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Collision handling for NB-IoT SC-PTM was discussed in RAN1#86 meeting with the following agreements [1]:
· SC-PTM in NB-IoT is supported at least in RRC_IDLE mode. FFS RRC CONNECTED mode.
· 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
· If RRC_CONNECTED mode is supported, priority between SC-PTM and the following needs to be decided at least for:
· SC-PTM and unicast, 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. 
Based on above agreements, the collision handling issues for UEs in IDLE mode should be resolved and this contribution provides further analysis and considerations on collision handling when NB-IoT multicast is introduced. 
Collision between SC-PTM and paging for NB-IoT
Paging transmission over non-anchor PRB 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 require to receive paging message from different PRBs, either from anchor PRB or non-anchor PRB. Hence, for the group of UEs who are receiving an on-going SC-MTCH session, the UEs may correspond to different PRBs where the corresponding paging message is assumed to be transmitted. Furthermore, according to the existing paging frame and subframe calculations in 36.304, different UEs would correspond to different paging frames and paging occasions in time domain even though they are receiving the same on-going SC-MTCH session. An example is shown in Figure 1.


Figure 1: An example to show the collision between paging and NB-IoT SC-MTCH
As shown in Figure 1, UE1 and UE2 are receiving one on-going SC-MTCH session. The paging frames and paging occasions are evenly distributed in time domain due to the difference of UE_ID. Also, the PRBs used for paging transmission of UE1 and UE2 could be also different in Rel-14. It can be observed that the timings of DCIs and the NPDSCHs for the SC-MTCH transmission may overlap with quite a lot of POs of different UEs who are receiving the SC-MTCH session. Hence, it is not easy to handle the collision between SC-MTCH and paging by network implementation.
Further, the eNodeB does not know the exact group of IDLE mode UEs who are receiving one specific SC-MTCH session. Hence, it is not easy for eNodeBs to avoid collision between paging and one specific SC-MTCH session by implementation due to the lack of the essential information.
Observation 1: eNodeB does not know the exact group of IDLE mode UEs who are receiving a specific SC-MTCH session.

Consideration on collision handling
For UEs who are interested in a SC-PTM multicast, before the acquisition of the configuration information of the related SC-MTCH, the UE 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 drops all the SC-MCCH transmissions (including the CSS and NPDSCHs for SC-MCCH) that overlap the type1-CSS and paging message.
Proposal 1: NB-IoT UEs drop all the SC-MCCH transmissions (including the CSS for SC-MCCH) that overlap their Type1-CSS and paging message transmissions.
For NB-IoT UEs who are already in the reception of one on-going SC-MTCH, in our companion paper [3] it is proposed that only the search space for the SC-MTCH transmission is monitored and there is no need to monitor search space for SC-MCCH when a notification of change of configuration of SC-MTCH is not received. In this case, only the collision between paging and one specific SC-MTCH session transmission needs to be handled. It should be noticed that once there comes a paging request from the core network, this usually implies some important network commanded traffic arrival. An example could be in the scenario of metering case. For metering application, sometimes the supply of water or power would be cut off due to the user being in arrears. Once the user has paid back arrears, the supply of water or power should be recovered in a timely manner, which is triggered by a paging message to the metering device. In this case, the paging message from the network has the highest priority and cannot be blocked when the metering device is receiving the software update package. In this sense, it is preferred to support the paging reception for UEs who are in the reception of one on-going SC-MTCH session. At least, it should be configurable per SC-MTCH by the network.
One possible solution can be hard coding the priority between paging and all SC-MTCHs. However, if paging messages always have higher priority than any SC-MTCH transmission, the UE always goes to the PRB configured for paging reception to monitor the Type1-CSS for paging and drops all the SC-MTCH transmissions that overlap the Type1-CSS and paging message. This would reduce the reliability of multicast transmission, because some transport blocks would be lost due to overlapping with paging transmissions. On the other hand, if paging messages always have lower priority than any SC-MTCH transmission, the network commanded service could be deprioritized for a long time due to a transmission of SC-MTCH. This may be not acceptable for some application scenarios, just like in the example that the recovery of power/water should be in a timely manner once the arrears have been paid back. This would severely impact the user experience.
Hence, it is preferred that the priority between paging and one specific SC-MTCH can be configured by eNB. Different SC-MTCH transmission corresponds to different applications, which may have different requirement on whether a network commanded service should not be blocked even the UE is receiving the software update package. Therefore, it is preferred to allow eNB to configure the priority between the paging reception and SC-MTCH reception per SC-MTCH transmission. And when the SC-MTCH is removed from the configuration list in the SC-MCCH, the UE should resume the paging reception.
Proposal 2: Allow the network, per SC-MTCH, to configure the priority between paging reception and the SC-MTCH reception for UEs who are in the reception of the corresponding SC-MTCH.
Proposal 3: Paging reception is supported while the UE is receiving one specific SC-MTCH, which is configured by network to allow paging reception.
However, as paging requests are actually from the core network, potential impacts on the ability of CN to page the UE in idle mode in this case will need to be considered with higher layers and SA2 before a final decision can be reached in the physical layer.
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 loss to drop the SC-MTCH related transmission for monitoring the Type1-CSS without paging arrival. In this sense, an optimized way to support paging reception of UEs who are in the reception of one on-going SC-MTCH session should not be precluded.

For Idle mode UE, besides the paging message, RACH procedure would be initiated due to the fact that some new data arrives and needs to be transmitted in uplink. It was agreed the UEs in CONNECTED mode do not receive any SC-MTCH in NB-IoT. So, once a RACH procedure is initiated by higher layer, the messages transmitted in RACH procedure have higher priority than any SC-MTCH transmission. Hence, the search space and NPDSCHs of any SC-MTCH are dropped when they are overlapped with an initiated RACH procedure. However, if the RACH procedure fails, the UE can resume the reception of the SC-MTCH transmissions.
Proposal 4: NPDCCH and NPDSCH of any SC-MTCH are dropped when they are overlapped with the duration of an initiated RACH procedure.
[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 as the start point of the NB-IoT multicast design.
Observation 1: eNodeB does not know the exact group of IDLE mode UEs who are receiving a specific SC-MTCH session.
Proposal 1:NB-IoT UEs drop all the SC-MCCH transmissions (including the CSS for SC-MCCH) that overlap their Type1-CSS and paging message transmissions.
Proposal 2: Allow the network, per SC-MTCH, to configure the priority between paging reception and the SC-MTCH reception for UEs who are in the reception of the corresponding SC-MTCH.
Proposal 3: Paging reception is supported while the UE is in the reception of one specific SC-MTCH, which is configured by network to allow paging reception.
Proposal 4: NPDCCH and NPDSCH of any SC-MTCH are dropped when they are overlapped with the duration of an initiated RACH procedure.
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