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1. Introduction
This paper is the revision of R2-1903196. The conclusion and progress in RAN2#105bis have been taken into account.

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  

The study item in RAN1 has been completed. Some progress had been made in RAN1 and the corresponding agreements were captured in the TR 38.840 [2]. In RAN#83, the study item scope in RAN2 has been discussed and clarified during the scope discussing for new WID for power saving [3]. In RAN2#105 and #105bis, there were some progress made in RAN2. But there are still some issues which have not been addressed [4][5]. In this contribution, we will list the issues to be addressed in RAN2 for completing this power saving study item.
2. Discussion
2.1. RAN2 discussion principle
In the study item description [1], some topics are led by RAN1, while the others are led by RAN2, as described above. For RAN2 led topics, it is naturally to be discussed and concluded in RAN2 during study item phase. For RAN1 led topics, some progress and conclusions have been made during RAN1 study item phase. During the WID scope discussion in RAN#83 meeting, only pure RAN1 topics have been captured in the agreed WID [3]. Any other RAN2 led topics or RAN1 led topics which have RAN2 impacts was not included in the WID, which can be further updated in June RAN plenary meeting based on RAN2 discussion and conclusion. 
Observation 1: Any RAN2 led topics or the RAN2 impacts due to RAN1 led items were not included in the WID, which can be further updated in June RAN plenary meeting based on RAN2 discussion and conclusion to these topics.
Thus, any RAN2 impact on RAN1 led topics should be address based on RAN1 conclusion during study item phase in RAN2. The output can be applied to update the power saving WID in RAN plenary meeting in June. 
Proposal 1: RAN2 should address all RAN2 led topics and the RAN2 impacts due to RAN1 led items during study item phase in Q2, while the output can be applied to update the power saving WID in June.
2.2. List of issues to be addressed in RAN2
In the following, we will list the issues to be addressed in RAN2 for completing the power saving study item. 
2.2.1. RAN1 led topics which have RAN2 impacts

Issue 1.1: C-DRX enhancement for power saving with WUS
In the WID [3] scope, the power saving techniques with power saving signal/channel in connected mode should be specified in RAN1. RAN2 should study the WUS signaling/channel in triggering UE adaptation to the C-DRX operation in connected mode. In RAN2#105bis meeting, some basic principle have been discussed and agreed [4]. However, how to design the WUS, e.g. per-UE or per-UE group, and what the detailed procedure for the WUS to control PDCCH monitoring and the interaction with C-DRX based on the content of DCI is, should be further addressed in RAN2 based on RAN1 progress. More details can be found in our contribution [6].
Proposal 2: RAN2 should further conclude the procedure for the WUS to control PDCCH monitoring based on the content of DCI.. 
Issue 1.2: DCI-based mechanism in skipping PDCCH monitoring or switching PDCCH monitoring periodicity
The DCI-based mechanism in skipping PDCCH monitoring or switching PDCCH monitoring periodicity has been discussed in RAN1 and significant power saving benefit was shown. In RAN2, we should study the RAN2 impact for DCI-based mechanism in skipping PDCCH monitoring, i.e. any impact on the current inactivity timer behavior, and the potential difference from the current MAC CE controlled DRX. In RAN2#105bis meeting, there were some discussion on this part, a following email discussion was triggered after meeting. Thus, this part can be further concluded in RAN2. 

