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Discussion
1 Introduction

In RAN2 #105 meeting, we may discuss below as initial inputs.
· Identify higher layer signalling and procedure associated with the power saving schemes

· Identify timer based power saving schemes

· Identify the higher layer signalling and control procedure 

· Power saving scheme with UE adaptation  to the DRX operation and in time/frequency/antenna domain

· Power saving schemes for the reduced PDCCH monitoring

· Power saving schemes for RRM measurements

· Identify the enhancement of UE paging procedure with Power saving signal/channel

· Association of paging and power saving signal/channel/coverage area

· Network specific or UE specific configuration of power saving signals/channel/coverage area

· Identify the issues and solutions of fast dormant state 

· UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  

· Optimized timer setting with power saving signals

In this contribution, we discuss the enhancement of UE paging procedure with Power saving signal.
2 Discussion
In NR, a NW can command that a UE transits to the RRC_IDLE or RRC_INACTIVE from RRC_CONNECTED when there is no data transfer activity for the UE. Since the main purpose of state transition to RRC_IDLE or RRC_INACTIVE is to save the UE power, it is very important to minimize the power consumption for a UE in this state. Nevertheless, the UE in RRC_IDLE or RRC_INACTIVE is forced to consume its power for essential operation, such as receiving a system information or monitoring the PDCCH for paging message. 
Observation 1. A UE in RRC_IDLE or RRC_INACTIVE is forced to consume its power for essential operation, such as receiving a system information or monitoring the PDCCH for paging message.
Especially, since NR supports multi-beam operation, a UE should receive SSBs to detect its suitable beam before receiving a paging message. This causes the UE to consume more power than in LTE. After receiving the SSB, the UE may be awake until its PO. Particularly, if the PO is timely far from SSB reception, the power consumption would more increase. For example, if a UE is assigned with 3rd PO among the configured POs, it may be awake until 3rd PO arrives and monitor all PDCCH monitoring occasions in the PO, passing the preceding two POs. This leads unnecessary power consumption. To reduce this unnecessary power consumption, we can consider that a UE goes to sleep after reception of SSB and wakes up only in a PDCCH occasion associated with the selected beam among its assigned POs. As illustrated in Figure 1, the UE monitors only one PO associated with the selected SSB #3, even if there is multiple POs for each beam in the PO. It can reduce the power consumption of the UE. However, there may be an issue that the best beam can be changed due to channel variation especially if the PO is timely far from SSB. If then, the UE may not successfully receive its paging message due to changed beam condition. In the results, the UE should wait until the PO in the next paging DRX cycle. This situation may occur long time delay for reception of paging message and unnecessary power consumption. Therefore, we think that RAN2 needs to further enhance the paging procedure considering the multi-beam operation of NR.

Observation 2. A UE in RRC_IDLE or RRC_INACITVE consumes more power than LTE due to multi-beam operation.

[image: image1.emf]SSB 1

st

 PO 2

nd

 PO 3

rd

 PO

#1 #2 #3 #4 Beam

1

st

 PO associated with SSB#3

#1       #2        #3        #4 Beam #1       #2        #3        #4 Beam 


Figure 1: Conventional Paging with multiple beams
Moreover, the UE in RRC_IDLE or RRC_INACTIVE should monitor the PDCCH for receiving a paging message. Up to Rel-15, for a UE in power saving state, the UE discontinuously monitors the PDCCH addressed to PI-RNTI according to the paging DRX cycle. The network would command a transition to RRC_IDLE or RRC_INACTIVE from RRC_CONNECTED if it determines that there is no data transfer activity for the UE for some time. In this regard, it will be useful to minimize the PDCCH monitoring for paging message which can be transmitted to the UE once in a while. And, we think that this PDCCH monitoring reduction can be achieved by the power saving signal indicating whether to monitor the PDCCH for paging.
Observation 3. It is useful to minimize the PDCCH monitoring for paging message, and this can be achieved by the power saving signal indicating whether to monitor the PDCCH for paging. 
Based on above discussion, we think that RAN2 should consider the enhancement of the paging procedure with the power saving signal considering multi-beam operation. For example, the power saving signal may include a beam index so that the UE can select the best beam through reception of the power saving signal. If the power saving signal is located at the beginning of the PO, the UE can obtain accurate beam information because it makes to select the suitable beam immediately before receiving the paging message. 
Proposal. RAN2 study the enhancement of the paging procedure with power saving signal considering the multi-beam operation.
3 Conclusion
In this contribution, we discussed the needs for enhancement of UE paging procedure, and our observations and proposal are as follows:
Observation 1. A UE in RRC_IDLE or RRC_INACTIVE is forced to consume its power for essential operation, such as receiving a system information or monitoring the PDCCH.

Observation 2. A UE in RRC_IDLE or RRC_INACITVE consumes more power than LTE due to multi-beam operation.
Observation 3. It is useful to minimize the PDCCH monitoring for paging message, and this can be achieved by the power saving signal indicating whether to monitor the PDCCH for paging.
Proposal. RAN2 study the enhancement of the paging procedure with power saving signal considering the multi-beam operation.
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