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1. Introduction
In RAN #80, a new Rel-16 study item on NR UE power saving was approved [1] with the following objectives:
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

b) Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  

Some progress had been made in RAN1 and the corresponding agreements were captured in the TR 38.840 [2]. In this contribution, we will discuss the objective 3-a) i.e. study the enhancement of UE paging procedure based on the additional power saving signal/channel/procedure.
2. Discussion
In NR, the UE may use DRX in RRC_IDLE and RRC_INACTIVE state in order to reduce power consumption [3]. In RRC_IDLE, the UE monitors the paging channels for CN-initiated paging. In RRC_INACTIVE, the UE also monitors paging channels for RAN-initiated paging. A UE need not monitor paging channels continuously though. Paging DRX is defined where the UE in RRC_IDLE or RRC_INACTIVE is only required to monitor paging channels during one Paging Occasions (PO) per DRX cycle. 
According to the current mechanism, the UE anyway need to monitor each paging occasion to check whether there is paging or which UE the paging is for. In order to reduce some unnecessary paging monitor in idle mode, wake-up signalling (WUS) is introduced in LTE for NB-IoT and MTC UE. WUS is designed for a group of UEs. If UE receives WUS, the UE will continue to monitor the subsequent paging PDCCH and potential paging message. Otherwise (UE does not receive WUS), the UE will go to sleep until the next WUS occasion.
In NR, similar mechanism can be introduced to reduce the unnecessary paging monitor in idle/inactive mode. Some kind of pre-indication can be introduced to indicate whether there is paging for this UE. Whether the same WUS should be reused in NR can be further discussed in both RAN1 and RAN2. During the SID discussion, many companies have consensus that similar power saving signal/channel can be used in paging enhancement as the signal/channel defined in connected mode. Actually, this part is being discussed in RAN1. Thus, we can wait RAN1 to make the final decision on the power saving signal/channel design.
Proposal 1: Pre-indication can be introduced in idle/inactive mode to skip some unnecessary paging monitor. When the UE_ID is included in the pre-indication, the UE will continue to monitor the subsequent paging PDCCH and potential paging message. Otherwise, the UE will go to sleep until the next PO.
Proposal 2: It is up to RAN1 to design the power saving signal/channel used as pre-indication. 
When in RRC_CONNECTED in LTE, the UE monitors the paging channels in any PO for system information change notification. In case of BA, a UE in RRC_CONNECTED only monitors paging channel on the active BWP. There is no WUS mechanism introduced in connected mode for LTE. 
In NR, RAN1 discussed some mechanisms to reduce the PDCCH monitor in connected mode. For example, power saving signal/channel (including WUS/GTS) to indicate whether to monitor PDCCH was agreed in RAN1 [2]. Since power saving signal/channel is introduced for the connected mode, pre-indication for paging can be jointly discussed and designed to control the PDCCH monitoring. 
Proposal 3: Pre-indication for paging can be jointly discussed and designed with power saving signal/channel (including WUS/GTS) to indicate whether to monitor PDCCH.
3. Conclusion
In this contribution, we discuss the paging enhancement for power saving in connected/idle/inactive mode. Based on the discussion, we have the following proposals:
Proposal 1: Pre-indication can be introduced in idle/inactive mode to skip some unnecessary paging monitor. When the UE_ID is included in the pre-indication, the UE will continue to monitor the subsequent paging PDCCH and potential paging message. Otherwise, the UE will go to sleep until the next PO.
Proposal 2: It is up to RAN1 to design the power saving signal/channel used as pre-indication. 
Proposal 3: Pre-indication for paging can be jointly discussed and designed with power saving signal/channel (including WUS/GTS) to indicate whether to monitor PDCCH.
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