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Collision handling for NB-IoT SC-PTM was discussed in RAN1#86 and RAN1#86bis with the following agreements [1]:
· 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

Meanwhile, RAN2 agreed that only UEs in IDLE mode receive the NB-IoT multicast based on SC-PTM [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. 
· We consider to make the following agreement (working assumption for now):
	MT (paging) vs. SC-PTM: MT (Paging) has higher priority than SC-PTM
	MO (except signalling) vs SC-PTM: UE implementation
	MO signalling vs SC-PTM: MO signalling has priority. 

This contribution provides further analysis and considerations on UE behavior when collision happens between NB-IoT SC-PTM and other traffic. 
Collisions in NB-IoT SC-PTM
Paging transmission on a non-anchor carrier is being introduced in Rel-14 NB-IoT. In RAN1#86 and RAN2#95, some agreements regarding paging have been made:
RAN1#86 agreements:
· For paging: 
· For a Rel-14 NB-IoT UE, both anchor and non-anchor PRB can be selected as the paging PRB 
· A Rel-14 UE chooses the PRB based on UE_ID
· Paging message on NPDSCH is scheduled by NPDCCH on the same PRB.
· Send LS to RAN2 with these RAN1 agreements

RAN2#95 agreements:
· NB-IoT system information includes a list of carriers which can be used for paging.
· We assume that The existing paging frame and subframe calculations in 36.304 are reused.
· The paging procedure for Rel-14 is the same as for Rel-13, i.e. the paging message on NPDSCH is scheduled by NPDCCH.
· When paging is done on non-anchor carriers both the NPDCCH and the NPDSCH is received on the same non-anchor carrier.
· In order for the eNB to know if a UE can be paged on a non-anchor carrier some information needs to be provided from the MME as part of the paging message. 

Based on the agreements, Rel-14 NB-IoT UEs may be required to receive paging messages from different carriers, either from anchor carrier or non-anchor carrier. Hence, for the group of UEs who are receiving an on-going SC-MTCH session, the UEs may correspond to different carriers for paging message transmission. Hence, RAN1 made an observation that there may be cases where the UE cannot monitor NPDCCH search spaces and/or receive NPDSCH transmissions for both paging and SC-PTM simultaneously. RAN1 also informed this to RAN2 in an LS.

