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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, we will discuss the coverage enhancement for multi-cast service in NB-IoT.

2 Discussion
2.1 Coverage Enhancement for SC-MTCH
Since the major use case of multi-cast in NB-IoT is firmware or software update, it is reasonable to assume that different multi-cast services are interested by UEs in different coverage levels. For example, UEs interested in software updates for water and electricity meters are usually in higher coverage level because these UEs are usually deployed in the basement. On the contrary, UEs interested in software update for devices of logistics tracing are in good coverage with a high probability. In this case, because one multi-cast service is mapped to one SC-MTCH in a cell, it seems reasonable to allow different SC-MTCH to have different coverage levels. Same as unicast, different coverage levels can use different transmission configurations or parameters (e.g. repetition number).
Proposal 1:  Different SC-MTCH mapping to different services can have different CE levels. The CE level information is one of the configurations for SC-MTCH.
2.2 Coverage Enhancement for SC-MCCH
In Rel-13 SC-PTM, there is one SC-MCCH which indicates configurations of all SC-MTCH with a list. If different SC-MTCH have different CE levels as indicated by proposal 1, the coverage enhancement for SC-MCCH needs to be discussed. There are 2 potential options for consideration:
Option 1: one SC-MCCH for all SC-MTCH
As Rel-13 SC-PTM, one SC-MCCH is used to indicate the configurations of all multi-cast services (all SC-MTCH). The CE level for SC-MCCH should be decided according to the CE levels of all SC-MTCH (e.g. satisfy the highest coverage level of all SC-MTCH or the most coverage levels of all SC-MTCH, which leads to network implementation). 
This option is a simple design. There is only one common search space. But in this option, the configuration information of SC-MTCH with good coverage should be transmitted with configurations for bad coverage, which may cause additional latency and waste of radio resource of NPDSCH. Besides, UEs only interested in several multi-cast services need to receive all the configurations in SC-MCCH, which may cause additional power consumption.
Option 2: multiple SC-MCCH

Multiple SC-MCCH are used to indicate the configuration of all multi-cast services (all SC-MTCH). In this option, 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 level). Compared with option 1, different SC-MCCH can be transmitted with different coverage levels, which is beneficial for NPDSCH resource efficiency of SC-MCCH. In addition, UEs only need to receive SC-MCCH corresponding to their interested SC-MTCH, which saves UE power consumption. However, since more NPDCCH are needed for each SC-MCCH, this option will cause additional cost for NPDCCH. Whether the common search space is enough for NB-IoT in PHY layer needs more study in RAN1.
Proposal 2:  RAN2 needs to discuss and decide how to implement the coverage enhancement for SC-MCCH by considering the input from RAN1 on CSS resource.
2.3 CE level for different services
As mentioned before, generally, different multi-cast services are interested by UEs in different coverage levels. Therefore, the CE level for a service should be decided according to the CE levels of UEs interested in this service. Thus, the CE level of a multi-cast service should be decided by a network element which has both the interest information and the corresponding UEs’ coverage information.

In Rel-13 SC-PTM, eNB or MME don’t have the interest information of each multi-cast service for UEs in each cell. Consequently, eNB or MME can’t decide the CE level for a multi-cast service according to the CE level of UEs interested in this service. 

Since GCS AS counts the number of UEs interested in each service in each cell by receiving the subscription message from UEs, GCS AS can be considered as a potential option to decide the coverage level for a multi-cast service in a cell. In this case, UEs who are interested in multi-cast are required to report their coverage levels to GCS AS. The coverage level report can be achieved simultaneously with service subscription message to reduce additional power consumption. 
Proposal 3:  UE interested in multi-cast service reports its CE level to GCS AS. 
Proposal 4:  GCS AS can decide the coverage level of multi-cast service based on the reported CE levels from interested UEs.
3 Conclusion

This paper discusses how to guarantee the coverage enhancement for multi-cast service in NB-IoT. The corresponding proposals are listed below. 
Proposal 1:  Different SC-MTCH mapping to different services can have different CE levels. The CE level information is one of the configurations for SC-MTCH.
Proposal 2:  RAN2 needs to discuss and decide how to implement the coverage enhancement for SC-MCCH by considering the input from RAN1 on CSS resource.
Proposal 3:  UE interested in multi-cast service reports its CE level to GCS AS. 

Proposal 4:  GCS AS can decide the coverage level of multi-cast service based on the reported CE levels from interested UEs.
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