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Abstract of the contribution: This contribution summarize the email discussions of UE power saving enhancements for Rel-17 NR. Update in RP-193089 is to include the log link to the pre-meeting discussion and the corresponding outcome.
1 Overview
In June RAN #84 meeting [1], the work area of power saving enhancements for Rel-17 is agreed for further discussion after Sep meeting. In Sep RAN #85 meeting [2], the contribution [3] is presented and considered as the reference of initial scope for the email discussion. Solution-wise, connected-mode DRX and L1/BWP-based power saving adaptations will be evolved, targeting both reduced UE power consumption and system impacts (including latency and data interruption). Use-case-wise, latency sensitive eMBB services (e.g. cloud gaming, AR, VR, XR, etc.) and SA deployment will be taken into consideration for power saving enhancements. On the other hand, network power saving will be separately discussed in another email thread.
In this contribution, companies’ views for Rel-17 UE power saving enhancements will be collected and summarized. To consolidate the work area scope, the following sections are structured in a solution-oriented manner, covering DRX, L1-based power saving and idle/inactive mode power saving:
	Section#
	Section Title
	Purpose
	Note

	Section 2
	Power saving enhancements to connected-mode DRX (cDRX) operations
	To identify enhancements to Rel-15 and Rel-16 cDRX designs
	NR-U power saving by enhancing existing cDRX and L1-based solutions can be included

	Section 3
	Enhancements to L1-based power saving adaptations
	To identify enhancements to Rel-15 and Rel-16 BWP-based power saving adaptations, Rel-16 power saving signal/channel, and potentially new L1-based power saving design for latency-sensitive eMBB services
	

	Section 4
	Power saving enhancements for idle/inactive mode 
	To identify enhancements to reduce the idle/inactive mode power consumption for SA deployment
	To prevent scope overlapping with NR Light, this email discussion focuses on solution(s) under shorter paging cycles (<= 2.56 sec)

	Section 5
	Others
	To identify enhancements not in the above categories
	Potential overlapping with other work area(s) should be noted



To facilitate convergence of stable scope items, this email discussion will go over the following phases:

· Phase-1 discussion (till 10/24 23:00 PST): Target 1st  set of stable and unstable items for further discussion
· Phase-2 discussion (10/28 09:00 - 11/14 23:00 PST): Target 2nd set of stable items and the remaining unstable items. This allows companies to discuss 2nd outcome during Nov WG meeting (11/18 - 11/22).

· Pre-meeting discussion (11/30 9:00 - 12/4 21:00 PST): Further consolidate the draft WID scope for RAN#86
2 Power Saving Enhancements to Connected-Mode DRX Operations
2.1 Initial scope for 1st phase email discussion

DRX is a fundamental power saving solution for Rel-15 NR. In Rel-16, power saving signal/channel is included to make DRX more adaptive to different data arrival statistics. On top of the Rel-15 and Rel-16 solutions, power saving enhancements are still needed for FR2 and FR1 (e.g., NR-U), and the following initial scope is suggested [3]: 
1) Specify power saving enhancement(s) for connected-mode DRX operations [RAN2, RAN1, RAN4]

a) Specify enhancement(s) for reducing PDCCH monitoring power consumption, considering multi-beam, carrier-aggregation, multi-TRP, unlicensed access and/or dual-connectivity operations [RAN2, RAN1]

b) Specify cell/beam measurement relaxation, especially for short DRX cycle [RAN2, RAN4]

c) Specify RS assistance to UE warm-up (e.g., time/frequency/beam tracking) for DRX on-duration and/or WUS occasion [RAN1, RAN2]

To consolidate the scope for power saving enhancements to cDRX operations, companies are invited to provide suggestions in the following Table 1. Should any feedback pertain to any of a), b) or c) above, please refer to a), b) or c) respectively.
Table 1: Companies’ views on power saving enhancements to UE DRX operations

	Company name
	Suggestion(s)

	Nokia
	We see that the detailed objectives for power saving enhancements for the connected mode DRX operations can only be defined once the Rel-16 enhancements are decided. The target should be to align the solutions and avoid further divergence of UE power saving solutions. As the Rel-16 UE power saving WID and related decisions are still ongoing, we see that it is not yet possible to formulate the detailed objectives to be built on top of the Rel-16 solutions. Instead of discussing detailed solutions it would be important to discuss use cases and targets for UE power saving enhancements first.

	
	

	Ericsson
	a): In the area of PDCCH monitoring improvements for Scell, the Rel-16 UE PS WI is expected to provide optimized mechanisms for Scell power savings. Also, the dormancy-like behavior framework is being specified in the Rel-16 MR/DC and thus we do not see the need for further work in this area. 

b): In the RRM optimization area, power saving benefits may be available from linking L3 measurement configurations in connected mode without changing/relaxing the measurement requirements (e.g. sequential execution of measurement objects), 

c): Evidence for power saving gains from assistance RS was weak in Rel-16 and did not justify the NW resource and NW EE impact of the feature. The area should therefore not be considered in Rel-17. In this case and in general, topics that were studied in the Rel-16 SI and not prioritized for the Rel-16 WI should not be revisited in Rel-17 unless there is a clearly different power saving gains potential due to a different use case or scenario. This does not appear to be case with this and other areas mentioned in the proposed email discussion topic list.

	
	

	Sony
	We are generally OK with items 1a, 1b and 1c. 

For 1b, A later phase of this email discussion should clarify whether Rel-16 measurement relaxation should be the baseline (we have a slight preference for this) or whether IDLE and connected mode measurement relaxation should evolve independently. 



	
	Another aspect that we would like to be considered in Rel-17 is dynamic change of DRX configuration, either through signalling (DCI or MAC CE) or via implicit mechanisms. The motivation here is that while there might be an optimal DRX configuration for a certain traffic type, such a fixed configuration is not optimal for mixed traffic types. Once data for a certain traffic type has started within a DRX cycle, it should be possible to dynamically change the DRX configuration to one that is suitable for that traffic.

	Samsung
	1-a) We generally OK on this.