Further, the eNB does not know the exact group of IDLE mode UEs who are receiving one specific SC-MTCH session. This aspect should be taken into consideration when collision handling issue is discussed from RAN1’s perspective.
Observation 1: eNB does not know the exact group of IDLE mode UEs who are receiving a specific SC-MTCH session.
Consideration on collision handling
This section provides some considerations on how to optimize the reception of SC-PTM from RAN1’s perspective, based on the RAN2 working assumption.
Collision handling for paging and SC-PTM
For UEs who are interested in a SC-PTM multicast, before the acquisition of the configuration information of the related SC-MTCH, the UEs will monitor SC-MCCH periodically according to the modification period of SC-MCCH. It is proposed that NB-IoT UEs always monitor the corresponding Type1-CSS for paging and drop all the transmissions related to SC-MCCH (including the collided NPDCCH candidates and NPDSCHs for SC-MCCH) that overlap the Type1-CSS and paging message.
Proposal 1: NB-IoT UEs drop all the transmissions related to SC-MCCH (including the collided NPDCCH candidates and NPDSCHs for SC-MCCH) that overlap their Type1-CSS and paging message transmissions when paging has higher priority than SC-PTM.
It is known that from RAN1’s perspective the reliability of multicast transmission would be impacted due to some transport blocks being dropped due to overlapping with paging transmissions. Furthermore, for an IDLE mode UE, typically on a lot of paging occasions of the UE, there would be no paging message arrival. So in this case, it is a pure loss to the UE to drop the SC-MTCH related transmission for monitoring the Type1-CSS without paging arrival. In this sense, physical layer design can try to avoid this kind of dropping of SC-MTCH and should strive to provide the eNB with means to minimize the impact on SC-MTCH reception due to collision between paging and SC-MTCH in case of paging has higher priority. 
Observation 2: For an IDLE mode UE, there would be no paging message arrival and no SI change indication on a lot of paging occasions of the UE, in typical scenarios of NB-IoT.
Proposal 2: RAN1 should strive to minimize the impact on SC-MTCH reception due to collision between paging and SC-MTCH in case of paging has higher priority.
A solution can be considered as shown in Figure 1, where it is possible to differentiate in the DCI between UEs which do need to actually monitor paging during a SC-MTCH transmissions and UEs which do not. Once the paging indicator field in a DCI that schedules SC-MTCH is set to TRUE, a UE interested in receiving the scheduled NPDSCH for SC-MTCH, shall go to monitor its paging occasions for detecting any paging message and direct indications. Otherwise, if the indication is FALSE, the UE  shall keep on receiving the scheduled NPDSCH for SC-MTCH because the paging indicator field indicates that there is not any paging or direct indication during the scheduled NPDSCH for SC-MTCH.
Multiple bits of the paging indicator field can be considered if the DCI format for scheduling NPDSCH for SC-MTCH has available space. More bits can increase the number of groups that can be differentiated by the paging indicator field. Hence, this can increase accuracy of the indication.
Proposal 3: Introduce Paging Indicator Field in the DCI format that schedules NPDSCH of SC-MTCH:
· Paging Indicator Field is set to 1: In the duration of the associated NPDSCH of SC-MTCH, the UE is required to monitor Type1-CSS for paging on paging  occasions ;
· Paging Indicator Field is set to 0: In the duration of the scheduled NPDSCH of SC-MTCH, the UE is not required to  monitor Type1-CSS for paging on paging occasions;
· FFS: Whether to use multiple bits for better granularity of the indication;
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Figure 1 Illustration on paging indicator field in DCIs that schedule NPDSCHs for SC-MTCH

Collision handling for RACH and SC-PTM
Once a RACH procedure is initiated by MAC, the messages transmitted in the RACH procedure have higher priority than any SC-MTCH transmission. Hence, the search space and NPDSCHs of any SC-MTCH are dropped when they overlap with an ongoing RACH procedure. However, if the RACH procedure fails, the UE can resume the reception of the SC-MTCH transmissions.
Proposal 4: NPDCCH and NPDSCH for SC-PTM are dropped during a RACH procedure from UE perspective.
[bookmark: _Ref129681832]Conclusions
In this contribution, collision handling between SC-PTM and paging are discussed when multicast service is introduced in NB-IoT. It is proposed to agree the following proposals:
Proposal 1: NB-IoT UEs drop all the transmissions related to SC-MCCH (including the collided NPDCCH candidates and NPDSCHs for SC-MCCH) that overlap their Type1-CSS and paging message transmissions when paging has higher priority than SC-PTM.
Proposal 2: RAN1 should strive to minimize the impact on SC-MTCH reception due to collision between paging and SC-MTCH in case of paging has higher priority.
Proposal 3: Introduce Paging Indicator Field in the DCI format that schedules NPDSCH of SC-MTCH :
· Paging Indicator Field is set to 1: In the duration of the associated NPDSCH of SC-MTCH, the UE is required to monitor Type1-CSS for paging on paging  occasions ;
· Paging Indicator Field is set to 0: In the duration of the scheduled NPDSCH of SC-MTCH, the UE is not required to  monitor Type1-CSS for paging on paging occasions;
· FFS: Whether to use multiple bits for better granularity of the indication;

Proposal 4: NPDCCH and NPDSCH for SC-PTM are dropped during a RACH procedure from UE perspective.

Observation 1: eNB does not know the exact group of IDLE mode UEs who are receiving a specific SC-MTCH session. 
Observation 2: For an IDLE mode UE, there would be no paging message arrival and no SI change indication on a lot of paging occasions of the UE, in typical scenarios of NB-IoT.
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