DCI-based mechanism in switching PDCCH monitoring periodicity is mainly an RAN1 issue [7] and potential RAN2 impact, if any, can be discussed.
Proposal 3: RAN2 should conclude the potential RAN2 impact on DRX procedure due to DCI-based mechanism in skipping PDCCH monitoring, and discuss the potential RAN2 impact on switching PDCCH monitoring periodicity, if any. 
Issue 1.3: Specify the power saving techniques of UE adaptation to the BWP/SCell operation
The other power saving techniques of UE adaptation to the BWP/SCell operation has been discussed and concluded in RAN1. However, as discussed in RAN#83 meeting, there are some overlap with DC/CA enhancement WID especially on Scell fast activation or dormant state aspects. The potential RAN2 impact due to BWP/Scell adaptation for UE power saving should be discussed. In RAN2#105bis meeting, it was agreed that some power consumption benefits can be achieved if SCells monitoring is reduced. From RAN2 perspective, how to reduce the SCells monitoring needs to further discussed [8]. 
Proposal 4: RAN2 should study the solution to reduce the SCells monitoring, and any impact due to the power saving techniques of UE adaptation to the BWP operation, if any. 
Issue 1.4: Specify the power saving techniques of UE dynamic adaptation to the maximum number of MIMO layers
As evaluated in [2], dynamic adaptation of UE antenna/maximum MIMO layer has significant power saving gain. The potential enhancement may include the gNB dynamically adapt the number of UE antennas or maximum MIMO layers. The dynamic adaptation can be achieved along with BWP switching.  However, currently the MIMO layer is configured per-UE per serving cell, therefore one enhancement could be allowing maximum MIMO layer to be configured per-BWP. The maximum MIMO layer can be switched by BWP switching or controlled by DCI/MAC CE. From RAN2 point of view, only signaling impact should be studied after RAN1 and/or RAN4 have made the decision. Thus, there may be on RAN2 impact in Study Item stage. 
Proposal 5: RAN2 should study and conclude the signaling impact due to the power saving techniques of UE dynamic adaptation to the maximum number of MIMO layers. 
Issue 1.5: Specify the UE assistance information for the associated power saving techniques.
In the SI scope, UE adaptation to the traffic and power characteristics should mainly focus on RRC connected mode. RAN1 has identified the UE assistance information to facilitate the UE adaptation and the corresponding benefit evaluation are shown to justify the UE assistant information. For example, UE preferred processing timeline, BWP configuration, antenna configuration, DRX configuration, PDCCH monitoring configuration, etc. RAN2 study should focus on procedure design and signaling structure for UE assistance information based on RAN1 study outcomes. Besides, how to trigger the UE assistance information should be also studied in RAN2. After RAN2#105bis meeting, a following email discussion was triggered after meeting. RAN2 need to furhter conclude what UE assistance information can be specified and how to specify.
Proposal 6: RAN2 should study and conclude on feasible procedure design and signaling structure for UE assistance information based on RAN1 study outcomes.
Issue 1.6: Mobility impact evaluation for RRM enhancement for power saving.
In RAN2#105bis meeting, it was agreed that RAN2 should evaluate RRM measurement relaxation in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE. The target is to reduce some measurement/measurement report with similar RRM accuracy and minor moblity impact in some scenarios, especially for low speed or stationary state.
RAN1 has identified the following four 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
4) Adapting/Relaxing inter-frequency measurements
RAN1 has concluded that adapting/relaxing RRM measurement in time domain has benefit and the moblity evaluation show marginal impact for stationay and low mobility UEs. And the main conclusion are made for relaxing/adapting measurement period, which has specification impact to be defined in RAN2/4. Besides, adapting/relaxing intra-/inter- frequency measurement, e.g. reducing the cell number or frequency number, is also beneficial in certain conditions. 
From RAN2 point of view, mobility impact for all RAN1 identified solutions should be studied. Given the limited time for RAN2 study, the evaluation results for for relaxing RRM in time domain solutions from RAN1 study shall be the starting point and the conclusion can be made based on that i.e. there is marginal impat on the mobility for low mobility (e.g., 3km/h) and stationary case. 
For other RRM power saving schemes in the TR, the power saving gain has been already concluded, while the mobility impact was not evaluated due to lack of time. RAN2 should continue discussion how to carry on the mobility evaluation, including the evaluation methodologies and the assumptions.

Proposal 7: RAN2 should evaluate and conclude the mobility aspects for the RRM relaxation solutions identified in the TR. The current available mobility evaluation results should be used as the starting point. 
Issue 1.7: RRM relaxation conditions.
As evaluated in the TR, there is marginal mobility impact for stationary or low mobility cases (0.26% handover failure rate for 3km/h case by 4 times increase of measurement period (from 200 ms baseline), and higher mobility impact fo high mobility cases. Furthermore, considering different services, e.g, eMBB services have greater tolerance on the handover failure, more scenarios is expected to suitable for relaxing measurment period in time-domain.  Whatever,  the stationary and low mobility (e.g., 3km/h) cases should be prioritized as the scenario for relaxing measurement period. As captured in the TR38.840, section 5.3, the simplest way without UE assistant information is based on the deployment/cell type, e.g. an indoor small cell can enable the relaxed measurement since there will not be high mobility UEs, while an macro cell do not enable the relaxed measurement, this is purely a gNB implementation. 

Other means of deriving UE mobility state may also be considered, e.g. gNB Doppler estimation or UE reporting of mobility state, but the implementation and specification impact should be studied further. 

