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Introduction
In RAN #75 meeting, FeNB-IoT was approved as a work item. The objective is to achieve further latency and power consumption reduction, to achieve narrow band measurement accuracy improvements, to achieve NPRACH reliability and coverage enhancements, to reduce system acquisition time, and to specify additional features including small cell. The objectives apply to the in-band, guard-band, and standalone operation modes [1].
According to [1], latency and power consumption reduction for physical channel should be considered for FeNB-IoT as follows:
Further latency and power consumption reduction
· Power consumption reduction for physical channels
· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1,  RAN2,  RAN4]
· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]
In RAN1 #90 meeting, following agreement on the semi-persistent scheduling was made [2]:
	Agreement:
· 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 this contribution, we discuss the motivations for SPS (semi-persistent scheduling) support for FeNB-IoT. Also, we discuss some consideration points for FeNB-IoT system when it handles SPS. The first one is the SPS activation/release issue and the other is search space monitoring issue. This is a re-submission of R1-1713102.

Motivations for SPS support
Latency reduction and battery saving issues are considered as the motivations for SPS support in FeNB-IoT. In addition, DCI overhead reduction is also considered as the motivations for SPS support. Since the carrier for the NB-IoT system consists of 1 PRB and large number of repetition should be applied to NPDCCH as well as NPDSCH/NPUSCH for a UE in a deep coverage region, the processing time increase due to NPDCCH transmission in DL/UL data delivery can be significant when single NPDSCH/NPUSCH is scheduled by single NPDCCH. In this perspective, SPS may be considered as a candidate mechanism for battery saving and latency reduction. 
In any cases, usefulness of SPS in NB-IoT should be justified in the context of relevant use-cases. Following potential use-cases can be considered for SPS support in FeNB-IoT.
· Software update: Software update can be considered as a use-case to support SPS in FeNB-IoT. In 3GPP TR 45.820[3], the payload size for software update is from 1600 bits to 16000 bits. Considering the worst case, the UE whose maximum TBS for DL/UL is 1000 bits should be scheduled with NPDCCH/NPDSCH 16-times. As a result, it would be helpful to support SPS in FeNB-IoT. 
· Periodical DL/UL data transmission: Periodical data such as billboard update or UE sensing can be considered as a use-case to support SPS in FeNB-IoT. 
· VoIP: Even though VoIP is a good example of periodic data source, it is not yet clear if there is a scenario where VoIP should be supported in NB-IoT.
 In general, we believe use-case and applicability of SPS to FeNB-IoT should be discussed in RAN2 first. Then, RAN1 may mainly discuss the impact to the UE complexity and RAN1 specification work if SPS is introduced for NB-IoT.

Consideration points for SPS support
In this section, we discuss the consideration points for SPS support for FeNB-IoT in RAN1 perspective. First of all, the activation/release of SPS for FeNB-IoT should be considered. According to 3GPP TS 36.213[4], the activation/release of SPS for legacy LTE and LTE MTC is specified by using DCI formats. To be specific, special field is specified for SPS activation/release by using DCI formats. Similarly to legacy LTE and legacy MTC, the activation/release for SPS can be notified by using explicit fields or existing fields of NB-IoT DCI formats (e.g., DCI format N0, DCI format N1, and DCI format N2). 
However, it may not bring positive effect of the UE battery saving and UE latency reduction when the SPS in Rel-15 NB-IoT is introduced based on the SPS in legacy LTE. The first objective for using SPS is the UE battery saving, but the NB-IoT UE should monitor the search space to confirm whether SPS retransmission grant and/or dynamic scheduling grant are transmitted or not. Therefore, the battery saving effect of Rel-15 NB-IoT UE will not change significantly compare to that of Rel-14 NB-IoT UE. The second objective for using SPS is the latency reduction. However, if the period of subframes configured for SPS is not long enough to complete initial/re-transmission of each TB in each period, UE needs to handle multiple HARQ processes to support SPS operation, which may not be in line with the design target of low complexity UE for NB-IoT. As a result, introducing the SPS in Rel-15 NB-IoT based on the SPS in legacy LTE may not be beneficial in terms of UE battery saving and UE latency reduction. 

Observation 1: In RAN1 perspective, introducing the SPS in Rel-15 NB-IoT based on the SPS in legacy LTE may not be beneficial in terms of UE battery saving and UE latency reduction.

In order to overcome these issues, following assumptions may be needed. If the UE with SPS-activated may expect that the NPDCCH is not transmitted in a search space which is related to the DL/UL resource for NPDSCH/NPUSCH allocated by SPS, it will be operating in a single HARQ mode or with a similar DCI decoding complexity with a single HARQ mode.

Observation 2: In RAN1 perspective, the following aspects should be discussed regarding SPS support for NB-IoT if SPS is to be supported in Rel-15 NB-IoT.
· DCI design for SPS activation/release
· potential reduction of DCI monitoring with SPS operation

Conclusion
In this contribution we presented our view on SPS support for FeNB-IoT. We make the following observations:
Observation 1: In RAN1 perspective, introducing the SPS in Rel-15 NB-IoT based on the SPS in legacy LTE may not be beneficial in terms of UE battery saving and UE latency reduction.
Observation 2: In RAN1 perspective, the following aspects should be discussed regarding SPS support for NB-IoT.
· DCI design for SPS activation/release
· potential reduction of DCI monitoring with SPS operation
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