1-b) We share the similar view with Ericsson. We already have discussed this issue during Rel-16 SI phase, but the benefit was questionable without the measurement requirement relaxation. 

1-c) We are not convinced the additional RS has benefit for UE power saving. In our perspective, it is more related to fast state transition rather than power saving. In addition, we think many of things related to this issue can be resolved by UE implementation without any help of additional RS.

	
	

	Verizon
	We think DRX operation is still the foundation of UE power saving. At least for FR2, we would like to first make sure the baseline DRX + the wake up scheme working well with beam management and then working well with beam management and the Scell enhancement features in Rel-16 MR/DC. Then everything else should be built on top of them in an incremental fashion, based on the additional merit it may bring, e.g., more aggressive PDCCH monitoring adaptation, variable on-duration configuration may be considered if the combinations of baseline features are not satisfactory. We are not sure if all the above can be all completed in Rel-16 so Rel-17 is likely needed to continue the work. We also feel Rel-16 provided many new tools but how can they be used together complementing each other has not been thoroughly understood, so there will likely be many problems when we try to piece them together into integrated solutions and apply them to the real system. We will need Rel-17 to fix them. We also like R17 power saving WI to include power optimization of popular services with distinct traffic patterns, e.g. XR.

	
	We are interested in power saving in multi-RAT e.g., EN-DC, NR-NR DC, as well as multi-TRP/multi-panel environment and wondering if any optimization leveraging the connection structure is beneficial. 

	Qualcomm
	We are generally supportive for the above main objective. In our view, Objective 1a covers some of the aspects which may not be sufficiently considered in Rel-15/16 C-DRX enhancements (except perhaps for carrier aggregation which is still under RAN2 discussion for Rel-16). Objective 1b is useful for reducing the power overhead for cell measurement (e.g. RLM) and beam measurement, especially for short DRX cycle driven by low latency traffic requirements. C-DRX cycle with short periodicity (e.g. ~16 msec) will be required to support low latency traffic applications, which were not sufficiently considered in Rel-16 UE power saving targeting existing EMBB use cases and applications. It can be observed that new use cases and applications are emergent for NR EMBB and it would be important to consider C-DRX enhancements to ensure it will continue to be effective.

	
	

	Apple
	We are fine with overall scope. Especially we agree with putting the focus in optimizing power consumption in FR2 since during R16 there was not much discussion and emphasis/study in FR2. In addition to the FR2 centric topics, we think DRX and existing PS techniques should be further  enhanced to make them more useful in practical scenario, e.g., by considering joint operation of DRX and other PS schemes.

NR has multiple features allowing UE to adapt UE operation / power consumption to different traffic arrival. However, those features are mostly independently configured/operated. Since CDRX is an autonomous mechanism for adapting to dynamic traffic arrival, the operation of those features could be associated with DRX operation. This could potentially simplify operation of the features and make them more effectively used. We would like to add following topic.

Association of DRX operation with BWP, cross slot scheduling, WUS, and/or CA/DC.

	
	

	CATT
	1) Specify reducing PDCCH monitoring techniques with consideration of mulit-beam/multi-TRP operation and operation in unlicensed band [RAN1, RAN2]

2) Specify power saving enhancement(s) for connected-mode DRX operations [RAN2, RAN1, RAN4]

a) Specify the temporary RS in assistance to UE power saving [RAN1, RAN2]
b) Study and specify of power saving techniques with UE adaptation to the DRX operation in NR DC, EN-DC, and NE-DC

c) Specify the dynamic DRX configuration 


	
	The PDCCH monitoring reduction could be achieved with/without DRX configuration.  Thus, it would be better to be a standalone bullet item and not a sub-bullet item item under DRX enhancement.  

The cell/beam measurement relaxation was not studied in Rel-16 UE power saving study.  The benefit of the power saving gain with cell/beam measurements relaxation is not clear.

The additional RS (temporary RS) had shown the power saving gain in different power saving techniques.   The additional function, such as time/frequency/beam tracking is mostly UE implementation and should not be included in the objective of UE power saving 

For MR DC (NR DC, EN-DC, NE-DC), the UE adaptation to DRX operation was discussed but not concluded during Rel-16 study.  We should study and identify the power saving technique of UE adaptation to the DRX operation in MR DC

The power saving gain had been shown with dynamic DRX configuration in Rel-16 UE power saving study.  We should include this item in the enhancement of DRX operation in Rel-17.

	vivo

	a) PDCCH monitoring reduction which includes WUS for short DRX, WUS enhancement for FR2/multi-beam, e.g. WUS beam sweeping, WUS enhancements for unlicensed band operation, if any. 

	
	b) The measurement relaxation should consider the following

· RRM measurement reduction for serving and neighbour cells in RRC_CONNECTED mode has been studied and considerable gain has been shown as captured in TR38.840 section 5.3.1. The RRM measurement reduction in RRC_CONNECTED mode should at least include the relaxation of measurement period. 
· In Rel-16, regardless of whether UE is waked up by WUS or not, RLM/BFD related measurement should be performed per DRX cycle which causes additional power consumption. Therefore, Re-17 should consider RLM/BFD relaxation such that UE is not required to perform RLM/BFD in every DRX cycle when not indicated to wake up by WUS. 

	
	c) Additional RS around WUS (if provided by network) can be beneficial for reducing UE activity when UE is indicated by WUS to not monitor the coming DRX on duration. The performance benefit is reported in TR38.840 section 5.3.3. We propose to study the utilization of additional RS around WUS (additional RS) by UE to perform RRM/RLM/BFD related measurements. 

	Intel
	We are positive to study power saving enhancements to C-DRX for new selected potential areas/use cases that were not in scope or adequately addressed in Rel-16.  

1-a) lists quite a few areas and it may not be practically possible to address such as broad scope in Rel-17. In particular, CA and DC cases have been considered in Rel-16 (e.g., WUS DCI design considering Scell dormancy in CA and monitoring conditions in CA and DC), we suggest to remove them due to the limited time in R17 and to focus on the study on new enhancements. In particular, multibeam operation, i.e., optimizing operation considering FR2, unlicensed access, can be initially considered in our opinion. Agree with Ericsson that we need to identify more concrete use cases and targets for UE power saving first, and consequently, it may be premature to consider ‘specify’ enhancements for new identified areas before adequate evaluations are performed and clear use cases are identified.

