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1 Introduction

In RANP #86, the WI was approved to further specify enhancements for UE power saving in Rel-17 on the top of Rel-16 schemes [1].
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]

a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]

· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100 meeting

b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]

· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required

2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]

a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 

· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.

b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]

· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS


This paper aims to discuss the objectives in the WID from RAN2 point of view and RAN2 scope for UE power saving.
2 Discussion
2.1 Enhancements for RRC_IDLE/RRC_INACTIVE UE power saving
Based on the Justification in the WID:
In Rel-17, additional enhancements are required to address outstanding issues in Rel-16, namely idle/inactive-mode power consumption in NR SA deployments, considering both eMBB UEs and Reduced Capability NR Devices, connected-mode power consumption with FR2 deployments, and optimizing network utilization of Rel-16 UE assistance information.

The enhancements to reduce power consumption for UE in RRC_IDLE/RRC_INACTIVE are required to consider both eMBB UEs and Reduced Capability NR Devices. In the SID on Study on support of reduced capability NR devices [2], UE power saving for reduced capability UEs is one of the objectives. To avoid duplicated work, the enhancements for idle/inactive-mode UE power saving in this WI, such as paging enhancement and introduction of additional TRS/CSI-RS occasion(s), will not be discussed in the SID of REDCAP but technically any enhancements specified as part of power saving enhancements WI can be extended to Reduced Capability NR Devices for power saving purpose. Thus, eMBB and Reduced Capability NR UEs should be considered jointly and a unified design is preferred. Besides, the specific enhancements (e.g. eDRX, RRM relaxation) for Reduced Capability NR UEs are not excluded and can be studied in REDCAP SID.
Proposal 1: A unified design in this WI is considered for both eMBB and Reduced Capability NR UEs for RRC_IDLE/RRC_INACTIVEUE power saving.
Due to the introduction of RRC_INACTIVE, CN paging and RAN paging are possible. However, from AS perspective, the UE behaviour for each case is similar because the RRC connection is released and UE needs to perform paging monitoring, RRM measurements, SI reception, etc. Moreover, the enhanced solution should mainly focus on RAN, and CN impact should be minimised. Thus, a unified AS design for both RRC_IDLE and RRC_INACTIVE is preferred, but different signalling may be needed for RRC_IDLE and RRC_INACTIVE, e.g. using system information or RRC dedicated messages to carry configuration or other information.
Proposal 2: A unified design in this WI is considered for both RRC_IDLE and RRC_INACTIVE.
1.1.1 Paging enhancement
UE procedures for paging reception are the same for FR1 and FR2. The enhanced scheme should be applicable to both FR1 and FR2, therefore a unified design for paging enhancement should be considered for both FR1 and FR2, and any enhancement specifically for paging reception in FR2 is not needed if no special issue for FR2 is identified.
In LTE Rel-15 NB-IoT and eMTC, the sequence-based WUS (Wake Up Signal) was introduced for paging reception for power saving purpose. The power saving gain is proven to be significant in NB-IoT due to the fact that the power saving signal can indicate UE to skip the processing of PDCCH and PDSCH with up to thousands of repetitions. 
However, for eMBB UE, it is not clear that there is a significant gain for introduction of sequence-based WUS but does lead to implementation complexity in the device. If there is an additional receiver (circuit with lower power consumption) in the device, the power consumption may be reduced for monitoring sequence-based WUS, but the implementation complexity in the device due to the introduction of additional circuit for eMBB UE seems unacceptable; if there is no additional receiver in the device, the power saving gain for receiving sequenced-based WUS is limited compared with receiving paging DCI since the same receiver is used. Considering the balance between power consumption and implementation complexity, sequenced-based WUS is not preferred for paging enhancement in Rel-17.
Proposal 3: Sequenced-based WUS is not considered in Rel-17.
1.1.2 Introduction of additional TRS/CSI-RS occasion(s)
In the WID, it is clear that providing potential TRS/CSI-RS occasion(s) available in connected mode to RRC_IDLE/RRC_INACTIVE UEs can be specified with minimal system overhead impact. The technical discussion will start first in RAN1, however from RAN2 point of view, there may be some potential impact , e.g. the configuration of additional RS, the change indication of additional RS, etc.
For example, which signaling is used to carry configuration of additional RS, two potential options can be considered: using system information (i.e. SIB) or paging message to broadcast the configuration or configuring the UE with the resource(s) before the UE transitions from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE (i.e. RRCRelease message). Using SIB is simple and it also applies to RRC_IDLE/RRC_INACTIVE UEs camping in the cell without connecting to network beforehand, but how to inform RRC_IDLE/RRC_INACTIVE UEs about the availability of these additional RS needs further consideration. If SI modification mechanism is reused for change of additional RS, it needs to be considered whether the change of additional RS would be frequent, and hence signaling overhead and additional power consumption for SI reception.
Proposal 4: RAN2 starts the relevant work on additional TRS/CSI-RS based on RAN1 progress.
2.2 Enhancements for RRC_CONNECTED UE power saving
DCI-based power saving adaptation is in RAN1 scope based on the WID. However, some possible approaches may have impact on RAN2, e.g., DCI-based DRX enhancements. For instance, in order to avoid the UE performing unnecessary PDCCH monitoring when there is actually no transmission afterwards, a potential way for adaptation can be to adjust the operation of DRX timers dynamically on the basis of UE traffic via DCI for reducing unnecessary active time. Take the drx-InactivityTimer, which accounts for a large part of DRX active time, as an example. If the current remaining active time is sufficient for subsequent transmissions, it can be beneficial to avoid restarting the drx-InactivityTimer and/or drx-RetransmissionTimerDL/UL such that the UE can go back to sleep sooner with less or no additional PDCCH-only monitoring. According to the evaluation results in [2], a power saving gain of 6.7% ~ 37.5% can be achieved by use of this scheme. Furthermore, it is beneficial to UE power saving to avoid transmitting unnecessary CSI and SRS by stopping drx-InactivityTimer and/or drx-RetransmissionTimerDL/UL in time.
Observation 1: From RAN2 point of view, the network can use DCI to explicitly indicate to the UE to stop or not-restart the DRX inactivity timer and/or drx-RetransmissionTimerDL/UL.

