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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 RAN2 scope for the study phase.
2. Discussion
According to the scope description in [1], RAN2 study mainly involve the following 4 topics: UE adaptation to the traffic and power consumption characteristics, RRM enhancement, paging enhancment, state transition. We will provide some analysis on the discussion scope for these topics from RAN2 point of view.
2.1. UE adaptation to the traffic and power consumption characteristics
In the SI scope, UE adaptation to the traffic and power characteristics should mainly focus on RRC connected mode. In order to adapt the configuration for different service traffics or scenarios, RAN1 has already studied the UE assistance information and the corresponding benefit evaluation in Frequency domain, Time domain, Antenna domain, DRX configuration, and UE processing timeline. For example, UE preferred processing timeline, BWP configuration, antenna configuration, DRX configuration, PDCCH monitoring configuration, etc. have been identified / evaluated by simulation in RAN1. Thus, in our understanding, what kind of UE assistance information to adapt the traffic and scenario, as well as the channel/sequence design, benefit evaluation should continue to be studied in RAN1. 
Observation 1: What kind of UE assistance information to adapt the traffic and power consumption characteristic, as well as the channel/sequence design, benefit evaluation should continue to be studied in RAN1. 

RAN2 study should focus on procedure design and signaling structure for network and/or UE assistance information and DRX operation enhancement based on RAN1 study outcomes. How to trigger the UE assistance information should be also studied in RAN2. 
For C-DRX enhancement, dynamic C-DRX parameter configuration with/without UE preferred DRX configuration has been discussed and studied in RAN1. Some mechanisms have been proposed in RAN1. From RAN2 point of view, how to design multiple C-DRX configurations and how to switch the configurations can be considered based on RAN1 agreements. 
Proposal 1: For UE adaptation to the traffic and UE power consumption characteristics, RAN2 study should mainly focus on:

1) Procedure design and signaling structure for UE assistance information based on RAN1 study outcomes.
2) C-DRX operation enhancement including dynamic C-DRX parameter configuration based on RAN1 agreements.
2.2. RRM enhancement
The scope for the RRM enhancement is to study the UE power consumption reduction in synchronous and asynchronous network deployment. One of the reasons for this bullet is that RRM is anyway needed even some unnecessary paging monitoring can be reduced by WUS/GTS, as shown in Figure 1. In this way, the benefit for the mechanism with WUS/GTS that reducing paging monitoring will be marginal, especially for idle mode. Thus, it can be considered to reduce some measurement. 
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Figure 1: RRM and paging

Current RAN1 study includes RRC_CONNECTED, RRC_IDLE/RRC_INACTIVE state for RRM enhancement. The target is to reduce some measurement/measurement report with similar RRM accuracy in some scenarios, especially for low speed or stationary state. For the mobility scaling mechanism enhancement in high speed scenario, we think any further optimization is not power saving related issue. 
RAN1 has identified the following three main directions for RRM enhancements:

1) Adapting/Relaxing RRM measurement in time domain
2) Adapting/Relaxing intra-frequency measurements
3) Power Saving Schemes for RRM measurements with Additional Resource
RAN1 has concluded that adapting/relaxing RRM measurement in time domain has benefit without performance reduction. The solutions include: increasing measurement period, reducing sample numbers within a measurement period, etc. Besides, adapting/relaxing intra-/inter- frequency measurement, e.g. reducing the cell number or frequency number, is also beneficial in certain conditions. 
Observation 2: The RRM power saving study should consider RRC IDLE, INACTIVE and CONNECTED states.   The deployment scenarios for further studies of RRM power saving focus on the stationary (e.g., 0km/h), pedestrian (e.g., 3km/h) and vehicular (e.g., 30km/h) scenarios when considering UE power saving techniques for RRM measurements.
Observation 3: RAN1 already conclude that adapting/relaxing RRM measurement in time domain and adapting/relaxing intra-frequency measurements are beneficial in power saving. 
From RAN2 point of view, the procedure and signaling for the measurement reduction should be studied. In idle/inactive mode, the UE can autonomously reduce the measurement (including measurement sample, measurement period, cell number, etc.) based on network configuration. In connected mode, network can control the UE to reduce the measurement with/without UE assistance information. Besides, how to configure the reduced measurement parameters should be discussed in RAN2. 
RAN1 has already concluded to have additional resource for RRM measurements. There is no difference between the legacy measurement RS and the additional resource from RAN2 point of view. The only thing in RAN2 is to define the configuration of this additional resource. 

Proposal 2: For RRM enhancement, the procedure and signaling for the measurement reduction as well as the corresponding configurations should be studied in RAN2, including measurement sample and measured cell number reduction. 
For measurement report reduction, some companies have proposal to reduce the measurement report with the network configured conditions. The benefit and motivation have not been justified in RAN1. In our understanding, it is an RAN2 issue and can be further discussed in RAN2. 