We are supportive of 1-b) and 1-c). Regarding 1-b), some conditions may need to be satisfied to minimize performance impact similarly as it was considered for Rel-16 RRM measurement relaxation in IDLE/INACTIVE (i.e. whether it is only applicable in limited scenarios such as low mobility cases and not in cell edge locations).



	
	C-DRX operation typically is used considering latency tolerant transmissions. However, some high data rate low latency applications (e.g., XR) may also leverage C-DRX operation for UE power saving, where there can be scope for enhancements such as dynamic C-DRX operations. Dynamic C-DRX may also be beneficial in unlicensed access as well, in particular, adapting C-DRX operation based on COT. Hence, we propose to include study on dynamic C-DRX operation in the Rel-17 scope.

	OPPO
	We are fine with the general scope of Objective 1a/1b/1c. There need some further progress in the ongoing work of RAN2. It includes multiple DRX timers in Rel-16 TEI. We need to finalize the description of 1a based on the results whole Rel-16 progress. 1b is useful for reducing the power consumption by beam and cell operation. It should target on short DRX cycle.RS warm-up assistant is also beneficial to have.

	
	

	LG
	a) PDCCH monitoring reduction (including both single beam and multi-beam) is a general enhancement and not need to be specific for DRX. In addition, we think power saving in multi-TRP, unlicensed access and/or dual-connectivity operation is not urgent for Rel-17 

b) In Rel-16, it was already identified in power saving WI that there is no significant benefit from cell/beam measurement relaxation in RRC_CONNECTED. Only RRM measurement relaxation in RRC_IDLE/INACTIVE was identified to be beneficial, and included in Rel-16 power saving scope. We still think that cell/beam measurement relaxation in RRC_CONNECTED doesn’t provide significant benefits. Moreover, cell/beam measurement relaxation in Short DRX cycle would lead to scheduling delay, and we think providing fast scheduling opportunity for the UE is more important than power saving during Short DRX cycle. 
c) Need to check Rel-16 status. In any case, study is necessary on the power saving gain before decide on specification

	
	

	Deutsche Telekom
	Our first preference would be to study a) above, considering practical CA/DC deployment scenarios. This is based on the observation in TR 38.840 according to which a significant power saving for CA/DC is expected by reducing PDCCH monitoring power consumption for SCell operation with sporadic traffic or long data inactivity in SCell(s). 

Second preference is b) cell/beam measurement relaxation for certain conditions (e.g., favourable RSRP conditions, etc.) for RRC IDLE/INACTIVE/CONNECTED states. We are in favour of network-controlled measurement period setting based on the conditions and NOT autonomous UE RRM measurement adaptation.

If time permits, then c) is the 3rd in rank preferred sub-item.

In our view, more emphasis should be put in FR1 rather than FR2.

	
	

	ZTE
	1- b) We agree with Ericsson and Samsung that the power saving gain of RRM measurement relaxation for RRC connected mode are questionable, e.g., the power consumed by data transmission was not included. And the impact of  handover failure rate should be considered. 
Besides, the power saving gain and impact on beam failure of the relaxation on beam management needs further study.

	
	

	MTK
	This item can be consolidated to focus on cDRX enhancements for FR2 power saving as well as accommodating new R16 unlicensed operations. For RS assistance, it can be part of functionality enhancement to WUS PDCCH and addressed in another item. In this regard, we also suggest to make the item purely led by RAN2 with following revisions:

1. Specify power saving enhancement(s) for connected-mode DRX operations [RAN2]

a) Specify enhancement(s) for reducing UE power consumption in PDCCH monitoring and beam/cell measurement, considering multi-beam operations in FR2 [RAN2]

b) Specify enhancement(s) for cDRX mechanism considering unlicensed access operations in FR1 [RAN2]

	
	

	Huawei, HiSilicon
	This objective should be re-discussed once there is better visibility on what will eventually be specified for UE power savings in connected-mode DRX operation in Rel-16. In general, an objective such as 1a with so many scenarios is too broad and would surely overload RAN.

For reducing PDCCH monitoring power consumption, we would prefer to enhancements to improve applicable with/without DRX, such as introducing a mechanism for scheduling PDSCH from multiple cells with a single PDCCH (see our response to L1-based savings in section 3).

For objective 1b: some enhancement/relaxation on beam measurement can be handled by implementation. The gain from a standardized solution is not clear.
Objective 1c on providing RS assistance to UE warm-up PO for idle DRX should be considered first for idle/inactive mode (i.e. in section 4).

	
	

	Spreadtrum
	1a) Multiple C-DRX configurations can be considered in R17.

1b) Cell/beam measurement relaxation can be considered in R17.

1c) Additional RS to assist UE warm-up for DRX on-duration has been proposed by some companies in R16. Additional RS can be AP-TRS. It was shown by some companies in R15 AP-TRS is beneficial in some use cases, e.g. BWP switch, SCell activation. Especially for SCell, NW can configure sparse P-TRS and rely on the P-TRS and AP-TRS together to assist UE synchronization, and thus both UE power saving gain and small NW overhead are achieved. After introduction of L1-based SCell dormancy, AP-TRS mechanism can be more beneficial in transition from dormancy-like to non-dormancy-like state. The spec impact is limited due to reusing AP-TRS.

	
	Dedicated narrowband CORESET for the WUS PDCCH can be considered to enable UE open the narrowband RF when detecting the WUS PDCCH.

	CMCC


	We think the current scope of 1) is very broad and we should focus on the most important aspects. From our point of view, power saving mechanisms in Rel-16 are not optimized for FR2, especially considering that the robustness of beam-related procedures may be impacted by the current Rel-16 power saving schemes, e.g., the beam failure recovery may occur more often when WUS is used in FR2. Therefore, some enhancements for multi-beam related procedures could be considered for FR2 in Rel-17 at least to improve the robustness in power saving mode.  

