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1. Introduction
In RAN1 #86 meeting, the collision handling issue when SC-PTM is introduced in NB-IoT was discussed with the following agreements:
Agreement:
· 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
This contribution firstly discusses the priority of SC-PTM sessions compared with paging/random access/unicast. Then the collision avoidance mechanisms are considered with scheduling enhancement and possible feedback if necessary.
2. Discussion
Due to the restriction on UE capability, NB-IoT UEs are not expected to receive SC-PTM and other DL traffics (and to transmit possible UL traffic) simultaneously. To determine the priority of SC-PTM should be the first step of collision handling.
Since NB-IoT UEs will use different DL and possible UL traffic resources such as different paging opportunities or unicast TTIs, if SC-PTM is not prioritized to other traffics, sometimes the SC-PTM session can hardly avoid all other traffics and result in SC-PTM scheduling becoming complicated. On the contrary, if other traffics are scheduled or delayed to avoid resources occupied by SC-PTM sessions, the system complexity will be lower. Therefore, we suggest setting higher priority of SC-PTM than paging, random access and unicast. 
The only exception we considered is that when configuration change of SC-PTM, e.g. SC-MCCH or SIB20 information change and possible change notification, is indicated in paging messages. Under this condition NB-IoT UEs should prioritize reception of paging for potential SC-PTM configuration update.
Proposal 1: Higher priority of SC-PTM than paging and random access for RRC_IDLE UEs and than unicast for RRC_Connected UEs (if supported) is recommended. An exception is when configuration change indicated in paging messages, which means paging should be prioritized.
With above assumption, collision handling in the scheduling process could be discussed. A basic solution is that paging, random access or unicast messages should not be transmitted on SC-PTM resources. eNodeB knows current SC-PTM configuration and should avoid to assign other traffic sessions on the SC-PTM subframes. On the other hand, when SC-PTM sessions are configured by eNodeB, the system paging subframes are possible to be skipped.
On NB-IoT UE side, the configured SC-PTM subframes could be regarded as occupied, possibly reusing the concept of invalid subframe. Then NB-IoT UEs transmit/receive paging, random access or unicast sessions on valid subframes, and the invalid subframes including both current definition and configured SC-PTM subframes are protected.
Proposal 2: Consider configuring SC-PTM transmission subframes as invalid subframes for NB-IoT paging, random access and unicast.
When the collision issue cannot be completely solved by eNodeB scheduling, the resulting performance degradation of both SC-PTM and the collided UL/DL sessions could also be compensated through feedback and retransmission. Therefore, feedback mechanism of SC-PTM sessions in NB-IoT should be taken into consideration.
Even if collision issue is not discussed, based on typical SC-PTM scenarios for NB-IoT UEs, e.g. multicast session of software update, generally the overall number of session packets is large and the packets can hardly be all successfully received by a NB-IoT UE. If blind retransmission is introduced, no matter the retransmission is in multicast or unicast way, the substantial unnecessary retransmissions of successfully received packets become considerable DL resource waste. Therefore retransmission based on feedback would be a better choice.
The feedback mechanism for SC-PTM could be HARQ or high layer feedback. NB-IoT UEs could transmit feedback messages by unicast way to eNodeB through scheduled feedback resource or contention-based access. eNodeB retransmission by unicast could be a baseline and when a packet needs to be retransmitted to multiple NB-IoT UEs, multicast retransmission could also be introduced.
Proposal 3: HARQ or high layer feedback should be considered in SC-PTM for NB-IoT UEs.
3. Conclusion
Proposal 1: Higher priority of SC-PTM than paging and random access for RRC_IDLE UEs and than unicast for RRC_Connected UEs (if supported) is recommended. An exception is when configuration change indicated in paging messages, which means paging should be prioritized.
Proposal 2: Consider configuring SC-PTM transmission subframes as invalid subframes for NB-IoT paging, random access and unicast.
Proposal 3: HARQ or high layer feedback should be considered in SC-PTM for NB-IoT UEs.
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