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1. Introduction
In RAN#72 a new work item (WI) named enhancements of NB-IoT  [1] was introduced. The objectives of the WI include the support of positioning, multicast, non-anchor PRB enhancements, mobility and new power classes.

In this document we provide our views on the support of multicast in NB-IoT.

2. SC-PTM reception in idle mode and non-anchor PRB
For NB-IoT [1] broadcast/multicast information is proposed to be delivered via SC-PTM. One of the main objectives of multicast is to deliver software updates to multiple devices, which may be not feasible to perform in an unicast way due to the large number of expected M2M devices in a given cell.
Due to the special characteristics of NB-IoT, it may also not be feasible to force the UEs to move to connected mode when receiving this information:
· Massive number of devices: It is expected that to have a large number of NB-IoT UEs in a given cell. Many of these UEs, however, have a very sparse duty cycle (e.g. one transmission per day), so the number of simultaneously connected UEs is expected to be much lower. Forcing all UEs in a cell to be connected when receiving multicast may be a bottleneck for the network and, therefore, is not recommended.
· Non-anchor PRB operation: Transmitting SC-PTM in the anchor PRB may result in blocking issues for connected mode UEs, as the NPDSCH may occupy a large number of resources. 
A simple solution to these two issues is to enable idle mode reception of SC-PTM in non-anchor PRBs, so that UEs do not need to be connected when receiving the multicast information, and also the connected mode UEs in the anchor PRB are not blocked by the broadcast transmission.
Proposal 1: Enable idle mode reception of SC-PTM
Proposal 2: Enable SC-PTM reception in non-anchor PRBs

Also, similarly to paging monitoring, a UE is not expected to monitor SC-PTM when in connected mode. In such a case, the eNB should release the RRC connection and move the UE to idle mode to enable this reception.
Proposal 3: Similarly to paging monitoring, a UE is not expected to receive SC-PTM while in connected mode. The eNB should release the connection to enable this monitoring.



3. Control vs control-less reception of SC-PTM
In legacy LTE, SC-PTM is achieved by monitoring PDCCH scrambled by G-RNTI, which schedules the corresponding PDSCH. While this procedure offers some flexibility, it has some problems when applied to NB-IoT UEs:
· Cross-subframe scheduling: In LTE a PDCCH in subframe N schedules a PDSCH in subframe N. Thus, the processing of PDCCH does not incur in any additional timing, and offers some flexibility to adjust the resources and/or TBS. In NB-IoT, however, NPDSCH is cross-subframe scheduled, and a guard interval between NPDSCH and NPDCCH is left for the UE to perform NPDCCH decoding. This overhead can be greatly reduced if SC-PTM is semi-statically scheduled (e.g. without SIB). Some separation may be left between consecutive NPDSCH to allow for sequential decoding and keep a low UE complexity.
· Use case: The typical use case of broadcasting/multicast in LTE is multimedia reception. Depending on the used codec, the multimedia content may have variable bitrate, and thus it is beneficial to have the flexibility at the physical layer to change the TBS/scheduling accordingly. For NB-IoT, the typical use case is expected to be the delivery of a software update, so the network can calculate beforehand the MCS, TBS, repetitions, etc. needed for its delivery. 

Figure 1 Comparison of LTE SC-PTM, eMTC with MPDCCH, and control-less operation.
In view of these issues, we propose to introduce control-less SC-PTM for NB-IoT. The necessary parameters (starting subframe, number of repetitions, TBS) can be obtained via SI.
Proposal 4: Introduce control-less transmission for SC-PTM.
4. Summary
Proposal 1: Enable idle mode reception of SC-PTM
Proposal 2: Enable SC-PTM reception in non-anchor PRBs
Proposal 3: Similarly to paging monitoring, a UE is not expected to receive SC-PTM while in connected mode. The eNB should release the connection to enable this monitoring.
Proposal 4: Introduce control-less transmission for SC-PTM.
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