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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For NB-IoT in Rel-14, SC-PTM is to be extended to support multicast services for e.g. software updates [1]. In RAN1#86bis, it has been agreed that one SC-MTCH is transmitted on one carrier.
Agreements:
· Different SC-MTCHs can be transmitted over different NB-IoT carriers, while one SC-MTCH is sent on one NB-IoT carrier

In RAN2#95, it has been also agreed that SC-MTCH is dynamically scheduled in NB-IoT, and RAN2 expected RAN1 would specify coverage enhancement methods, e.g. repetitions, power boosting etc.
Agreements:
· RAN2 assumes that the legacy SC-MTCH mechanism in which the SC-MTCH is scheduled by PDCCH is reused for multi-cast in NB-IoT and MTC to achieve flexible scheduling. 
· R2 expect that RAN1 specifies physical layer coverage enhancement methods e.g. repetitions, power boosting etc
· The number of L1-combinable repetitions for multicast service is decided together with MCS selection in the eNB.

This contribution analyses methods which provide coverage enhancement for SC-PTM. Based on the link level performance evaluation and power consumption analysis, multi-stage repetition is proposed to be supported in NB-IoT SC-PTM, which would need joint work from RAN1 and RAN2.
Analysis on repetition method for SC-MTCH
Usually, a typical way to support coverage extension is repetitions of TB and HARQ based retransmission. The repetition of TBs can provide coherent combination and non-coherent combination gain. HARQ retransmission can bring time diversity gain and HARQ combination gains.
The repetition on TB level can easily be adopted for NPDSCH of SC-MTCH transmission. However, HARQ retransmission for SC-PTM in Rel-14 NB-IoT due to the fact that HARQ feedback is difficult in a multicast service. Hence, NB-IoT SC-PTM may need a large number of repetitions to reach the worst-coverage UEs, which may be larger than that for unicast.
Observation 1: To reach the worst-coverage UEs, NB-IoT SC-PTM needs a large number of repetitions, which may be larger than that to reach the same coverage for unicast traffic.
It is known that simply increasing the number of continuous repetitions is not a good way to further increase the coverage. Even without the physical layer feedback, there can still be significant gains from time diversity if the repetitions are sent discontinuously as several bundles of repetitions, i.e. sent by multi-stage repetition. This can be contrasted with single-stage repetition, which transmits all the repetitions of TBs in a continuous way. A general example of multi-stage transmission and single-stage transmission is illustrated in Figure 1.
 [image: ]
Figure 1: Illustration of single-stage repetition and multi-stage repetition method
A link level evaluation is provided in Figure 2 to show the performance gain of multi-stage repetition method, and the detailed simulation assumptions can be found in Table 2 in Annex. ulti-level, which actually means "e actually the "m Repetition. we  shown in FIgure1h retransmit the same TBHARQ combination ga Table 1 summarizes the SNR point with target BLER of 1% for performance comparison between single-stage and multi-stage repetition. 

Figure 2 Performance of single-stage repetition and multi-stage repetition




Table 1: comparison of SNR at 1% BLER between single-stage and multi-stage repetition
	Total repetition factor
	32
	64
	128
	256 

