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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 [2]:

· Reception of multi-cast in RRC_IDLE mode is required by both NB-IoT and MTC.
· Reception of multi-cast in RRC_CONNECTED mode is not required for NB-IoT and FFS for MTC. 
Besides, at RAN1#86 meeting, it has been agreed that the priority of multi-cast needs to be decided [3]:
· In RRC IDLE mode, priority between SC-PTM and the following needs to be decided at least for:

· SC-PTM and paging, if there is a collision issue

· SC-PTM and a random access procedure (e.g. for unicast BSR), if there is a collision issue
In this contribution, the priorities related to multi-cast reception for UEs in NB-IoT are discussed.

2 Discussion
To reduce the device cost and complexity, Rel-13 NB-IoT has agreed the following restrictions for UEs:
· Only operation with half duplex from NB-IoT UE point of view is supported [4].

· UE is not required to simultaneously monitor NB-PDCCH USS and CSS [5].
· UE is not required to simultaneously monitor CSS-type1 for paging and CSS-type2 for RA [5].

· An NB-IoT UE that has received a grant from an NPDCCH is not required to monitor NPDCCH for any further DL or UL grant during the time period between the end of the NPDCCH that schedules the grant and the start of the corresponding NPDSCH or NPUSCH transmission [5].

Due to these restrictions, if the following collisions happen, the priorities should be decided to help the NB-IoT UEs who are receiving multi-cast to determine their behaviour:
· Collision between multi-cast reception and paging reception 

· Collision between multi-cast reception and system information acquisition
· Collision between multi-cast reception and random access procedure
· Collision between SC-MCCH reception and SC-MTCH reception
2.1 Priority between multi-cast and paging
Paging is used to indicate UEs the downlink unicast data arriving and the forthcoming system information update. Generally, unicast data should have a higher priority than multi-cast. Besides, missing the notification for system information update in paging message will make UEs to use invalid system information. Thus, it seems to be reasonable to assume that paging reception has a higher priority than multi-cast reception. 

However, the priority between paging reception and multi-cast reception is still under discussion in RAN1 because  some companies think that multi-cast should have a higher priority than paging at least in some cases. The reason is: The main use case for multi-cast of NB-IoT is software and firmware updates. In this use case, multi-cast transmission may take from dozens of minutes to several hours. If paging has a higher priority, UEs whose paging cycle is short (e.g. in the range of 10s of seconds) need to drop multi-cast reception that overlaps with the paging message quitefrequently . In this case, the reliability of multi-cast transmission for these UEs using small paging cycle may be very low.
Proposal 1:  Therefore, for priority between multi-cast and paging, RAN2 should wait and follow RAN1 decision. If a higher priority of multi-cast is agreed in RAN1, at least RAN2 should consider how to indicate UEs the forthcoming system information update.RAN2 should follow RAN1 decision about the priority between multi-cast and paging reception.. 
2.2 Priority between multi-cast and system information
According to current mechanism, there are two events to trigger UEs in RRC_IDLE mode to acquire system information:

· Event 1: RRC connection establishment. Before establishing RRC connection, UEs need to check the systemInfoValutTag to make sure the stored system information is valid. 
· Event 2: Paging. UEs receive a paging with a system information modification indication in NPDCCH or paging message. 

For event 1, since last RAN2#95 meeting has agreed that multi-cast reception of UEs in RRC_CONNECTED mode is not required, a UE trying to establish RRC connection means that this UE will drop multi-cast anyway. Thus, for collision caused by event 1, UEs should receive system information.
For event 2, if UEs are notified that system information is due to change, the UEs should read system information also because the system information is important to keep UEs workable.

Thus, for priority between multi-cast and system information acquisition, it is proposed that system information acquisition has a higher priority.
Proposal 2:  Compared to multi-cast, system information acquisition has higher priority. 
2.3 Priority between multi-cast and RA
In NB-IoT, there are two scenarios for UEs in RRC_IDLE mode to initiate a RA procedure:

· Initial access from RRC_IDLE (Setup or resume RRC connection)
· RRC Connection Re-establishment procedure

Since we assume that unicast should have a higher priority than multi-cast, for both of these two scenarios, it is proposed that RA has higher priority than multi-cast.

Proposal 3:  Compared to multi-cast, RA procedure has higher priority.
2.4 SC-MCCH and SC-MTCH
In Rel-13 SC-PTM [4], the SC-MCCH update notification is only triggered due to new session start. Therefore, for UEs who are receiving SC-MTCH are required to acquire the SC-MCCH information at the start of each modification period to check whether the configuration for the receiving SC-MTCH has been changed. From this point of view, if collision between SC-MTCH and the SC-MCCH at the boundary of modification period happens, it is reasonable for UEs to receive SC-MCCH first. Thus, it is proposed that SC-MCCH reception has a higher priority than SC-MTCH reception.

However, if SC-MCCH has higher priority, frequent interruptions and power consumption caused by SC-MCCH reception during the multi-cast needs to be considered. The analysis and solution can be found in another contribution [6].
Proposal 4:  Compared to SC-MTCH reception, SC-MCCH reception has higher priority. 
3 Conclusion

This paper focus on the poriority multi-cast reception. The corresponding proposals are listed below. 
Proposal 5:  RAN2 should follow RAN1 decision about the priority between multi-cast and paging reception. 

Proposal 6:  Compared to multi-cast, system information acquisition has higher priority. 

Proposal 7:  Compared to multi-cast, RA procedure has higher priority.

Proposal 8:  Compared to SC-MTCH reception, SC-MCCH reception has higher priority. 
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