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1 Introduction

In the approved work item (WI) on Rel-14 enhancements for NB-IoT [1] one of the WI objectives is the following:

Multicast
· Extend Rel-13 SC-PTM to support multi-cast downlink transmission (e.g. firmware or software updates, group message delivery) for NB-IoT [RAN2 lead, RAN1, RAN4, RAN3]

· Introduction of necessary enhancements to support narrowband operation, e.g. support of NPDCCH, and coverage enhancement, e.g. repetitions
In this contribution we will discuss the introduction of SC-PTM support for NB-IoT from RAN1 perspective. A general discussion of SC-PTM can be found in [2].  

2 SC-PTM support for NB-IoT
As discussed in [2], an NB-IoT UE needs to receive SC-MCCH and SC-MTCH (or similar) logical channels for SC-PTM. SC-MCCH is used to transmit the control information related to SC-PTM transmissions and one SC-MCCH per cell is transmitted periodically by RRC based on a configurable repetition period. This configuration is given in SIB20. From RAN1 perspective, the support of SIB20 and SC-MCCH should be provided. SIB20 can be treated in a similar way as other SIBs, and SC-MCCH can be carried by NPDSCH. 
However, due to there may be different requirements for different types of multi-cast service, and different types of multi-cast service may target at UEs in different coverage levels, especially for very short for group messages used, e.g., for polling of data or sending actuator commands. For example, we may would like to message or poll different UE groups at the same time. Therefore, from a system point of view it is beneficial to provide flexible configurations for multi-cast service. 
Observation 1 From a system point of view, it may be beneficial to provide support of flexible multi-cast service configurations, e.g., for different coverage levels.
As pointed out in [2], there are challenges for NB-IoT to determine the repetition factor and MCS used for SC-PTM. Furthermore, due to the multi-cast nature, the UEs are usually in different channel conditions for receiving the multi-cast service. Therefore, whether use the current NPDSCH design is efficient for multi-case service needs more considerations. For example, there might be benefit to have support of different redundancy versions to enable UEs in good coverage to have early terminations of the receptions.

Observation 2 Selection of repetition factor and MCS is a more complex procedure for multicast than unicast due to the different channel conditions of the receiving UEs. 

Proposal 1 RAN1 discusses whether different redundancy versions are needed for multi-cast service. 
As discussed in the general overview contribution [2], there are three RNTIs the UEs are monitoring when using SC-PTM. Currently, there is no DCI format in NB-IoT for supporting change notification like in legacy SC-PTM (i.e. no DCI Format 1C). Moreover, as pointed out in [2], the current notification mechanism using SC-N-RNTI is neither efficient nor suitable for NB-IoT use. Thus, until RAN2 decides a proper mechanism for notifying UEs on SC-MCCH change, we do not see it is necessary to define a new DCI format similar to DCI format 1C in RAN1. If SC-N-RNTI is still used, new DCI formats need to be defined. Alternatively, SC-MCCH change notification is handled using some other mechanism, such as including a change notification flag in Direct Indication information, that is, using DCI format N2 for NB-IoT [3].

Proposal 2 It is not necessary to define new DCI format in RAN1 at this moment to support notifying UEs on SC-MCCH change. 
Multi-carrier operation for NB-IoT is supported for in the Rel-13, but the non-anchor carrier is configured on a per UE bases through RRC message. Since there are lots of common channels, e.g., NPBCH/NPSS/NSS/NB-SIB1, broadcast on the anchor carrier, there may be limited amount of resource available on the anchor carrier that can be used for multi-cast. Therefore, it is beneficial to support multi-cast both on anchor and non-anchor carriers. 
Proposal 3 It is proposed to support multi-cast both on anchor carrier and non-anchor carriers. 

3 Conclusion

Based on the discussions, we have the following observations and proposals.  
Observation 3 From a system point of view, it may be beneficial to provide support of flexible multi-cast service configurations, e.g., for different coverage levels.

Observation 4  Selection of repetition factor and MCS is a more complex procedure for multicast than unicast due to the different channel conditions of the receiving UEs. 

Proposal 4 RAN1 discusses whether different redundancy versions are needed for multi-cast service. 

Proposal 5 It is not necessary to define new DCI format in RAN1 at this moment to support notifying UEs on SC-MCCH change. 
Proposal 6 It is proposed to support multi-cast both on anchor carrier and non-anchor carriers. 
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