	Multi-stage repetition 1% BLER SNR (dB)
	-6.4
	-9.7
	-12.0
	-14.4

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

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



Taking the 1% BLER level as working point, the gain of multi-stage repetition is about 1.4 dB for the case of total repetition of 256, and up to 3.9 dB for the case of total repetition of 64. The significant gain of multi-stage repetition is due to the large time diversity from wider distribution of repetition in time domain per TB. It can be observed that the NPDSCH for NB-IoT SC-MTCH with multi-stage repetition performs significantly better than single-stage repetition.
Observation 2: SC-MTCH transmission with multi-stage repetition has significant performance gain compared to single-stage repetition, due to the large time diversity obtained from multi-stage transmission of the repetitions.
Furthermore, as illustrated in Figure 1, when the total number of repetitions are transmitted in multi-stage way, the repetition number of TBs in one stage, i.e. the number Z shown in Figure 1, is reduced. For UEs in good coverage, all the essential information, i.e. all TBs to construct one higher layer packet would be obtained within a shorter latency, e.g. in the first several stages.
Similarly like that in cyclic repetition in Rel-13 NB-IoT, the acquisition latency of the whole higher layer packet would be reduced a lot. The early termination of the reception of one higher layer packet is possible on some UEs in relatively good coverage. It is observed that multi-stage repetition method provides benefit on UEs in relatively good coverage due to the feasibility of early termination on these UEs.
Observation 3: Multi-stage repetition method benefits power consumption for UEs in relatively good coverage due to the likelihood of early termination.
Based on the above observations, it is proposed to support multi-stage repetitions for NPDSCH of SC-MTCH: the overall repetitions of a TB are sent discontinuously as several separate stages of repetitions.
Proposal 1: Support multi-stage repetition for NPDSCH of SC-MTCH in NB-IoT: the overall repetitions of a TB are sent discontinuously as several separate stages of repetitions.
Design for multi-stage repetition in SC-PTM
Based on Section 2, it is observed that significant performance gain and power consumption gain are obtained in NB-IoT SC-MTCH transmission if multi-stage repetition is adopted. This section provides a detailed consideration on how to support the multi-stage repetition method for NB-IoT SC-PTM.
As shown in Figure 1, when multi-stage repetition method is used, the receiver should know which set of different transmissions in different stages corresponds to an identical TB. This enables the receiver to combine different transmissions of the same TB in different stages. Otherwise, the different transmission in different stages are isolated and the time diversity gain, and chance for early termination cannot be obtained. The combination in the receiver can be either selective combination in L2 or HARQ combination in L1. Physical layer HARQ buffer size is limited in NB-IoT to keep ultra-low cost/complexity. Hence, the L1 HARQ combination is not feasible in most cases in multi-stage repetition for NB-IoT. Hence, L2 selective combination is a suitable baseline solution for NB-IoT.
As shown in Figure 3, a simple way to support the multi-stage repetition is introducing RLC layer repetition of multicast packet. Once the multi-stage repetition is enabled, L2 will repeat the same group of RLC layer PDUs a number M times. In SC-PTM, one RLC PDU maps one-to-one to a TB in physical layer, so a RLC layer PDU repetition corresponds to a physical layer retransmission of the same TB. 
By using the L2 repetition (RLC layer repetition) and L1 repetition together, we can easily support the multi-stage repetition shown in Figure 1. By doing this, the higher layer (RLC layer) can perform selective combination. The proper range of M values and Z values for different MCLs should be determined by RAN1. Also RAN1 can consider proper indication in DCI to facilitate a UE to check whether a scheduled TB in a later stage repetition has been successfully received in an earlier stage repetition. By doing this, some scheduled TBs would be skipped by UEs even for a UE deployed in extreme coverage.
[bookmark: _GoBack][image: ]
Figure 3: L1+L2 repetition to achieve multistage repetition.
If the multi-stage repetition is implemented by pure L1 specification support, even for the NB-IoT devices who have the capability to support 2 HARQ processes in Rel-14, only up to 2 TBs are allowed to be transmitted in each stage. This will significantly reduce the time diversity gain of multi-stage repetition. Early termination would be not possible in most cases, because usually two TBs cannot construct a higher layer packet and the UE needs to further detect other TBs for constructing the same higher layer packet.
Observation 4: Time diversity gain and early termination gain would be significantly impacted by pure L1 specification support of multi-stage repetition.
Observation 5: Multi-stage repetition needs joint work in RAN1 and RAN2.
Hence, we propose to support the multi-stage repetition as a joint work from both RAN1 and RAN2 perspective, i.e. RAN2 introduce the essential mechanism to support the L2 combinable repetitions, and RAN1 works on determine the parameters of Z (the number of repetitions in each stage) and M (the number of stages) and any DCI design to facilitate power consumption reduction.
Proposal 2: Support multi-stage repetition as joint work in RAN1 and RAN2.
Proposal 3: Inform RAN2 of the performance benefits RAN1 has observed from multi-stage repetition for SC-PTM.
[bookmark: _Ref129681832]Conclusion
In this contribution, the repetition method for SC-MTCH transmission is discussed. Multi-stage repetition, where an RLC PDU is repeated at higher layers, and the TBs of one RLC PDU repetition can then be repeated with smaller numbers of physical layer repetitions, is shown to have benefits from time-diversity and early termination. We therefore make the following observations and proposals:
Observation 1: To reach the worst-coverage UEs, NB-IoT SC-PTM needs a large number of repetitions, which may be larger than that to reach the same coverage for unicast traffic.
Observation 2: SC-MTCH transmission with multi-stage repetition has significant performance gain compared to single-stage repetition, due to the large time diversity obtained from multi-stage transmission of the repetitions
Observation 3: Multi-stage repetition method benefits power consumption for UEs in relatively good coverage due to the likelihood of early termination.
Observation 4: Time diversity gain and early termination gain would be significantly impacted by pure L1 specification support of multi-stage repetition.
Observation 5: Multi-stage repetition needs joint work in RAN1 and RAN2.