In addition to without UE assistant information, the signal quality may also be considered, for example, UE can relax the measurement when it has favorable RSRP. The signal quality can be derived by UE. And how to adapt measuremnt period based on RSRP can be based on the gNB indication or gNB controlled UE autonomous adapting based on the RSRP threshold (similar to S-measure mechanism). And these mechanism are well captured in the TR38.840 section 5.3 and section 5.3.1.
Proposal 8: RAN2 should study and conclude on the conditions under which RRM measurements can be relaxed.
Issue 1.8: UE adaptation to the cell number reduction for RRM for intra- and/or inter-frequency cells.
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. 
Proposal 9: RAN2 should study the UE adaptation to the cell number reduction for RRM for intra- and/or inter-frequency cells.
2.2.2. RAN2 led topics 

Issue 2.1: Efficient state transition
The study item objective includes the study on 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 RAN2#105bis meeting, it was agreed that a mechanism for a UE to indicate to the network its preference of transitioning out of RRC_CONNECTED can be enabled. Thus, RAN2 should further conclude what kind of indication can be used as assistance information for the efficient state transition. 
Proposal 10: RAN2 should further conclude what kind of assistance information can be used for efficient state transition.
Issue 2.2: Power saving enhancements of paging procedure 
In RAN2#105 meeting, this topic has been discussed. It was agreed that: 
=> The WUS related paging will be down-prioritized in RAN2 for now. RAN2 can discuss if further evaluations are required after RAN1 progresses on their discussions.  

=> RAN2 will consider extending the DRX cycle length to 10.24 in idle and inactive mode. 

=> RAN2 will not study increasing it above 10.24s in this SID.
From RAN2 point of view, the false alarm issue for paging should be addressed. Thus, the corresponding evaluation and possible solutions can be discussed. 

After extending the DRX cycle length to 10.24s in idle/inactive mode, the corresponding possible impact should be studied in RAN2. 
Although down-prioritized, to complete the study item, the paging enhancements using PDCCH-based WUS should be also studied in RAN2. 

Proposal 11: RAN2 should study and conclude the false alarm issue for paging, possible impact after extending DRX cycle to 10.24s in idle/inactive mode, and paging enhancements using PDCCH-based WUS. 
Issue 2.3: C-DRX enhancement 
For C-DRX enhancement, the potential schemes and corresponding power saving evaluations for dynamic C-DRX parameter configuration with/without UE preferred DRX configurations are provided in the TR [2]. In RAN2#105bis meeting, some discussion on multiple DRX configuration happened. But there is no conclusion, and only agreed the UE assistance information for DRX configuration will be studied. From RAN2 point of view, UE assistance information for DRX configuration can be discussed in Issue 1.5. 
Proposal 12: RAN2 should further conclude the dynamic C-DRX parameter configuration and switching with/without UE preferred DRX configurations.
3. Conclusion
In this contribution, we discuss the list the issues to be addressed in RAN2 for completing this power saving study item. Based on the discussion, we have the following observation and proposals:
Observation 1: Any RAN2 led topics or the RAN2 impacts due to RAN1 led items were not included in the WID, which can be further updated in June RAN plenary meeting based on RAN2 discussion and conclusion to these topics.
Proposal 1: RAN2 should address all RAN2 led topics and the RAN2 impacts due to RAN1 led items during study item phase in Q2, while the output can be applied to update the power saving WID in June.

 Proposal 2: RAN2 should further conclude the procedure for the WUS to control PDCCH monitoring based on the content of DCI.. 
Proposal 3: RAN2 should conclude the potential RAN2 impact on DRX procedure due to DCI-based mechanism in skipping PDCCH monitoring, and discuss the potential RAN2 impact on switching PDCCH monitoring periodicity, if any. 
Proposal 4: RAN2 should study the solution to reduce the SCells monitoring, and any impact due to the power saving techniques of UE adaptation to the BWP operation, if any. 
Proposal 5: RAN2 should study and conclude the signaling impact due to the power saving techniques of UE dynamic adaptation to the maximum number of MIMO layers. 
Proposal 6: RAN2 should study and conclude on feasible procedure design and signaling structure for UE assistance information based on RAN1 study outcomes.
Proposal 7: RAN2 should evaluate and conclude the mobility aspects for the RRM relaxation solutions identified in the TR. The current available mobility evaluation results should be used as the starting point. 
Proposal 8: RAN2 should study and conclude on the conditions under which RRM measurements can be relaxed.

Proposal 9: RAN2 should study the UE adaptation to the cell number reduction for RRM for intra- and/or inter-frequency cells.
Proposal 10: RAN2 should further conclude what kind of assistance information can be used for efficient state transition.
Proposal 10: RAN2 should further conclude what kind of assistance information can be used for efficient state transition.
Proposal 11: RAN2 should study and conclude the false alarm issue for paging, possible impact after extending DRX cycle to 10.24s in idle/inactive mode, and paging enhancements using PDCCH-based WUS. 
Proposal 10: RAN2 should further conclude what kind of assistance information can be used for efficient state transition.
Proposal 11: RAN2 should study and conclude the false alarm issue for paging, possible impact after extending DRX cycle to 10.24s in idle/inactive mode, and paging enhancements using PDCCH-based WUS. 
Proposal 12: RAN2 should further conclude the dynamic C-DRX parameter configuration and switching with/without UE preferred DRX configurations.
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