	
	

	Futurewei
	a) In general we are fine to further look into PDCCH monitoring reduction, but it may be addressed in other WIs for specific solutions associated to multi-beam, carrier-aggregation, multi-TRP, unlicensed access and/or dual-connectivity operations. This objective can be revisited taking into account what will be specified in the ongoing Rel-16 work and the Rel-17 objectives of other WIs .
b) This has already been discussed in Rel-16. This should not be prioritized in Rel-17.

c) This has already been discussed in Rel-16 and the benefits are not clear. This should not be considered in Rel-17.

	
	

	InterDigital
	a) We are generally fine with this item.
b) The benefit of cell/beam measurement in connected mode is not clear. We share the same view as Ericsson and Samsung.

c) The additional RS for UE power saving was discussed during Rel-16 SI and there was no consensus on its potential gains.

	
	


2.2 Suggestion for 2nd phase email discussion

Table 2 summarizes the statistics of the support for each sub-item and new proposals suggested. It can be observed that the sub-item a) is of the highest support, followed by sub-item c) and then sub-item b). For the proposals, “dynamic adaptation to cDRX configuration” is the one of the highest support. To assist 2nd mail discussion, we can prioritize revising sub-items a) and c) for and keep discussing/redefining sub-item b) for higher support.
Table 2: Statistics of support on enhancements for connected-mode DRX operations
	1) Specify power saving enhancement(s) for connected-mode DRX operations [RAN2, RAN1, RAN4]

	a) Specify enhancement(s) for reducing PDCCH monitoring power consumption, considering multi-beam, carrier-aggregation, multi-TRP, unlicensed access and/or dual-connectivity operations [RAN2, RAN1]
	Support (14): Sony, SS, VZ, QC, Apple (FR2), CATT, VIVO, Intel (FR2, NR-U), OPPO, DT, MTK (FR2, NR-U), Spreadtrum, CMCC (FR2/BM), IDC
Oppose (4): E///, LG, HW, HiSi (prefer L1)

	b) Specify cell/beam measurement relaxation, especially for short DRX cycle [RAN2, RAN4]
	Support (10): Sony, VZ, QC, Apple, VIVO (incl. RLM/BFD), Intel (min. performance impact), OPPO, DT (network-controlled), Spreadtrum, IDC

Oppose (8): E///, SS, LG, ZTE, HW, HiSi, Futurewei. CATT (need to evaluate performance and confirm if needed)

	c) Specify RS assistance to UE warm-up (e.g., time/frequency/beam tracking) for DRX on-duration and/or WUS occasion [RAN1, RAN2]
	Support (11): Sony, VZ, QC, Apple, CATT, VIVO, Intel, OPPO, DT (if time permits), Spreadtrum (A-TRS), IDC
Oppose (5): E///, SS, HW, HiSi (idle mode), Futurewei

	Others:
· Dynamic adaptation to cDRX configuration (Sony, CATT, Intel, Spreadtrum)

· cDRX enhancements for latency sensitive eMBB services, e.g., XR (QC, VZ)

· Associate DRX operation with BWP, cross-slot scheduling, and/or CA/DC (Apple)

· Dedicated CORSET for WUS PDCCH (Spreadtrum)


For the original sub-item a), removing carrier-aggregation is suggested since SCell dormancy behaviour adaptation is being developed in Rel-16. Enhancements of power saving with useful features for FR2, including beam-management, multi-TRP/multi-panel and dual-connectivity are of strong interest, and thus sub-item a) can be consolidated toward this aspect. Regarding FR1, unlicensed access is newly specified in Rel-16, where UE is required to perform intensive monitoring for opportunistic access. Whether and how cDRX framework can be enhanced for UE power saving with unlicensed access is thus important for practical NR-U deployments. To jointly investigate the enhancement for latency sensitive eMBB services (e.g., XR, cloud gaming, edge computing, etc.), a separated item is created.
For the original sub-item c), there is certain supporting level, and we suggest further discussion/revision for potential consensus. For the original sub-item b), proponents can provide more justification for resolving the related concerns.

By the above,  Table 3 summarizes sub-items for enhancement(s) for connected-mode DRX operations suggested for 2nd email discussion. The non-colored sub-items can be prioritized for revision in order to achieve consensus.

Table 3: Enhancements for connected-DRX operations suggested for 2nd email discussion

	1) Specify enhancements for connected-mode DRX operations [RAN2, RAN1, RAN4]

a) Specify enhancement(s) for reducing PDCCH monitoring power consumption, considering beam-management (with measurement and reporting), multi-TRP/multi-panel and dual-connectivity operations [RAN2, RAN1]

b) Specify, if agreed, cDRX framework enhancement(s) for unlicensed access and latency sensitive eMBB services (e.g., XR, cloud gaming, edge computing, etc.)  [RAN2, RAN1]

c) Specify, if agreed, RS assistance for DRX on-duration and/or WUS occasion [RAN1, RAN2]

d) Specify, if agreed, cell/beam measurement relaxation, especially for short DRX cycle length [RAN2, RAN4]

e) Specify, if agreed, dynamic adaptation to cDRX configuration [RAN2, RAN1]


