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1. Introduction

In 3GPP TSG RAN #80 meeting, a new SID: Study on UE Power Saving in NR was approved [1]. The objective of this SI is as follows.

1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i) Network and/or UE assistance information

ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme

b) Study the power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics

2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]

3)  Study the enhancement of higher layer procedures for UE power saving [RAN2]

a) Study the enhancement of UE paging procedure based on the additional power saving signal/channel/procedure

Study the enhancement of UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode.
In this contribution, we will give a general view on UE power saving techniques.
2. Discussions 
NR supports different traffic types with different statistics profiles. Different traffic types also have different requirements on latency and throughput. At gNB side, scheduling strategies for various traffic types could be different and UE could adjust transmission or reception activities accordingly to reduce power consumption.
For UE, NR have specified several modes, including RRC_CONNECTED, RRC_IDLE and RRC_INACTIVE mode. For different mode, UE power consumption is quite different. More operation modes/states could be identified for UE power saving. When there is no data transmission, gNB could inform UE change operation mode, e.g., from high power consumption mode to lower power consumption mode. For UE, when uplink data transmission complete, it can also send a message to gNB expressing the mode changes at UE side. 

Proposal 1: More UE states/modes could be identified for power saving.
For UE states/modes definition, it is beneficial to be identified by UE behavior. For UE in RRC_IDLE mode, it could be defined as deep sleep mode. When UE in RRC_CONNECTED mode, for different network configuration, UE power consumption could be different. Based on lots of previous discussions, UE consumes lots of power on PDCCH monitoring in active mode without downlink data transmission. Therefore, in RRC_CONNECTED mode, a new state could be considered to make some power saving operation, like discontinues PDCCH and PDSCH receiving. We can call this mode as ‘light sleep’.
Proposal 2: Introduce ‘light sleep’ mode when UE in active mode.

The UE behavior in light sleep mode could be identified further. Some operations in light sleep mode could reduce UE power consumptions, e.g. reducing the numbers of receiving antenna, decreasing PDDCH blind monitoring times, limiting the operation of CA/BWP and so on. The combinations of different operations bring different power saving effect and the applicable scenarios are also different. UE could reduce power consumption with less without PDCCH monitoring. But it will have great effect on latency and could not be used for latency sensitive service. When network load is light, gNB could set some restrictions on scheduler and UE could go to light sleep mode without performance loss. The detail of scheduling restriction and UE power saving operation combination will lead to more states in light sleep mode. 
Proposal 3: In light sleep mode, more UE states with different UE power saving operation could be identified.
The trigger conditions and duration time of light sleep mode also need to be discussed. No matter what the state of UE is, it is necessary to ensure the correct detection of PDCCH. Therefore, UEs in light sleep mode should have consistent cognition with gNB to ensure correct PDCCH receiving. The triggering of UE from active mode to light sleep mode can be basically divided into two categories: UE trigger or gNB trigger. For gNB trigger light sleep mode, there could be different ways, for example, relative short period DRX transmission or potential power saving indication defined by high layer signaling. For UE trigger light sleep mode, it is required to have a ‘handshake’ process with gNB to confirm UE in light sleep mode.
Proposal 4: gNB and UE should have a consistent cognition when UE is in light sleep mode.
3. Conclusion
In summary, the following proposals are provided:
Proposal 1: More UE states/modes could be identified for power saving.

Proposal 2: Introduce ‘light sleep’ mode when UE in active mode.

Proposal 3: In light sleep mode, more UE states with different UE power saving operation could be identified.
Proposal 4: gNB and UE should have a consistent cognition when UE is in light sleep mode.
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