Proposal 1: Support multi-stage repetition for NPDSCH of SC-MTCH in NB-IoT: the overall repetitions of a TB are sent discontinuously as several separate stages of repetitions.
Proposal 2: Support multi-stage repetition as joint work in RAN1 and RAN2.
Proposal 3: Inform RAN2 of the performance benefits RAN1 has observed from multi-stage repetition for SC-PTM.
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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 -> 32(TB)×4(Packet)
256Rep -> 64(TB)×4(Packet)

	Channel
	TU 1

	Operation Mode
	In-band



single-stage,TBx32	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	0.43200000000000038	0.32300000000000045	0.24100000000000019	0.18250000000000019	0.12250000000000009	8.4500000000000158E-2	5.3300000000000063E-2	3.4700000000000002E-2	2.5000000000000022E-2	1.5599999999999998E-2	8.9000000000000207E-3	multi-stage,(TBx16)x2	-13	-12	-11	-10	-9	-8	-7	-6	0.43626025000000002	0.30470400000000031	0.17556099999999999	0.12285024999999999	5.9292250000000102E-2	3.441025000000001E-2	1.4641000000000012E-2	8.1902500000000031E-3	single-stage,TBx64	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	0.40550000000000008	0.30250000000000032	0.21350000000000019	0.15100000000000019	0.11550000000000007	8.1000000000000044E-2	4.5400000000000024E-2	3.2500000000000036E-2	1.7100000000000025E-2	1.0900000000000023E-2	6.900000000000012E-3	multi-stage,(TBx16)x4	-15	-14	-13	-12	-11	-10	-9	0.38626225000000008	0.28944400000000031	0.19032300573006256	9.2844527616000025E-2	3.0821664721000022E-2	1.5092183925062508E-2	3.5155709100625036E-3	single-stage,TBx128	-16	-15	-14	-13	-12	-11	-10	-9	0.30500000000000038	0.19450000000000009	0.13550000000000001	8.7000000000000022E-2	4.7700000000000055E-2	2.8299999999999999E-2	1.6500000000000029E-2	7.500000000000011E-3	multi-stage,(TBx32)x4	-16	-15	-14	-13	-12	-11	0.27300625000000001	0.14919852577506271	8.3777829136000265E-2	3.4828517376000012E-2	1.0884540241000032E-2	3.3734025610000031E-3	single-stage,TBx256	-19	-18	-17	-16	-15	-14	-13	-12	0.38750000000000046	0.25650000000000001	0.15950000000000022	9.0000000000000066E-2	5.2300000000000055E-2	2.300000000000001E-2	1.080000000000002E-2	5.3000000000000061E-3	multi-stage,(TBx64)x4	-19	-18	-17	-16	-15	-14	0.42902500000000032	0.26368225000000001	0.14745600000000023	7.4532412539062551E-2	2.2260200093452011E-2	7.0187246547408202E-3	SNR

BLER
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