3 Enhancements to L1-Based Power Saving Adaptations
3.1 Initial scope for 1st phase email discussion
In Rel-15, BWP framework is developed to apply one of pre-configured RRC setting(s) via DCI indication. When the RRC parameter(s) related to UE power consumption is adapted, BWP framework can be utilized as L1-based UE power saving solution. In Rel-16, BWP framework is enhanced to include adaptation of maximum MIMO layer number and, within an active BWP, new L1 adaptation for K0, K2 and A-CSI-RS triggering offset. The power saving signal/channel introduced in Rel-16 can also be utilized to trigger link setting adaptations [4]. Consequently, BWP framework and power saving signal/channel are two important L1-based techniques for further enhancements. To accommodate latency-sensitive eMBB services (e.g. cloud gaming, AR, VR, XR, etc.), new L1-based solution can be investigated and specified if needed. Considering the above, the following initial scope is therefore suggested [3]. Note that the following yellow terms are pending for phase-1 discussion because of the related RAN1/2 discussions triggered by RP-192326 and the related RAN4 discussions triggered by Rel-16 UE power saving WID and R1-1909893.
1) Specify enhancement(s) for L1-based power saving techniques [RAN1, RAN2, RAN4]

a) Specify enhancement(s) for power saving signal/channel reliability, considering miss-detection due to beam and/or LBT failure and false-alarm [RAN1, RAN2]

b) Specify enhancement(s) for triggering power saving adaptations using power saving signal/channel, including triggering BWP switch on specific parameter(s), [SCell dormancy behaviour switch] and A-CSI report without PDCCH monitoring [RAN1, RAN2]
c) Study and specify, if needed, DCI-based scheme to trigger aperiodic short-term PDCCH monitoring skipping for latency-sensitive eMBB services, based on short DRX or no DRX [RAN1, RAN2]
d) [Specify enhancements for BWP switch with difference only in power saving related parameter(s), including PDCCH monitoring setting, CSI setting, TDRA table, and/or maximum number of MIMO layers: 

i)  Allow UE to indicate reduced BWP switch delay and interruption time [RAN4]
ii) Reduce RRC signalling overhead for BWP configuration [RAN2]]
To consolidate the scope for the enhancements to L1-based power saving adaptations, companies are invited to provide suggestions in the following Table 2. Should any feedback pertain to any of a), b), c) or d) above, please refer to a), b), c) or d) respectively.
Table 4: Companies' views on enhancements to L1-based power saving adaptations

	Company name
	Suggestion(s)

	Nokia
	We would also like to discuss if UE power savings are feasible in high activity mode, which generally is not power saving situation or mode. Instead in these cases latency is important. We would like to minimize L1 impacts and changes and rather focus on protocol enhancements and developing suitable UE requirements. If aspects like CSI reporting together with WUS while UE is using power saving methods are not completed in Rel-16, they should be completed in Rel-17.

Divergence towards many different solutions for UE power saving purposes should be avoided in Rel-17 work.

In our view there are already many solutions for UE power saving purposes and no new solutions should be specified so that the divergence in UE support does not get bigger. Instead, Rel-17 should focus on enhancing the Rel-16 solutions is something further is needed.  At the moment it is not clear what is needed on L1 on top of the Rel-16 UE power saving solutions.

	
	

	Ericsson
	a): Power saving signal/channel reliability is being currently treated in Rel-16. It should be finished in the current release and not extended into Rel-17.

b): Additional signalling functionality in the power saving signal/channel, especially duplicating already available configuration and command info, is undesirable from the coverage perspective and should not constitute a work area for Rel-17.

c): Since cDRX is a key power saving mechanism that is well established and proven, there is not clear motivation to study approaches that do not utilize the cDRX framework or duplicate functionality that is already supported.

c): In the Rel-16 NR-U WI, a dynamic L1-based SS switching mechanism has been agreed and that should be available for all deployment contexts. The mechanism will enable SS adaptation that can be used for active time PS. In the presence of a flexible SS switching scheme, a separate mechanism for the PDCCH skip is not motivated.

d): Since multiple Rel-16 UE power saving features utilize the BWP switching mechanism for RRC reconfiguration purposes, shortening the BWP switching delay for switching instances without RF and SCS changes should be considered by RAN4.

	
	

	Sony
	2a, 2c and 2d are of interest to us. Specific comments on these aspects are:

· 2a. Reliability is important to make sure that the state of UE and gNB remain aligned. The reasons for miss-detection should not be limited to beam / LBT failure, but for other cases of miss-detection too (e.g. just an SNR / BLER issue). Our preferred wording would be “Specify enhancement(s) for power saving signal/channel reliability, considering miss-detection due to beam and/or LBT failure and false-alarm [RAN1, RAN2]”
· 2c. PDCCH monitoring skipping could also be applicable during the long DRX DRX_ON duration (e.g. running of the inactivity timer). Why is this limited to short DRX and no DRX?

	
	

	Samsung
	2-a, b, c) We are generally OK. Depending on the outcome from Rel-16 NR-U, we can further modify/optimize the work scope for the potential enhancement.

2-d) We are not sure that L1-based parameter adaptation needs to be associated with BWP framework. The same thing can be achieved by defining application delay for the corresponding L1-based adaptation similar to cross-slot scheduling in Rel-16 without any association with BWP framework.

	
	

	Verizon
	Like we said before, we believe cDRX is the foundation. There are still much work to be done to make it work together with beam management and power saving signal. Other mechanisms should be built on top of it.

In active mode, we think there is a need to consider how to customize the throughput/latency and power saving trade-off for individual UE e.g., leveraging UE assistance information to differentiate the UEs. For different services, e.g., XR vs. typical eMBB, the trade-off points are different. There are different HW limitations in terms of how long the device can run at full performance without overheating, some predictive feedback from the UE reflecting this situation we think would be useful. However, we also share the concern of introducing UE assistance information without targeted practical scenarios and a decent chance of real adoption by the network – it is not that if we don’t use it, we can just leave it there. That is not how network is operated.

We are in general nuetral regarding detailed technical designs as long as they offer similar performance vs cost trade-off.



	
	

	Qualcomm
	Similar to Objective 1 for enhancements for C-DRX, it is beneficial to also consider enhancements for L1-based power saving adaptations. We are generally supportive for the main objective. The details may need to be updated based on Rel-16 UE power saving final outcome. E.g. SCell dormancy is already addressed in Rel-16. In Rel-16, RAN4 is already discussing BWP switch delay for max number of MIMO layers adaptation; It makes sense to extend the discussion to consider optimizing the BWP switch delay for switching between BWP with only a limited subset of baseband parameters difference (e.g. cross-slot scheduling related parameters).

	
	

	Apple
	We think improving reliability of WUS is one of important topics to cover in R17. In R16, we expect that we cannot fully cover this topic due to other more fundamental design issues of WUS.

