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1 Introduction
At the RAN #72 meeting, a new work item (WI) on Enhancements of NB-IoT was approved. One of the core objectives of the WI is the support of multicast DL transmissions based on SC-PTM [1]: 
Multicast:

· Extend Rel-13 SC-PTM to support multi-cast downlink transmission (e.g. firmware or software updates, group message delivery) for NB-IoT [RAN2 lead, RAN1, RAN4, RAN3] 

· Introduction of necessary enhancements to support narrowband operation, e.g. support of NPDCCH, and coverage enhancement, e.g. repetitions

At RAN1 #86, the following was agreed [2]:
· 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
Also, RAN2 WG made an agreement that for NB-IoT UEs, SC-PTM is only supported in RRC_IDLE mode. 

In this contribution, we share our views on the expected physical layer enhancements towards extending Rel-13 SC-PTM to support multicast transmissions in the DL for NB-IoT UEs.

2 Primary considerations from physical layer perspective
To support SC-PTM for NB-IoT UEs based on NPDCCH and narrowband design, various enhancements may need to be considered. Here, we focus on the essential aspects necessary to support SC-PTM. 
2.1 CSS for NPDCCH for SC-MCCH
From the summary in Section 2, it can be seen that in Rel-13 SC-PTM, all Layer 1 scheduling is performed via PDCCH in CSS. Due to the broadcast nature of the problem, for transmission of the SC-MCCH information or the SC-MTCH information, it is necessary that UEs monitor CSS for NPDCCH. Accordingly, one or more instances of CSS for NPDCCH may need to be introduced.
Observation 1
· For DL scheduling of SC-MCCH and SC-MTCH information on PDSCH, it is necessary to perform scheduling using NPDCCH in a Common Search Space (CSS).
Following the existing descriptions of the CSSs defined for NPDCCH, we define a Type3-CSS for NPDCCH that NB-IoT UEs need to monitor in order to acquire the scheduling information of the PDSCH carrying the SC-MCCH information and/or notification of change in the SC-MCCH configuration within an SC-MCCH modification period.

The starting subframe for the Type3-CSS can be indicated by the field sc-mcch-FirstSubframe carried by “NB-SIB20”. 
Further, given the broadcast nature of transmissions as well as the need to support UEs in both RRC idle and connected modes and UEs across different coverage levels, the design of Type3-CSS for NPDCCH can follow that of Type1-CSS for NPDCCH. This is due to the fact that the eNodeB would most likely need to target the UE(s) in worst coverage condition similar to paging transmissions. Thus, it could be considered if the DCI design of DCI format N2 with CRC scrambled with SC-RNTI can be reused.
While in Rel-13 SC-PTM, UE is expected to monitor both DCI 1A with CRC scrambled with SC-RNTI as well as DCI 1C with CRC scrambled with SC-N-RNTI, such a behavior may not be necessary, nor desirable (from a complexity viewpoint) for NB-IoT UEs. Design based on a single DCI and possibly a single RNTI in the Type3-CSS that is capable of serving both the functionalities should be considered. 
Proposal 1

· The design of Type3-CSS follows similar design principles as Type1-CSS for NPDCCH.

Proposal 2

· For the monitoring of Type3-CSS for NPDCCH, it is recommended that a UE is not expected to blindly decode two different DCIs. Design based on a single DCI and possibly also a single RNTI (SC-RNTI) should be considered.

Proposal 3
· RAN1 to discuss the need to support DCI with CRC scrambled with SC-N-RNTI.
2.2 CSS for NPDCCH for SC-MTCH

Similar to the case of SC-MCCH scheduling, it is necessary to also support CSS functionality for NPDCCH for the scheduling of SC-MTCH. In this work, we refer to it as Type4-CSS for NPDCCH. The design of the Type4-CSS can again be very similar structure as that of Type3-CSS or in turn, similar to Type1-CSS for NPDCCH, with possible exception of starting subframes or narrowbands. 
Proposal 4
· The design of Type4-CSS for NPDCCH can be similar or even share partial configuration of Type3-CSS for NPDCCH.

2.3 UE behavior in monitoring Type3-CSS or Type4-CSS for NPDCCH
As mentioned in the Introduction section, for NB-IoT UEs, SC-PTM is supported only in RRC_IDLE mode. Hence, a NB-IoT UE supporting SC-PTM and interested in the related MBMS services would need to monitor these additional CSSs during RRC_IDLE mode. However, considering the impact on UE complexity, it should not be required that the UE has to simultaneously monitor Type3-CSS or Type4-CSS along with USS or with Type1-CSS or Type2-CSS. Accordingly, RAN1 already agreed to define priority between SC-PTM and paging and between SC-PTM and random access procedure. 
Next, we summarize the possible cases of time domain conflicts between SC-PTM and other channels/procedures in RRC_IDLE mode:
· Conflicts with Type1-CSS and paging NPDSCH in different narrowband/carrier: In this case, paging DCI monitoring and paging record reception are prioritized over SC-PTM.

· Conflicts with Type2-CSS and NPDSCH/NPUSCH (collisions with NPUSCH is relevant for HD-FDD UEs) related to random access procedure in different narrowband/carrier: In this case, NPDCCH and NPDSCH/NPUSCH related to random access procedure are prioritized over monitoring or reception of SC-PTM information.
Proposal 5
· Time domain conflicts between SC-PTM and Type1-CSS and paging NPDSCH: Paging DCI monitoring and paging record reception are prioritized over SC-PTM.
· Time domain conflicts between SC-PTM and Type2-CSS and NPDSCH/NPUSCH related to random access procedure: NPDCCH and NPDSCH/NPUSCH related to random access procedure are prioritized over SC-PTM.
3 Conclusion
In this contribution, we shared our views on the expected physical layer enhancements towards extending Rel-13 SC-PTM to support multicast transmissions in the DL for NB-IoT UEs. Based on the discussions in the paper we make the following proposals:
Proposal 1

· The design of Type3-CSS follows similar design principles as Type1-CSS for NPDCCH.

Proposal 2

· For the monitoring of Type3-CSS for NPDCCH, it is recommended that a UE is not expected to blindly decode two different DCIs. Design based on a single DCI and possibly also a single RNTI (SC-RNTI) should be considered.

Proposal 3
· RAN1 to discuss the need to support DCI with CRC scrambled with SC-N-RNTI.
Proposal 4

· The design of Type4-CSS for NPDCCH can be similar or even share partial configuration of Type3-CSS for NPDCCH.
Proposal 5
· Time domain conflicts between SC-PTM and Type1-CSS and paging NPDSCH: Paging DCI monitoring and paging record reception are prioritized over SC-PTM.
· Time domain conflicts between SC-PTM and Type2-CSS and NPDSCH/NPUSCH related to random access procedure: NPDCCH and NPDSCH/NPUSCH related to random access procedure are prioritized over SC-PTM.
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