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1 Introduction

The WID of further NB-IoT enhancements was approved in RAN#75 [1] and reviewed in RAN#76 [2], RAN#77 [3].In which, the following objection is included:

A-1. 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]

· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3] 

· Consider further enhancement of quick release of RRC connection after the last data transmission[RAN2]

· Relaxed monitoring for cell reselection [RAN2, RAN4]

· Enable relaxed UE monitoring for cell (re)selection e.g. by (re)configuration

· Support for physical layer SR [RAN1, RAN2]

· Support for RLC UM in addition to Rel-14 SC-PTM support [RAN2]
In this paper, we will discuss the physical layer SR issues for UE power consumption reduction.

2 Discussion

In RAN1 #89 meeting, the following agreements were achieved for physical layer SR [4].
· Piggybacked SR with HARQ-ACK is chosen between the following options, with evaluations encouraged at RAN1#90:
· Option 1: QPSK-based constellation

· Option 3: Cover code/Orthogonal sequence on ACK/NACK data symbols and/or DM-RS symbols

Based on this agreement, SR can be piggybacked with HARQ-ACK. However, since the UE cannot predict the upcoming DL scheduling of eNB, random access procedure may be triggered for SR transmission a moment before the UE receives DL data. If there is no DL data transmission and without preconfigured dedicated SR, scheduling request can be transmitted through random access procedure. To avoid unnecessary SR transmission through random access procedure for UE power consumption reduction, a SR prohibit timer can be activated if the UE has UL data for transmission. Random access procedure can be triggered by SR only when the SR prohibit timer is expired.
Proposal 1: If sending SR with HARQ ACK/NACK is enabled, a SR prohibit timer is introduced to avoid unnecessary SR transmission through random access procedure.
Based on current NB-IoT specification, UE can send Power Headroom level over DPR in Msg3 together with a CCCH SDU [5], which means PHR can only report during RRC connection setup or RRC connection resume procedure, and  maybe out of date with long period of interval between Msg3 and SR. Furthermore, the radio condition or even the enhanced coverage level maybe changed for the UE during RRC_CONNECTED state, which may also lead the Power Headroom level over DPR in Msg3 has no reference value for new data scheduling. So, Power Headroom level needs to be updated after SR, which can be carried over DPR or over PHR MAC CE. 

In legacy LTE, periodical Power Headroom Reporting is supported, which can ensure that the Power Headroom value in legacy LTE is in time. But periodical Power Headroom Reporting is not supported in NB-IoT. Taken into account that NB-IoT is mainly used to transfer small burst data, the periodical Power Headroom reporting is not suitable for extra power and radio resource consumption, and one shot Power Headroom Reporting after SR is enough as the supplement of DPR in Msg3. 
Proposal 2: Power Headroom level can be reported after SR.
3 Conclusion

Based on the analysis in this paper, we have the following proposals:

Proposal 1: If sending SR with HARQ ACK/NACK is enabled, a SR prohibit timer is introduced to avoid unnecessary SR transmission through random access procedure.
Proposal 2: Power Headroom level can be reported after dedicated SR.
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