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1 Introduction
In RAN #75 meeting, new WID RP-170852 on Further NB-IoT enhancements  was agreed as working agreement [1]. One of the objectives is to reduce power consumption.
Improved power consumption:

· 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 contribution, we discuss the support of power consumption reduction for decoding the physical downlink control/data channel.
2 Discussion on solutions for reduced power consumption
Based on the analysis in TR 36.888, two aspects can be considered for reduced power consumption:
(1) Receiver on time 
(2) DC power consumption of Power Amplifier / PA efficiency 

However, different to eMTC system, in NB-IoT system, only receiver on time will be considered for power consumption reduction. Receiver on time is affected by two factors, one is the frequency of on state (NPDCCH periodicity), the other is the total length of one NPDCCH receiving time. The former is based on the NPDCCH detection periodicity, which means the time interval between two NPDCCH detection; the latter is depend on how long UE will find out an intended NPDCCH transmission. Therefore the analysis below are based on the following two aspects. 

Receiving frequency (dynamically adjusted NPDCCH periodicity)
In NB-IoT system, the starting subframe of the searching space is configured by higher layer signalling, i.e. semi-statically. Therefore, the detection period cannot be adjusted dynamically based on actual data transmission status, which will adversely affect the terminal power consumption. As shown in figure 1, in data transmission region, UE’s NPDCCH detection period is configured to T. When no data transmission(BSR=0 and No DL data), there are two possible outcomes.

1) eNB modifies NPDCCH detection period via high layer signalling, however, significant signalling cost could be expcted. Also , UE power consumption is increased due to reception and feedback.
2) No change for the NPDCCH detection period, i.e, detection period remains as T.  As can be seen this will also increase UE power consumption , as more detection process will be wasted .
As can be seen , both scheme are not ideal. 
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Figure 1

If the NPDCCH detection period can be dynamically adjusted based on the actual data transmission status, the terminal power consumption will be reduced. As shown in figure 2, based on DCI indication, UE can use T1 as the NPDCCH detection period when no data transmission happens(BSR=0 and No DL data); based on SR+UL grant /DL grant,  UE can use T as the NPDCCH detection period (T1>T) during data transmission. T and T1 will be configured by higher layer. 
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 Figure 2
For dynamically adjusted NPDCCH detection period, there are issues need to be considered. As can be seen the detection period will not only affect terminal power consumption, it will also have impact on scheduling opportunities. With longer NPDCCH detection period, the scheduling opportunity will be reduced. However, the impact is minimal as there is no data transmission. Overhead, false detection shall also be considered when considering dynamically adjusted NPDCCH detection period. 
Observation 1: Dynamically adjusted NPDCCH detection period will reduce terminal power consumption. 

Wake-up signal 
One potential solution is to design certain signal/channel to indicate the presence of NPDCCH in the subframe. For example, the signal can be transmitted at the beginning of the whole frame and limited to the first OFDM symbol. Or, it can be transmitted in the subframe ahead of the beginning subframe in each search space period. Upon detection of such signal the UE knows the existence of the NPDCCH, and only after that the UE will start to decode the following symbols of subframe. If no such signal is detected, the UE will turn the receiver off. When design the wake-up signal, detection accuracy, miss detection rate need to be considered. Specifically, for coverage enhancement scenario, wake-up signal function, corresponding sequence etc need to be designed for both idle mode paging and connected mode DRX.
Observation 2: For wake up signaling design, detection accuracy, miss detection rate and false alarm rate need to be considered.
Observation 3: Difference design of wake-up signalling maybe needed for idle mode paging and connected mode DRX.
Proposal 1:  For UE power consumption, dynamic adjusted NPDCCH period and wake-up signaling can be considered. Trade off between performance and overhead need to be evaluated in the design.
3 Conclusions
In this contribution, we have discussed the power consumption reduction for NB-IoT. We make the following observations and proposal:
Observation 1: Dynamically adjusted NPDCCH detection period will reduce terminal power consumption. 
Observation 2: For wake up signaling design, detection accuracy, miss detection rate and false alarm rate need to be considered.
Observation 3: Difference design of wake-up signalling maybe needed for idle mode paging and connected mode DRX.
Proposal 1:  For UE power consumption, dynamic adjusted NPDCCH period and wake-up signaling can be considered. Tradeoff between performance and overhead need to be evaluated in the design.
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