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1 Introduction
In RAN #77 meeting, revised WID RP-172063 was approved [1]. One of the objectives is further latency and power consumption reduction.

Further latency and power consumption reduction

Power consumption reduction for physical channels

· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]

In RAN1 #90 meeting, the following agreements were achieved for SPS for NB-IoT [2].

· If SPS is supported in NB-IoT, at least the following physical layer aspects need to be further studied, considering the objective to reduce UE power consumption:

· DCI format(s), size(s), and purpose(s)

· Reduction of NPDCCH monitoring occasions 

· Retransmission scheme(s) for UL and DL.

· Activation/release mechanism(s)

· Issues between SPS and dynamic scheduling

· What baseline should be used to compare SPS to

In RAN2 #99bis meeting, SPS for SC-PTM was supported [3]. In this contribution, we mainly discuss physical layer aspects needed to be further studied on SPS design for SC-PTM.

2 Consideration on SPS design for SC-PTM
In Rel-14 NB-IoT, single SC-MCCH message is supported per cell, and SC-MCCH is dynamically scheduled by the DCI in Type1A-NPDCCH common search space. To avoid persistent unnecessary resource waste, single SC-MCCH message can be shared by Rel-14 and Rel-15 NB-IoT UEs. If SPS for SC-MCCH is supported for Rel-15 NB-IoT UEs, SPS scheduled SC-MCCH for Rel-15 NB-IoT UEs must be aligned with dynamically scheduled SC-MCCH for Rel-14 NB-IoT UEs, which increases scheduling complexity. Furthermore, in most cases, since only one SC-MCCH TB per SC-MCCH transmission period is scheduled and SC-MCCH transmission period is very long, SPS for SC-MCCH transmission cannot bring significant power saving gain.
Proposal 1: SPS for SC-MCCH transmission is not considered.
Multiple on-going SC-MTCHs can be supported and be configured by a single SC-MCCH message. The following options can be considered for SPS design for SC-MTCH:  

· Option-1: Reusing existing SPS mechanism

Existing DCI format and DCI size for dynamic scheduling can be reused for SPS. Same DCI format can be shared by SPS scheduled UEs and legacy UEs. When SPS for SC-MTCH is enabled, the DCI is used to activate/release SPS transmission. The unused state in “Modulation and coding scheme” field can be used for indicating SPS release. SPS related parameters such as “SPS enable/disable”, “time location/Rmax of search space”, “SPS-C-RNTI” and “SchedInterval” are configured by SC-MCCH message.
· Option-2: Single DCI schedules multiple TBs (SPS-like mechanism)

Existing DCI format and DCI size for dynamic scheduling can be reused for SPS. Same DCI format can be shared by SPS scheduled UEs and legacy UEs. When SPS-like mechanism is enabled, the DCI is used to schedule multiple TB transmissions where multiple TBs share the same “Resource assignment”, “Modulation and coding scheme” and “Repetition number” fields. The “Scheduling delay” filed in the DCI is used to indicate the starting subframe of the first SC-MTCH TB. SPS related parameters such as “SPS enable/disable”, “time location/Rmax of search space”, “SPS-C-RNTI”, “Scheduled Interval” and “Number of TB scheduled” are configured by SC-MCCH message.

· Option-3: NPDCCH-less SPS
The SC-MTCH is transmitted without ACK/NACK, re-transmission triggered by NACK is not required. And the eNB can know the data for MBMS sessions before SC-MTCH scheduling. It’s possible to assign in advance all the SC-MTCH resources (e.g., Scheduling interval, Resource assignment, Modulation and coding scheme, Scheduling start and stop time, Repetition number etc.) and configure these SC-MTCH resources through SC-MCCH. Such option can be seen as NPDCCH-less SC-MTCH. 
In this option, the eNB should determine all the SC-MTCH transmission parameters (such as “Scheduled Interval”, “Resource assignment”, “Modulation and coding scheme”, “scheduling starting and end time”, and “Repetition number”) in advance and configure the above transmission parameters by SC-MCCH. Taken into account the following aspects:

1. SC-MCCH change maybe happen during SC-MTCH transmission procedure;
2. The SC-MCCH change notification is carried by PDCCH DCI for NB-IoT during SC-MTCH transmission procedure;
3. SC-MCCH modification can only happen per SC-MCCH modification period (e.g., sc-mcch-ModificationPeriod IE in SIB20)

PDCCH monitoring for SC-MCCH change notification is needed and can be performed with a larger NPDCCH period (e.g. SC-MCCH modification period) during SC-MTCH transmission procedure (e.g., one shot NPDCCH monitoring for SC-MCCH change indication is sent before the SC-MCCH change period boundaries). 
Comparison of above three options is shown in Table 1. For Option-1 and Option-2, multiple TBs may be missed if DCI used for SPS activation is miss detect. For Option-3, the UE is not required to decode DCI. Option-3 has the lowest DCI overhead, highest reliability and lowest power consumption. Furthermore, all above three options have impact on scheduling flexibility to some extent. 

Table 1 Comparison of above three options

	
	Option-1
	Option-2
	Option-3

	DCI overhead
	Medium
	High
	Low

	Reliability
	Low
	Medium
	High

	Power consumption 
	Medium
	High
	Low

	Scheduling flexibility
	Medium
	High
	Low


To ensure that multiple SC-MTCHs can be received by a UE at the same time, collision of SPS allocated resources for different SC-MTCHs should be avoided. For example, SPS allocated resources for different SC-MTCH are not overlapped in time domain.

Proposal 2: NPDCCH-less SPS is supported for SC-MTCH transmission. 
· Large NPDCCH period for SC-MCCH change monitoring is considered.
Introducing UL SPS for BSR transmission needs to reserve resources which causes large overhead. Furthermore, UL SPS may block the scheduling of legacy NPUSCH. Compared with dedicated SR, UL SPS may cause more overhead. Considering that it also needs additional specification work, UL SPS is not considered in Rel-15. 
Proposal 3: UL SPS is not considered for NB-IoT in Rel-15.
3 Conclusions

In this contribution, we have discuss the physical layer aspects needed to be further studied on SPS design for SC-PTM for NB-IoT. We have the following proposals: 

Proposal 1: SPS for SC-MCCH transmission is not considered.
Proposal 2: NPDCCH-less SPS is supported for SC-MTCH transmission. 
· Large NPDCCH period for SC-MCCH change monitoring is considered.
Proposal 3: UL SPS is not considered for NB-IoT in Rel-15.
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