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1	Introduction 
In order to minimize the UE power consumption, a variety of UE power saving schemes is discussed [1] to improve UE power efficiency for 5G NR UEs. In addition to the licensed spectrum, NR-based access to unlicensed spectrum is also developing and considered in 5G NR handsets and services [2]. Therefore, the development of UE power saving schemes should further study the channel characteristics of the unlicensed spectrum, such as power saving signal/channel or PDCCH monitoring/decoding. In this contribution, we suggest that the scenario of NR-U should be considered in UE power saving schemes, and the UE behaviour to power saving signal/channel or PDCCH monitoring/decoding could be further determined according to the channel characteristics of the unlicensed spectrum.

2 Discussion
The study of UE power saving in NR includes the study of the power saving schemes and the associated procedures.  The power saving schemes includes the UE adaptation to the traffic and UE power consumption characteristics in frequency domain, time domain, antenna domain, DRX operation, UE processing timeline, and PDCCH monitoring/decoding reduction for UE power saving.   The power saving signal/channel/procedure is used for triggering adaptation of UE power consumption characteristic. However, the consideration of latency and performance draws less attention to NR-U. NR-based operation in unlicensed spectrum is also an important study now. Therefore, potential techniques for UE power saving should be further considered for NR-U.

Observation 1: Potential techniques for UE power saving should be further considered for NR-U.

One important factor different from the licensed spectrum is the channel uncertainty in NR-U. LBT operation shall be performed before transition in the most cases. Upon LBT failure or operation in gNB, gNB is not allowed to transmit any signal, which includes downlink control channel. UE PDCCH monitoring occasions and/or the number of PDCCH blind decoding is unnecessary in this situation. Since PDCCH monitoring accounts for major portion of UE power consumption, the UE power consumption can be reduced when the number of UE PDCCH monitoring occasions and/or the number of PDCCH blind decoding is reduced. Therefore, the UE power saving performance in NR-U could be further reduced when the UE power saving schemes accommodate the channel uncertainty in NR-U, such as skipped PDCCH monitoring due to gNB LBT failure or operation.

Observation 2: The power saving signal/channel for adaptation to achieve reducing PDCCH monitoring/decoding should accommodate the channel uncertainty in NR-U.

In the RAN1#95 meeting, the UE power saving scheme to skip the PDCCH monitoring and/or to go to sleep for a period of time is discussed with the following agreements [3]:
	RAN1#95 Agreements:
· The power saving signal/channel candidate in triggering UE to achieve reducing PDCCH monitoring for further study is that the power saving signal/channel can be used to trigger UE to skip the PDCCH monitoring and/or to go to sleep for a period of time.
· Other schemes are not precluded



Considering the channel uncertainty in NR-U and gNB LBT operation, a time duration to indicate a UE to skip PDCCH monitoring/decoding or the power saving signal/channel could be supported. For example, based on the history information and buffer status in gNB, gNB may require a time period for gNB LBT operation to occupy a channel as shown in Fig.1. For example, gNB could indicate a UE to skip (1) PDCCH monitoring/decoding or (2) the power saving signal/channel for the corresponding time period. With the configuration, UE may go to sleep within the time duration, and may wake up to resume the monitoring behaviour after the time duration. 
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Fig. 1

Proposal: A time duration to indicate a UE to skip PDCCH monitoring/decoding or the power saving signal/channel could be supported.

3	Conclusions
In this contribution, we discuss about UE power saving schemes in NR-U. We conclude with the following observations and proposals:

Observation 1: Potential techniques for UE power saving should be further considered for NR-U.

Observation 2: The power saving signal/channel for adaptation to achieve reducing PDCCH monitoring/decoding should accommodate the channel uncertainty in NR-U.

Proposal: A time duration to indicate a UE to skip PDCCH monitoring/decoding or the power saving signal/channel could be supported.
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