Currently, in R16, the support of SCell dormancy indication was agreed to be supported inside/outside Active Time to reduce PDCCH monitoring. We think PDCCH skipping in c) should be considered together with SCell dormancy indication both inside and outside Active Time to further extend the PDCCH monitoring reduction capability to PCell as well.

	
	

	CATT
	

	
	(1) The reliability and miss-detection performance of power saving signal/channel in Rel-16 are sufficient.   Additional study does not provide UE power saving benefit.

(2) Triggering SCell dormancy is supported in Rel-16.  CSI report is still discussing in Rel-16

(3) PDCCH skipping should be part of PDCCH monitoring reduction and not associate with any traffic type

(4) Rel-15 BWP switching mechanism  had been studied and used for Rel-16 UE power saving.   There is no additional benefit of UE power saving gain in further enhancement of BWP switching. 

	vivo
	a) The motivation to further enhance the WUS reliability is not clear. In Rel-16 multiple monitoring occasions is supported which can be used for multi-beam or unlicensed operation to ensure WUS reliability. It is also not clear what is the false-alarm issue?

	
	b) Enhanced WUS for BWP/DL MIMO layer indication can be considered in Rel-17. Use case of WUS triggering A-CSI report without PDCCH monitoring is not clear. WUS indicating Scell dormancy behaviour already supported in Rel-16

	
	c) Allowing UE to indicate different BWP delay requirement (type 1 or type 2) for BWP switching with only baseband parameter change is currently under discussion in Rel-16, we can revisit the situation later. Reducing RRC overhead for BWP configuration is not essential for power saving

	
	d) PDSCH processing timeline adaptation can be considered in Rel-17. For a UE supporting PDSCH processing capability#2, it should be possible to indicate UE to perform faster PDSCH processing (using capability#2 timeline) or slower PDSCH processing (using capability#1 timeline) based on the latency requirement. 

	Intel
	The motivation behind the objective 2-a) is not justified. In Rel-16, multiple monitoring occasions has been agreed so that UE can monitor for WUS multiple times until detected before next DRX ON. Moreover, standard DCI encoding mechanism allows for appending 24-bit CRC which looks sufficient to satisfy target MDR of 0.1% even at cell edge. If needed, network can transmit WUS with larger AL to account for coverage and/or challenging link conditions. In addition, in Rel-16, it has been agreed that UE behaviour due to miss-detection of WUS can be configurable, i.e., to wake-up or not to wake-up.  Hence, in our view, motivation to further study to make WUS transmission more robust is not clear. On the other hand, beam sweeping for WUS transmission can considered, especially with respect to FR2, which falls under multibeam operation and we are open to study this aspect. 

For 2-b), we are supportive of important enhancements to power saving signal such as triggering BWP switch, A-CSI report, if not enabled/agreed in Rel16. We suggest removing the Scell dormancy aspects as those are being specified in Rel-16.

As indicated in 2-c), we are open to study power saving techniques for high data rate low latency applications. First, performance requirements for the use cases, traffic model, and power consumption model need to be considered before selecting a solution.

For 2-d), it is unclear whether there can be significant reduction in BWP switching delay if BWP location is unchanged, but some parameters are different. Moreover, this constrains network flexibility in configuring different BWP sizes to a UE to account for different traffic load, as there can only be up to 4 BWPs configured for a UE. 

	
	 As discussed in our response in previous Section 2), dynamic C-DRX operation can be beneficial in some use cases. Enhancements to power saving signalling can be considered and further studied to dynamically adapt C-DRX operation. We propose to include this in the scope.

	OPPO
	We think Objective 2b/c should be included. In general we are positive for the case for short delay traffic model for Rel-17. This did not have time to be discussed in Rel-16, which is quite basic version of power saving. In current application scenario, the more dynamic and low latency is expected like IM, short video. In the same time, battery life should also be extended. The 2c can actually fulfil the target with very small over head, comparing e.g. the scheme we are currently discussed in dormancy scell triggering. We are also ok to have 2d, if finally Rel-16 don’t have any time to support it.

For the 2a, we need some further details and justification of enhancement.

	
	

	LG
	Overall, we should be careful in introducing additional power saving mechanism in addition to what we have in Rel-16 as we already have many solutions.. DRX is a basic mechanism, and WUS and dormancy behavior are already introduced in Rel-16.

For each bullet, we have following opinion.
a) Not sure if DCI reliability enhancement is necessary.

b) Study is necessary if further enhancement is necessary on top of the ongoing Rel-16 Scell enhancement specifications

c) General enhancements for PDCCH monitoring reduction/adaptation for single beam case and multi-beam case can be considered (not only coupled with DRX, as commented in section 2)

d)-i) Can be considered. But too many steps for BWP switch delay is not desirable

d)-ii) This is a signaling optimization, and not the scope of power saving.

	
	

	Deutsche Telekom
	Although all these a) - d) L1-based power enhancements seem important, the potential benefits and impacts need perhaps further discussion in RAN1 Working Group in order to understand which of them should be in scope considering work done already in Rel-16 and related power saving potential of each enhancement. 

	
	

	ZTE
	2-a) Regarding the enhancement of power saving signal/channel considering LBT failure, we think we should first discuss whether to introduce power saving signal/channel for LBT mechanism or not, if it is not supported in Rel-16.
2-b)We agree that if the CSI reporting triggered by power saving signal/channel is not specified in Rel-16,  it could be considered in Rel-17.

2-c) Rel-16 mechanisms on PDCCH monitoring adaptation should be considered as the baseline for discussion on Rel-17 power saving work area.  E.g. dormancy behavior in Rel-16 MR-DC WI and dynamic adaptation on search space sets in Rel-16 NR-U WI.   It can be discussed whether and how these schemes should be enhanced and applied to Rel-17. 

