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1 Introduction
In RAN#72, a new work item on “Enhancements of NB-IoT” was agreed [1].

One major objective of this WID is extending Rel-13 SC-PTM to support multi-cast downlink transmission for NB-IoT. Firmware or software updates and group message delivery are considered as the main use case in the design of multi-cast for NB-IoT.

During the last RAN2#95bis meeting, there were the following agreements for SC-MTCH transmission [2]:

· In Rel-14 we will not have a solution with feedback.
· The number of L1-combinable repetitions for multicast service is decided together with MCS selection in the eNB.
In this contribution, the SC-MTCH transmission mechanism in NB-IoT is further discussed.

2 Discussion
In the email discussion of [95#43] [LTE/feMTC/NB-IOTenh] SC-PTM feedback mechanism, almost all companies agree that the reliability of SC-MTCH transmission is a critical issue which needs to be addressed in RAN because of the smaller TBS compared to legacy LTE [3]. During the last RAN2#95bis meeting, consider the signalling cost and the impact on specifications, it was agreed that solution with feedback in RAN2 is not considered. Thus, further increasing the repetitions compared to unicast in Rel-13 NB-IoT for multi-cast transmission are needed in RAN to achieve higher reliability (i.e. exchanging higher reliability with more radio resources). Generally, from RAN’s point of view, as shown in Figure 1, there are two levels for further increasing the repetition number of multi-cast transmission:
· Directly increasing the TB-level repetition number in physical layer (i.e. X repetitions for each TB in Figure 1).

· Group-level repetition in higher layer. As shown in Figure 1, a group of RLC PDUs (RLC PDU and corresponding TB are one to one mapping relationship without multiplexing in MAC layer) is transmitted for M times, while in each group transmission, the repetition number of each RLC PDU (TB) is Z. 
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Figure 1: Illustration of TB-level and group-level repetition methods
As shown in Figure 1, in group level repetition method, each group of RLC PDUs is transmitted for M times. For UEs in good coverage, all the essential information, i.e. all RLC PDUs in one group would be obtained with a shorter latency, e.g. in the first Z repetitions. Similarly like that in cyclic repetition in Rel-13 NB-IoT, the acquisition latency of one group would be reduced a lot. The early termination of the reception of one group of RLC PDUs is possible on some UEs in relatively good coverage, which is good for power saving. 
Observation 1:  Compared to the TB-level repetition method, the group-level repetition method has benefit on power saving, especially for UEs in relatively good coverage.

Besides, in [4], a link level evaluation is provided and the performance gain of group-level repetition method is shown by Figure 2 in which single-stage and multi-stage stand for TB-level repetition and group-level repetition respectively. 
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Figure 2 Performance of TB-level repetition and group-level repetition
Table 1: comparison of SNR at 1% BLER between TB-level repetition and group-level repetition
	Total repetition factor
	32
	64
	128
	256 

	Group-level repetition 1% BLER SNR (dB)
	-6.4
	-9.7
	-12.0
	-14.4

	TB-level repetition 1% BLER SNR (dB)
	-3.2
	-5.8
	-9.5
	-13.0 

	Processing gain (dB)
	+3.2
	+3.9
	+2.5
	+1.4


Table 1 summarizes the SNR point with target BLER of 1% for performance comparison between TB-level and group-level repetition. Taking the 1% BLER level as working point, the gain of group-level repetition is about 1.4 dB for the larger total numbers of TB repetitions, and up to 3.9 dB for the smaller total numbers of TB repetitions. The significant performance gain of group-level repetition is due to the large time diversity from wider distribution of repetition in time domain per TB.
Observation 2:  Compared to the TB-level repetition method, the group-level repetition method provides significant performance gain due to the fact that large time diversity is obtained from multi-stage transmission of repetitions.
Based on the previous observations, it is proposed to introduce group-level repetition to further increase the repetition number of SC-MTCH transmission. 
Proposal 1:  Group-level (i.e. several RLC PDUs) repetition is introduced to further increase the repetition number of SC-MTCH transmission. 
The group can be defined in several ways. The size of group will impact the RLC buffer size. Considering that the NB-IoT UEs are low cost devices, the size of group shouldn’t ask for too much requirement on RLC buffer size, especially the buffer size of UEs. Thus, the size of the group can be configured by the eNB flexibly. For example, the group size of 16 stands for that each group of 16 consecutive RLC DPUs will be transmitted for several times. Besides, the repetition of number each group also needs to be configured by eNB.
Proposal 2:  The size of repetition group and the repetition number can be configured by the eNB. 
3 Conclusion

This paper focus on the transmission of SC-MTCH in NB-IoT. The corresponding obersvations and proposals are listed below.
Observation 1:  Compared to the TB-level repetition method, the group-level repetition method has benefit on power saving, especially for UEs in relatively good coverage.

Observation 2:  Compared to the TB-level repetition method, the group-level repetition method provides significant performance gain due to the fact that large time diversity is obtained from multi-stage transmission of repetitions.
Proposal 3:  Group (i.e. several RLC PDUs) level repetition is introduced to further increase the repetition number of multi-cast transmission. 

Proposal 4:  The size of repetition group and the repetition number can be configured by the eNB. 
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