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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
One of the objectives for the work item [1] is the narrowband support for multicast. 
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
Enhancements based on the Rel-13 SC-PTM are needed to meet the requirements in NB-IoT, such as extended coverage, large capacity and ultra-low cost etc. In this contribution, the consideration on the physical layer processing for multi-segments transmission in NB-IoT SC-PTM is provided.
Scheduling of SC-MTCH in NB-IoT
Due to the 680 bits limit of the maximum size of physical layer transport block (TB) in NB-IoT and the fact that the size of one software update packet for NB-IoT may be at the level of hundreds of kB or even on the order of a few MB, one multicast packet may be divided into a large number of TBs for transmission on NPDSCH. We can consider two methods to deal with scheduling for these TBs belonging to one multicast packet.
Method 1 is to dynamically schedule each TB (using repetitions scheduled in DCI) with an independent DCI.
Method 2 is to schedule all the TB(s) belonging to one multicast packet in the scheduling information carried on the corresponding SC-MCCH and/or a single DCI used for all the TB(s).
The dynamic scheduling method 1 can provide better flexibility for transmission of multicast packet in NB-IoT than semi-static scheduling method 2, with flexible configurations of MCS, TBS and scheduling resource for various TB(s) belonging to one multicast packet, which is beneficial for network efficiency of NB-IoT. Furthermore, if using semi-static scheduling of SC-MTCH, eNB needs inform the UEs, who are not interested in any multicast transmission, where the SC-MTCH resource is located to achieve the collision handling between SC-MTCH and unicast transmission. And this may increase the power consumption of all UEs since they need receive the system information frequently, because theoretically the contents in SC-MCCH can be changed every modification period if the scheduling of SC-MTCH is included. Therefore, dynamic scheduling is preferred for SC-MTCH in NB-IoT.
Proposal 1: Use dynamic scheduling for each transport block of an SC-MTCH transmission in SC-PTM of NB-IoT.
Repetition mechanism for SC-MTCH
Multicast packets in NB-IoT need to be transmitted so as to satisfy the strictest coverage requirement among all the UEs being multicast to. Multicast packets in NB-IoT should be repeated a large number of times with high probability to get enough transmission reliability. In this section, we discuss some ways to structure the repetition transmissions.
Single-stage repetition
One possible repetition structure for NB-IoT SC-MTCH is to repeat only at TB level, shown in Figure 1. The repetition factor can be indicated in the DCI for SC-MTCH, as with the scheduling of unicast NPDSCH in Rel-13.



Figure 1: One example of single-stage repetition structure

Multi-stage repetition
As Figure 2 shows, an enhanced repetition method for NB-IoT SC-MTCH is to have repetition at both TB level and packet level, where one packet contains all the information of one multicast packet. The TB level repetition factor can be indicated in the DCI for SC-MTCH, and the packet level repetition factor can be indicated in the SC-MCCH.
[bookmark: OLE_LINK4]After the packet repetition #1, one particular UE may successfully receive only some of the TB(s) belonging to one multicast packet. Then the UE should continue to the next packet repetition to try again to receive those unsuccessful TB(s). To achieve this goal, the TB partitioning in different packet repetitions should keep the same pattern, i.e. the content in each TB should be kept the same. Otherwise, the contents obtained from different TBs through different packet repetitions cannot be combined together to obtain the whole multicast packet.



Figure 2: Example of multi-stage repetition structure
Benefits of multi-stage repetition
· Better demodulation performance
The flexible configuration of the TB level repetition and packet level repetition can achieve a better tradeoff between the combination gain and the time diversity gain than for the single-stage repetition. As shown in Figure 3, better demodulation performance for SC-MTCH NPDSCH can be achieved by using multi-stage repetition than using single-stage repetition. Taking the 1% BLER level (since there is no HARQ feedback), the gain of multi-stage repetition compared with single-stage repetition is about 0.4 dB for the larger numbers of TB repetitions, and up to 3.2 dB for the smaller numbers of TB repetitions. The detail comparison of the demodulation threshold SNR at 1% BLER for multi-stage and single-stage repetition can be found in Table 1. The larger gain with smaller number of TB repetitions is due to the wider distribution in time per TB giving greater time diversity. The simulation assumptions are as shown in Table 2 in annex.




Figure 3 Comparison of demodulation performance for SC-MTCH NPDSCH

Table 1: comparison of SNR at 1% BLER under different repetition level
	Total repetition factor
	32
	64
	128
	256 

	Multi-stage repetition 1% BLER SNR (dB)
	-6.4
	-8.5
	-10.6
	-13.4 

	Single-stage repetition 1% BLER SNR (dB)
	-3.2
	-5.8
	-9.5
	-13.0 

	Processing gain (dB)
	+3.2
	+2.7
	+1.1
	+0.4



· Shorter latency
The latency here refers to the latency of one particular UE to successfully receive the whole multicast packet, not for the transmission latency of the whole multicast session for eNB.
With multi-stage repetition, it is possible that UEs could finish receiving the whole multicast packet during a period much shorter than the whole transmission latency of a multicast session, such as one or several packet repetitions. But if using single-stage repetition with only TB level, all UEs can only finish receiving the whole multicast packet at the end of the whole transmission of the multicast session. This benefit will be especially obvious for the UEs under good coverage conditions. The benefits in this respect of multi-stage repetition are similar to the structure of cyclic repetition that was used for NPUSCH in Rel-13 (and in Rel-13 eMTC). 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 2: Multi-stage repetition is supported by SC-MTCH in NB-IoT, including TB-level repetition and packet-level repetition. The TB-level repetition factor and packet-level repetition factor can be configured by eNB.
Conclusion
In this contribution, open issues regarding the transmission of NB-IoT SC-MTCH are discussed. And two proposals have been made as following.
Proposal 1: Use dynamic scheduling for each transport block of an SC-MTCH transmission in SC-PTM of NB-IoT.
Proposal 2: Multi-stage repetition is supported by SC-MTCH in NB-IoT, including TB-level repetition and packet-level repetition. The TB-level repetition factor and packet-level repetition factor can be configured by eNB.
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Annex
Table 2: simulation assumptions
	Simulation assumptions

	TBS
	56 bits

	MCS
	MCS 1

	Resource Mapping
	2 RUs

	Antenna
	2T1R

	Repetition allocation for single-stage repetition
	TB-level repetition only

	Repetition allocation for multi-stage repetition
	32Rep -> 16(TB)×2(Packet)
64Rep ->32(TB)×2(Packet)
128Rep -> 64(TB)×2(Packet)
256Rep -> 128(TB)×2(Packet)

	Channel
	TU 1

	Operation Mode
	In-band
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