Proposal 5: RAN2 evaluates the solutions with potential MAC impact for DCI-based power saving adaptation in connected mode, if introduced by RAN1.
Regarding UE measurements relaxation for RLM and/or BFD, the feasibility and performance evaluation should be studied first in RAN4 as radio link maintenance of the serving cell influences the system performance. UE measurements for RLM and/or BFD can only be relaxed with minimal impact on data transmission. If relaxation of the corresponding requirements is agreed to be specified in RAN4, then supplementary RAN2 work is needed, e.g. the criteria of measurements relaxation for RLM and/or BFD, then RAN2 starts the relevant work.
Proposal 6: RAN2 waits for RAN4 progress before starting the relevant work for the RLM and/or BFD measurements relaxation.
3 Conclusion and Proposals
In this contribution, the objectives in the WID and RAN2 scope are discussed with the following proposals:
Enhancements for idle/inactive-mode UE power saving

Proposal 1: A unified design in this WI is considered for both eMBB and Reduced Capability NR UEs for RRC_IDLE and RRC_INACTIVE UE power saving.
Proposal 2: A unified design in this WI is considered for both RRC_IDLE and RRC_INACTIVE.
Proposal 3: Sequenced-based WUS is not considered in Rel-17.
Proposal 4: RAN2 starts the relevant work on additional TRS/CSI-RS based on RAN1 progress.
Enhancements for connected-mode UE power saving

Observation 1: From RAN2 point of view, the network can use DCI to explicitly indicate to the UE to stop or not-restart the DRX inactivity timer and/or drx-RetransmissionTimerDL/UL.

Proposal 5: RAN2 evaluates the solutions with potential MAC impact for DCI-based power saving adaptation in connected mode, if introduced by RAN1.

Proposal 6: RAN2 waits for RAN4 progress before starting the relevant work for the RLM and/or BFD measurements relaxation.
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