are interested in only one multi-cast service simultaneously. It is unnecessary for these UEs to read the SC-MCCH at each modification period to check the new service start. Thus, based on proposals 4 and 5, 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 (i.e. modified or deleted) in next modification period. If the corresponding SC-MCCH information will not change in next modification period, the UEs who are receiving SC-MTCH and only interested the ongoing SC-MTCH do 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 6:  An indicator in NPDCCH for SC-MTCH is introduced to indicate whether the SC-MCCH information corresponding to this SC-MTCH will be changed in next modification period.
However, UEs who are interested in more than one multi-cast services simultaneously still need to check SC-MCCH at each boundary of modification period. For these UEs, to reduce the interruptions to SC-MTCH reception and the power consumption caused by SC-MCCH reception in each modification period, another indicator which indicates whether new services are due to start in next modification period.
Proposal 7:  An indicator in NPDCCH for SC-MTCH is introduced to indicate whether the new services are due to start in next modification period.

2.3 SC-MCCH content
It has been agreed that the carrier information of SC-MTCH is indicated by SC-MCCH. Besides, at least the following information need to be included in SC-MCCH also (the exact names can be revised):
The scheduling information for each SC-MTCH in sc-mtch-InfoList:
· npdcch-NumRepetitions;
· npdcch-StartSF;
· npdcch-Offset;

· TMGI;
· sessionId;

· G-RNTI;
· onDurationTimerSCPTM;
· drx-InactivityTimerSCPTM;
· schedulingPeriodStartOffsetSCPTM;
· sc-mtch-neighbourCell.
The neighbor cell information for at most 8 neighbor cells in the SCPTM-NeighbourCellList:

· physCellId;
· carrierFreq.
Proposal 8:  The above parameters are included in SC-MCCH.

In Rel-13 SC-PTM, at most 1024 SC-MTCH are supported in one cell. Considering the use cases of multi-cast, this maximum number should be reduced in NB-IoT. Taking the sizes of the parameters of proposal 9 in Rel-13 SC-PTM as a reference, for one SC-MTCH, about 100 bits are needed in SC-MCCH. Besides, according to sc-mcch-duration-r13 in SIB20, SC-MCCH can be divided into at most 9 segments. Considering that the maximum DL TBS in NB-IoT is 680 bits (has been agreed to be extended to 1352 bits), 9 transport blocks are able to carry 6120 bits (with extended TBS, 12168 bits) information. Thus, we propose that at most 64 SC-MTCH are supported in multi-cast of NB-IoT. If multiple SC-MCCH is supported, the total number of SC-MTCH supported by all SC-MCCH is 64.
Proposal 9:  At most 64 SC-MTCH are supported in NB-IoT.

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. 
Proposal 10:  Multiple SC-MCCH are supported. The mapping relationship between SC-MCCH and corresponding SC-RNTI is broadcasted by SIB20-NB.

Proposal 11:  Different SC-MCCH may have different coverage enhancement levels.

Proposal 12:  Different SC-MCCH can be scheduled on different carriers. 

Proposal 13:  The change notification of SC-MCCH is indicated in the DCI in PDCCH for SC-MCCH scheduling. Details about DCI format depend on RAN1 design. 
Proposal 14:  The change notification in the DCI reuses the same mechanism as Rel-13 to indicate the new Session Start to the UEs who are not receiving any multi-cast services.
Proposal 15:  An indicator in NPDCCH for SC-MTCH is introduced to indicate whether the SC-MCCH information corresponding to this SC-MTCH will be changed in next modification period.
Proposal 16:  An indicator in NPDCCH for SC-MTCH is introduced to indicate whether the new services are due to start in next modification period.
Proposal 17:  The proposed parameters are contained in SC-MCCH.

The scheduling information for each SC-MTCH in sc-mtch-InfoList:

· npdcch-NumRepetitions;

· npdcch-StartSF;

· npdcch-Offset;

· TMGI;

· sessionId;

· G-RNTI;

· onDurationTimerSCPTM;

· drx-InactivityTimerSCPTM;

· schedulingPeriodStartOffsetSCPTM;

· sc-mtch-neighbourCell.

The neighbor cell information for at most 8 neighbor cells in the SCPTM-NeighbourCellList:

· physCellId;

· carrierFreq;
Proposal 18:  At most 64 SC-MTCH are supported in NB-IoT.
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