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1. Introduction 
In RAN1#86, the following is agreed:
· 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 discusses some further aspects of multicast for eNB-IoT.
2. Discussion
In LTE, SC-PTM transmissions consist of SC-MCCH and SC-MTCH.  The configuration for SC-MCCH such as periodicity and modification period are signalled in SIB20 and the UE decodes PDCCH using SC-RNTI for the PDSCH carrying the SC-MCCH message.  The SC-MCCH message contains configuration for each SC-MTCH transmission corresponding to each service.  The UE decodes PDCCH using the G-RNTI corresponding to the subscribed service for the PDSCH carrying the SC-MTCH message.

It was proposed that the scheduling of SC-PTM is performed without NPDCCH since the resources required for SC-PTM services such as software update are not likely to change very often and the resources can be predetermined in advance [1].  Since the targeted application for eNB-IoT such as smart utility meters are fairly static, the flexibility in supporting different type of services such as for wearables are not required.  Therefore, SC-MCCH can be scheduled without NPDCCH.
Proposal 1: SC-MCCH can be scheduled without NPDCCH.

SC-PTM provides different services for different groups of UEs or devices.  It is therefore proposed in [2] that SC-PTM can be scheduled in both anchor carrier and non-anchor carrier.  This would avoid SC-PTM services interrupting the reception of unicast.  We also expect that UEs in different coverage levels have different types of multicast services.  Hence it is useful that the SC-MCCH for different coverage levels are able to use different NB-IoT carriers.  The allocation of NB-IoT carrier to SC-PTM services is of course up to eNB scheduler.

Proposal 2: SC-MCCH and SC-MTCH for different services and different coverage levels can occupy different NB-IoT carriers.

Typically, a broadcast transmission needs to ensure the transmission is robust enough to reach the cell edge.  For services that target both normal coverage UEs and enhanced coverage UEs, sufficient repetitions to reach UEs in the enhanced coverage region would be required.  For transmissions targeted at the enhanced coverage region with long repetitions, UEs in good coverage would face long delays in acquiring the message if the repetition is performed at the TB level that targets the maximum coverage as shown Figure 1.  Here, the SC-PTM message requires five TB and the UE in the worst coverage requires 5× repetitions.  The worst coverage UE would receive the message at time (6 whilst A UE in good coverage that does not require repetitions would have to wait till time (5 before it has the complete message.  In [1] it is proposed that the repetition is performed at the message level as shown in Figure 2, which is similar to the cyclic repetition already used in NB-IoT.  Here a UE that is in good coverage without repetition would be able to receive the complete message at an earlier time, i.e. at time (1 whilst the worst coverage UE’s reception time would not be affected, i.e. it still receives it at time (6 as for the TB level repetition method.
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Figure 1: TB level repetition
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Figure 2: Message level repetition
Proposal 3: Use message level repetition for repetitions of SC-PTM messages (SC-MCCH and SC-MTCH). 

Changes to SC-MCCH configuration and information are notified during a SC-MCCH period using a SC-N-RNTI on the PDCCH.  This would require the UE to detect the PDCCH using SC-RNTI and SC-N-RNTI.  It is proposed that the UE detect only a single RNTI, namely SC-RNTI and the DCI can indicate whether there is a change in the SC-MCCH configuration in addition to scheduling for the PDSCH that carries the SC-MCCH message [3].  It is also agreed in RAN2 that SC-PTM operates in idle mode.  The UE paging occasion is unlikely to sync with the SC-MCCH period and for a UE that receives SC-PTM, it would have to wake up during SC-MCCH period in addition to paging occasions to detect for possible changes in SC-MCCH.  It should be appreciated that the UE need only read the SC-MCCH once in order to receive the multicast service of interest.  Hence, requiring the UE to wake up frequently to read the NPDCCH during SC-MCCH period is not efficient from the UE battery usage perspective.

Observation 1: It is not power efficient for UE to wake up in idle mode to read the NPDCCH during SC-MCCH period to determine whether there is a change in SC-MCCH configuration.

In [2], it is proposed to use a different method to notify UE of changes to SC-MCCH configuration such as a direct indication method.  One such method is the SI change notification, which can be used to indicate a change in SIB20.  However, the SI change notification would also wake up Rel-13 NB-IoT UEs and Rel-14 eNB-IoT UEs that are not interested in multicast services, causing them to re-read the SIB which would waste their battery power.  Another alternative is to indicate the change to SC-MCCH configuration during the UE paging occasion as in SI change notification but using a different RNTI, e.g. SC-N-RNTI (instead of P-RNTI).  Hence, UE that can support SC-PTM and are interested in multicast services would re-read SIB20 and other UEs are not impacted.  This also avoids UE having to wake up multiple times, i.e., once during paging occasion and another during SC-MCCH period.  Blind decoding using an additional RNTI does not lead to higher UE complexity since this is performed at the CRC level.
Proposal 4: Changes to SC-MCCH configuration are notified at the UEs paging occasion.

The eNB may not be aware of whether a UE is receiving SC-PTM services and hence it may page the UE whilst a long repetition of multicast transmission is being received.  If the UE abandons this multicast reception to respond to paging, establishing an RRC connection for a unicast session which may be on another NB-IoT carrier, it would have to duplicate the reception of at least a part of the interrupted multicast transmission again later which would waste its battery power particularly if the UE requires long repetitions. If the unicast message is not urgent/delay tolerant then it may be better to complete the multicast session first.  On the other hand the paging message may be triggered due to an urgent event and it would require the UE to abandon the multicast reception to receive the unicast message on another carrier. Hence, it will be useful if the UE can inform the eNB already as part of RRC Connection Establishment that it is receiving or interested to receive a long multicast transmission on the current or another carrier, similar to MBMS Interest Indication, and the eNB can decide whether to proceed (if the unicast message is urgent) or postpone the RRC connection.

Proposal 5: Consider notifying the eNB that the UE is receiving a long multicast transmission when the UE is paged by the network.

3. Conclusion

In this contribution we discuss some aspects of SC-PTM operation and we observe the following:
Observation 1: It is not power efficient for UE to wake up in idle mode to read the NPDCCH during SC-MCCH period to determine whether there is a change in SC-MCCH configuration.

We therefore propose that:

Proposal 1: SC-MCCH can be scheduled without NPDCCH.

Proposal 2: SC-MCCH and SC-MTCH for different services and different coverage levels can occupy different NB-IoT carriers.
Proposal 3: Use message level repetition for repetitions of SC-PTM messages (SC-MCCH and SC-MTCH).
Proposal 4: Changes to SC-MCCH configuration are notified at the UEs paging occasion.
Proposal 5: Consider notifying the eNB that the UE is receiving a long multicast transmission when the UE is paged by the network.
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