	
	

	MTK
	In R16, there are two new L1/DCI-based power saving design: 1) During Active Time, new 1-bit indication in scheduling DCI (of format 1-1 or 0-1) for cross-slot scheduling adaptation 2) Outside Active Time, WUS PDCCH carrying the indication to UE wake-up and SCell dormancy behaviour. R17 can continue enhance the L1/DCI-based design, particularly focus on achieving better trade-off in latency and UE power saving. Since the enhancements to BWP switch delay for UE power saving can be addressed in R16, we suggest to consolidate this item so as to make it a purely RAN4 led item, as revised below:

2. Specify enhancement(s) for DCI-based power saving techniques [RAN1]

a) Specify enhancements for DCI-based power saving adaptation inside Active Time for latency-sensitive eMBB service while minimizing impact on the corresponding DCI overhead
b) Specify enhancement(s) for triggering power saving adaptations using DCI-based wake-up signaling, including switch to a configured BWP, RS assistance and A-CSI report

	
	

	Huawei, HiSilicon
	For a): This objective should be re-discussed once there is better visibility on what will be specified in Rel-16. In unlicensed spectrum it is not clear that WUS reliability needs to be improved as this is fundamentally linked to whether the channel can be accessed by the gNB, which comes prior to any transmission (not only WUS) from the gNB. Enhancements related to beam management could be considered, but this could also be improved by MIMO enhancements for BM in Rel-17.

For b): Our understanding is that BWP switching enhancement is intended to be covered by the bullet d). Therefore, we believe it is better to have bullet b) focus on the power saving adaptation with an active BWP. We therefore suggest to change ‘including triggering BWP switch on specific parameter(s)’ to ‘including triggering adaptation on specific parameter(s) for power saving. In particular, adaptation of the maximum number of MIMO layers should be targeted.

[SCell dormancy behaviour switch]: this is going to be specified in Rel-16

For c): In addition to PDCCH skipping, PDCCH monitoring periodicity adaptation was also studied in Rel-16 and can proceed to WI directly. Therefore, we propose to change the wording to ‘to trigger PDCCH monitoring reduction including PDCCH monitoring skipping in a short term duration and monitoring periodicity adaptation.

-
Latency-sensitive eMBB services can be one important scenario for the dynamic PDCCH monitoring reduction. However, it is not necessary to limit this technique to latency-sensitive services only.

For d): this objective would require a study to identify, as it is not clear in which scenarios there could be gains. 
Recommend to add an objective e): study and specify mechanisms of scheduling PDSCH from multiple cells with a single PDCCH. Such mechanism can reduce PDCCH blind decoding attempts and hence reduce UE power consumption.

	
	

	Spreadtrum
	2a) As mentioned in R16 contributions, RLM metric dedicated for the WUS PDCCH can reduce miss detection rate of the WUS PDCCH. Further, UE can detect the WUS PDCCH before complete warm-up (e.g. time/frequency/beam tracking). If so, RLM metric dedicated for the WUS PDCCH can guarantee the sufficient SINR point. Thus, RLM metric dedicated for the WUS PDCCH can be considered in R17.
2b) The WUS PDCCH on PCell has large number of DCI size for SCell dormancy. The miss detection rate of the WUS PDCCH on PCell may be high when large number of UEs share the same WUS PDCCH. Thus, the WUS PDCCH on SCell for SCell dormancy can be also considered in R17.

2c) Aperiodic short-term PDCCH monitoring skipping without impact on DRX can be considered.

	
	

	CMCC
	2a) When WUS is used in FR2 and if network indicates UE not to wake up in the next DRX cycle, the UE cannot report its best beams to network even when the UE finds that the best beams have already changed. This will make beam failure recovery occur more frequently, and also impact the miss-detection probability of WUS in FR2. Therefore, we do see some motivations for further enhancement(s) for improving the reliability of power saving signal/channel in FR2 and enhancements for beam related procedures (e.g., beam management, beam failure recovery).

2b) Due to limited time in Rel-16, some important power saving techniques, e.g., CSI reporting indicated by WUS, may not be accomplished in Rel-16. This should be further enhanced in Rel-17, since we have strong motivation for this especially in TDD system considering that UE cannot report CSI timely in first several slots in DRX ON Duration limited by the TDD UL-DL configuration.

2c) could also be considered in Rel-17.

	
	

	Futurewei
	Some of the listed enhancements might be of interest to be studied further. Specifically,

a)
Enhancing the reliability of the power saving signal for some cases that we have not yet decided whether power saving is introduced seems not a priority. Perhaps after deciding objective a) in Table 1), further improvements of the power saving signal can be considered. It is not clear that the reliability of the Rel-16 power saving signal needs to be improved.

b)
Work is ongoing on this topic, and we are not sure which further enhancements are needed. We are open to discuss the scope of this work.

c)
Enhancements to address the latency of some eMBB services can be investigated in Rel-17.

d)
It is unclear the need to jointly optimize BWP switching and power saving techniques. Also we are not convinced that there is a significant reduction in BWP switching delay from changing  some power saving parameters.

	
	

	InterDigital
	a) We think power saving signal/channel reliability should be studied if it cannot be completed in Rel-16.

b) Instead of proposing specific solutions such as “A-CSI report without PDCCH monitoring”, we should strive to provide a general problem formulation. In addition, functionality already supported in Rel-16 should not be included.

c) Search space switching mechanism agreed in NR-U WI should be enough to enable PDCCH monitoring reduction. We do not see a need to further study PDCCH skipping, which was already discussed in Rel-16 and not pursued.

d) Shortening the BWP switching delay when used in conjunction with BWP-specific power saving features should be considered by RAN4.