Proposal 3: Whether need to or how to reduce the measurement report based on the network configured conditions can be further discussed in RAN2.
For inter-frequency aspects, there were some proposals, e.g., for IDLE state, grouping different frequencies within a band, since they have similar measurement results. Although the proposals are not provided with sufficient simulation results, intuitively speaking, these proposals are direct and simple for other companies to understand. It seems to be reasonable to have some discussion in RAN2. Based on the outcome of the discussion, it can be considered the inclusion of this aspect in the following WI based on the discussion decision. 
Proposal 4: RAN2 to continue discuss the inter-frequency measurement issues, e.g. grouping different frequencies within a band if they have similar measurement results. 
2.3. Paging enhancement
In the SI scope, the enhancement of UE paging procedure based on the additional power saving signal/channel/procedure should be studied. Based on the current procedure, UE anyway need to monitor the paging PDCCH in every PO, no matter whether the paging is for which UE. The power consumption shown in Figure 2 can be reduced by some pre-indication signal or channel. 
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Figure 2: Power consumption for paging monitoring

The paging enhancement is an RAN2 topic. From RAN2 point of view, this additional power saving signal/channel can reuse the signal/channel defined in the first bullet of the SI scope, which is being studied in RAN1. 

Observation 4: Additional power saving signal/channel for paging enhancement can reuse the signal/channel defined in the first bullet of the SI scope, which should be studied in RAN1.
How to use the additional power saving signal/channel to control the paging PDCCH monitoring should be determined in RAN2. In LTE eFeMTC/FeNB-IoT, WUS was introduced to enhance the paging procedure in idle mode. In NR, whether to reuse the similar procedure in idle mode can be discussed in RAN2. In connected mode, paging procedure enhancement should be jointly considered with the mechanism to reduce PDCCH monitoring, e.g. C-DRX enhancement. 
Proposal 5: How to use the additional power saving signal/channel to control the paging PDCCH monitoring should be determined in RAN2.
· In idle mode or inactive state, the additional power saving signal/channel should be introduced in NR to reduce some unnecessary PDCCH monitoring.
· In connected mode, paging procedure enhancement can be jointly considered with mechanism to reduce PDCCH monitoring.
2.4. State transition
In the SI scope, it is defined to study the enhancement of UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode. The motivation for this bullet is that the UE may always stay in RRC connected mode for a period after the traffic complete, so fast release mechanism can be potentially beneficial for UE power consumption. In legacy 3G or LTE system, there is mechanism to resolve this problem. Thus, the legacy mechanism can be reused as the baseline in NR. 
Proposal 6: RAN2 should study the mechanism for fast release from connected mode to idle/inactive mode. The fast release mechanism in legacy 3G/LTE system can be considered as a starting point.
3. Conclusion
In this contribution, we discuss the RAN2 scope for power saving SID. Based on the discussion, we have the following observations and proposals:
Observation 1: What kind of UE assistance information to adapt the traffic and power consumption characteristic, as well as the channel/sequence design, benefit evaluation should continue to be studied in RAN1. 

Observation 2: The RRM power saving study should consider RRC IDLE, INACTIVE and CONNECTED states.   The deployment scenarios for further studies of RRM power saving focus on the stationary (e.g., 0km/h), pedestrian (e.g., 3km/h) and vehicular (e.g., 30km/h) scenarios when considering UE power saving techniques for RRM measurements.
Observation 3: RAN1 already conclude that adapting/relaxing RRM measurement in time domain and adapting/relaxing intra-frequency measurements are beneficial in power saving. 

Observation 4: Additional power saving signal/channel for paging enhancement can reuse the signal/channel defined in the first bullet of the SI scope, which should be studied in RAN1.
Proposal 1: For UE adaptation to the traffic and UE power consumption characteristics, RAN2 study should mainly focus on:

1) Procedure design and signaling structure for UE assistance information based on RAN1 study outcomes.

2) C-DRX operation enhancement including dynamic C-DRX parameter configuration based on RAN1 agreements.
Proposal 2: For RRM enhancement, the procedure and signaling for the measurement reduction as well as the corresponding configurations should be studied in RAN2, including measurement sample and measured cell number reduction. 
Proposal 3: Whether need to or how to reduce the measurement report based on the network configured conditions can be further discussed in RAN2.
Proposal 4: RAN2 to continue discuss the inter-frequency measurement issues, e.g. grouping different frequencies within a band if they have similar measurement results. 
Proposal 5: How to use the additional power saving signal/channel to control the paging PDCCH monitoring should be determined in RAN2.
· In idle mode or inactive state, the additional power saving signal/channel should be introduced in NR to reduce some unnecessary PDCCH monitoring.
· In connected mode, paging procedure enhancement can be jointly considered with mechanism to reduce PDCCH monitoring.
Proposal 6: RAN2 should study the mechanism for fast release from connected mode to idle/inactive mode. The fast release mechanism in legacy 3G/LTE system can be considered as a starting point.
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