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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 RAN1#87, the following working assumptions were agreed [3]:

Agreements:
· UE monitoring of blind decoding candidates of Type1-MSS (SC-MCCH) is the same as the UE monitoring behaviour of Type1-CSS
· UE monitoring of blind decoding candidates of Type2-MSS (SC-MTCH) is the same as the UE monitoring behaviour of Type2-CSS
· At least the following fields are introduced in DCI formats for scheduling NPDSCH carrying SC-MCCH/SC-MTCH:
· Resource assignment: 3 bits, indicate ISF  value and reuse the mapping from ISF to NSF.
· Modulation and coding scheme: 4 bits, indicate IMCS  value and use the Rel-14 mapping from IMCS to modulation scheme and TBS.
· Repetition number: 4 bits, Indicate Irep value and reuse the mapping from Irep to number of repetitions.
· DCI subframe repetition number: 3 bits for Type-1 MSS and 2 bits for Type2-MSS
· Scheduling delay field is not introduced in DCI format for scheduling SC-MCCH
· Introduce scheduling delay field in DCI format for scheduling SC-MTCH
· 3 bits field {0, 4, 8, 12, 16, 32, 64, 128} not conditional on Rmax
· The size of the DCI formats is no more than 23 bits
· There can be reserved bits.

· In case of collision between NPDSCH carrying SC-MTCH/SC-MCCH and NPSS/NSSS, NPBCH, and SIBs, the NPDSCH carrying SC-MTCH/SC-MCCH is postponed.
· In case of collision between Type1-MSS or Type2-MSS and NPSS/NSSS, NPBCH, and SIBs, the NPDCCH is postponed.
· There is at least 4 ms from the end of one Type1-MSS or Type2-MSS to the start of the next Type1-MSS or Type2-MSS
· This also applies to partial search spaces
· UE is not required to monitor Type1-MSS while receiving NPDSCH carrying SC-MCCH;
· When a UE is monitoring Type1-MSS or receiving NPDSCH carrying SC-MCCH, it is not required to simultaneously monitor Type2-MSS nor receive NPDSCH carrying SC-MTCH.

Working assumptions
· NB-IoT UE is not required to monitor Type1-MSS or receive NPDSCHs carrying SC-MCCH when the UE is monitoring its Type1-CSS on paging occasions or receiving NPDSCHs carrying paging.
· NB-IoT UE is not required to monitor Type2-MSS or receive NPDSCHs carrying SC-MTCH when the UE is monitoring its Type1-CSS on paging occasions or receiving NPDSCHs carrying paging message.
· NB-IoT UE is not required to monitor Type1-MSS or Type2-MSS nor receive NPDSCH carrying SC-MCCH/SC-MTCH when UE is receiving/sending messages during a random access procedure.

In this document we provide our views on the support of multicast for Rel-14 NB-IOT UEs.

2. Reduced Control SC-PTM
The use cases for multicast in LTE include 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 very dynamically. For NB-IoT, the typical use case for multicast is expected to be the delivery of a software update, so the network can calculate beforehand the amount of resources, TBS, repetitions, etc. needed for its delivery. It is hence very likely that most of the content for the DCI for consecutive NB-IoT SC-MTCH PDSCH are almost identical. 
In legacy LTE, a PDCCH is sent for every SC-MTCH PDSCH which offers the high flexibility required for the LTE use cases. However, unlike in LTE, it comes with high overhead for NB-IoT due to the following reasons:
· Narrowband operation: NB-IoT UE is not able to simultaneously monitor NPDCCH and receive PDSCH, so continuous reception of PDSCH is not feasible. Each NPDCCH transmission hence directly reduces the number of resources available for PDSCH. In LTE, since PDCCH is sent in the control region (first few OFDM symbols), this isn’t always the case.
· NPDCCH to PDSCH Guard Subframes: In LTE a PDCCH in subframe N schedules a PDSCH in subframe N. In NB-IoT, however, an NPDCCH in subframe N schedules a PDSCH in subframe N+4 or beyond. Hence there is a guard subframe overhead. 
For coverage enhancement, both NPDCCH and PDSCH are sent with repetitions. Since NPDCCH payload is typically much smaller than PDSCH, one would expect the NPDCCH overhead as a percentage of total required resource (NPDCCH+ PDSCH) to be low. However, the NPDCCH BLER target is usually much lower than that for PDSCH. In companion contribution [4], we show that single PDCCH scheduling multiple PDSCH provides gains for eMTC. Similar design could be considered for NB-IoT as well. 
Proposal: For SC-MTCH, introduce two bits in the DCI to indicate the number of PDSCH associated with the DCI from the set {1,2,3,4}. The PDSCH are assumed to be scheduled back to back with a fixed pre-determined gap if necessary.


3. Summary
In this contribution we proposed supporting use of single NPDCCH to schedule multiple PDSCH for multicast.
Proposal: For SC-MTCH, introduce two bits in the DCI to indicate the number of PDSCH associated with the DCI from the set {1,2,3,4}. The PDSCH are assumed to be scheduled back to back with a fixed pre-determined gap if necessary.
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