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1. Introduction

In RAN #75 meeting, new Rel-15 work item of NB-IoT enhancement was agreed [1]. According to the WID, the objective on power consumption reduction for physical channels for Rel-15 feNB-IoT is 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]


In this paper, we discuss the consideration points for the new physical signal/channel for UE power consumption reduction. 
2. Discussion
2.1. Power consumption reduction
If UE has to monitor NPDCCH frequently, it may require considerable power consumption which is not desirable to NB-IoT. For the purpose of the UE power consumption reduction, wake up signal can be used as described in [2]. In this approach, eNB could provide wake up signal to UE to indicate the information of NPDCCH transmission which is configured for UE. For example, wake up signal could indicate the UE to start monitoring the NPDCCH. If there is no desired wake up signal, the UE doesn’t need to monitor NPDCCH to reduce the power consumption. Figure 1 shows an example of power consumption reduction method using wake up signal. In this example, UE monitors wake up signal at wake up signal occasion. If UE detects desired wake up signal which indicates NPDCCH monitoring, UE starts monitoring NPDCCH at NPDCCH occasion within the monitoring window.
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Figure 1 Example of power consumption reduction method using wake up signal
Before discussing details about new physical signal/channels for the wake up signal design, it is important to evaluate the power consumption efficiency of the new physical signal/channel. To evaluate power consumption for physical signal/channels, the impact of the RF power, baseband processing, infra-structure overhead can be considered. Based on the evaluation results in [3], power consumption reduction for a normal LTE UE can be achieved with wake up signal in case of the CDRX state. However, impact of the wake up signal may be different in case of the NB-IoT UE which has different feature from legacy LTE UE. For example, NB-IoT only requires few numbers of subcarriers for monitoring NPDCCH which is related to the baseband processing power. Baseband processing power for a robust decode of PDCCH DCI may not be a fundamental contributor to modem power consumption. Thus, advantage of the wake up signal could be small in case of NB-IoT. Moreover, wake up signal has several trade-offs as described in [4] which should be discussed previously. For example, additional latency and power consumption can be occurred by miss detection and/or false alarm. Also, if eNB assign NPDCCH frequently, UE has to decode wake up signal frequently as well as NPDCCH, which might induce additional latency and power consumption. 
2.2. Design criteria of new physical signal/channel for power consumption reduction
For the better understanding on the potential benefits of UE power saving, it should be necessary to know what should be the structure of physical signal for power consumption reduction. If new physical signal or channel is used to reduce power consumption in Rel-15 feNB-IoT, following design criteria can be considered. 
First, new physical signal/channel should target non-coherent detection in terms of power consumption reduction objective. Legacy LTE system already has indication channels such as PCFICH and PHICH, which can be considered to be reused as new physical channel for power consumption reduction. However, these channels require coherent decoding process, which tends to be longer latency and larger power consumption due to the complexity of decoding process. Thus coherent design may not be suitable for new physical signal/channel. 
Additionally, information size which is carried on new physical signal/channel should be limited. If new physical signal/channel is used to indicate NPDCCH monitoring, missed detection and false alarm could cause additional latency and power consumption. Also, larger information with non-coherent signal leads to longer detection complexity and time. Thus, if non-coherent signal design is used for new physical signal/channel, information size should limited.
Finally, overhead of new physical signal/channel should be limited. In case of NB-IoT, large number of repetition for NPDCCH could be used to support enhanced coverage level. Likewise, new physical signal/channel should be repeated to support similar coverage level compare to NPDCCH. However, larger repetition number of new physical signal/channel requires longer acquisition time, which leads to larger power consumption. Thus, efficiency of new physical signal/channel may decrease in case of large repetition level. In this perspective, overhead of new physical signal/channel should be limited.
Proposal 1: Benefits/necessity of new physical signal/channel for NB-IoT UE’s power consumption reduction should be carefully discussed based on the assessment of practical power consumption reduction considering the actual structure of the new physical signal/channel. 

3. Conclusion
In this contribution, we discuss the consideration points for the new physical signal/channel for UE power consumption reduction in Rel-15 feNB-IoT. The proposal in this contribution is as follow.
Proposal 1: Benefits/necessity of new physical signal/channel for NB-IoT UE’s power consumption reduction should be carefully discussed based on the assessment of practical power consumption reduction considering the actual structure of the new physical signal/channel.
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