	
	


3.2 Suggestion for 2nd phase email discussion 

In Table 5, there summarize the statistics of support for each sub-item. It can observed that sub-items b) and c) are of strong supports, while sub-item a) and d) w/o ii) still require more discussion for more supports. 
Table 5: Statistics of support on enhancements for L1-based power saving techniques

	2) Specify enhancement(s) for L1-based power saving techniques [RAN1, RAN2, RAN4]

	a) Specify enhancement(s) for power saving signal/channel reliability, considering miss-detection due to beam and/or LBT failure and false-alarm [RAN1, RAN2]
	Support (7): Sony, SS, Apple, Spreadtrum, CMCC, IDC, DCM
Oppose (5): Nokia, E///, CATT, VIVO, Intel, 

	b) Specify enhancement(s) for triggering power saving adaptations using power saving signal/channel, including triggering BWP switch on specific parameter(s), [SCell dormancy behaviour switch] and A-CSI report without PDCCH monitoring [RAN1, RAN2]
	Support (14): SS, QC, VIVO, Intel, OPPO, LG, ZTE (A-CSI if not done in R16), MTK, HW, HiSi (MIMO), Spreadtrum, CMCC (A-CSI if not done in Rel-16), IDC, DCM
Oppose (3): Nokia, E///, CATT

	c) Study and specify, if needed, DCI-based scheme to trigger aperiodic short-term PDCCH monitoring skipping for latency-sensitive eMBB services, based on short DRX or no DRX [RAN1, RAN2]
	Support (14): Sony, SS, QC, Apple, Intel, OPPO, LG (generic PDCCH monitoring reduction), MTK (generic PDCCH monitoring reduction), HW, HiSi (generic PDCCH monitoring reduction), Spreadtrum, CMCC, Futurewei, DCM
Oppose (4): Nokia, E///, IDC, CATT (prefer to move generic PDCCH monitoring reduction, i.e. item 1)

	d) [Specify enhancements for BWP switch with difference only in power saving related parameter(s), including PDCCH monitoring setting, CSI setting, TDRA table, and/or maximum number of MIMO layers: 

i)  Allow UE to indicate reduced BWP switch delay and interruption time [RAN4]

ii) Reduce RRC signalling overhead for BWP configuration [RAN2]]
	Support (6): E///, Sony, QC, OPPO, LG (w/o ii), IDC
Oppose (3): SS, CATT, Intel

	Others:

· UE feedback on HW limit for different services, e.g., XR vs. typical eMBB (VZ)

· PDSCH processing timeline (K1) adaptation (VIVO)

· Study and specify mechanisms of scheduling PDSCH from multiple cells with a single PDCCH (HW, HiSi)


For the original sub-item b), R16 has agreed inclusion of adaptation to SCell dormancy behaviour based BWP framework, so this functionality can be removed from the list. On the other hand, while SCell BWP switch can be early triggered by WUS PDCCH, PCell BWP switch can only be triggered after DRX on-duration, and the resulting PCell switch delay and potential data interruption to SCells will eliminate the merit of early SCell BWP switch. Better efficiency design should be targeted. For triggering A-CSI report, FFS is agreed in RAN1 #98-bis and further update after RAN1 #99 meeting can be made. Related to A-CSI report, BWP switch and aperiodic RS before DRX on-duration should also be jointly considered. By the above, the 1st sub-item in Table 5 is suggested. It is noticed that implicit indication can be one solution to address the concern on expanding power saving DCI size, but this should be left for WG discussion and decision.

For the original sub-item c), the generic target is PDCCH monitoring reduction inside Active Time, and we suggest to revise it as the 2nd sub-item in Table 5. For the original sub-items a) and b), more discussions are necessary, and the revised versions are marked with yellow color, as the 3rd and 4th sub-items in Table 5, respectively. 
Table 6: Enhancements for L1-based power saving techniques suggested for 2nd email discussion
	a) Specify enhancements for L1-based power saving techniques [RAN1, RAN2, RAN4]
b) Specify enhancement(s) for WUS PDCCH, including trigger to BWP switch, aperiodic RS, and aperiodic CSI report [RAN1, RAN2]

c) Specify enhancement(s) for power saving indication inside Active Time to trigger power saving adaption(s) for an active BWP, including PDCCH monitoring reduction  [RAN1, RAN2]
d) Specify enhancement(s) for WUS PDCCH reliability, considering miss-detection due to, e.g., beam failure [RAN1]

e) Specify enhancements for BWP switch with difference only in power saving related parameter(s), including PDCCH monitoring setting, CSI setting, TDRA table, and/or maximum number of MIMO layers, by allowing UE to indicate reduced BWP switch delay and interruption time [RAN4]

a.  Note: Part of parameters are being discussed in R16 (RAN4) and the parameter list will be adjusted after RAN4 


4 Power Saving Enhancements for Idle/Inactive Mode
4.1 Initial scope for 1st phase email discussion
In Rel-16 UE power saving WI, RRM relaxation is specified for idle-mode power saving for UE not at cell edge or UE that is stationary or with low mobility. When UE standby time in NR network becomes an important factor to user experience, further enhancements for idle/inactive mode power saving is necessary in Rel-17 [3]
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[5]. To avoid scope overlapping with NR Light [6], this email discussion should focus on power saving solution(s) subject to shorter paging cycle, i.e., <= 2.56 sec.
2) Specify enhancements to reduce UE idle/inactive-mode power consumption [RAN1, RAN2, RAN4]

a) Specify broadcasting assistance information to idle mode UEs, including the information of potentially cell-wise available RS and/or code rate limit on paging data [RAN1, RAN2]

b) Specify enhancement(s) for paging indication, time-frequency synchronization, and RRM measurement to reduce UE wake-up time, including enhancement(s) for PDCCH-based paging indication and/or additional RS/sequence [RAN1, RAN4]

i) Note: No impact to legacy idle-mode UEs

c) Specify paging procedure enhancement for reduced UE wake-up frequency, including reduction in paging false alarm rate [RAN2, RAN1]
d) Specify enhancement(s) for RRM relaxation, allowing reduced number of cells/carriers/RATs to be measured [RAN2, RAN4]
To consolidate the scope of power saving enhancements for idle/inactive mode, companies are invited to provide suggestions in the following Table 3. Should any feedback pertain to any of a), b), c) or d) above, please refer to a), b), c) or d) respectively.
Table 7: Companies' views on power saving enhancements for idle/inactive mode

	Company name
	Suggestion(s)

	Example
	(Suggestion(s)/revision(s) for initial items) …

	
	(Additional suggestion(s), e.g., additional sub-item(s) with initial justification) …

	Nokia
	Rel-16 objectives should be stable more stable before the detailed objectives can be decided. Some of the proposed objectives were already discussed as part of Rel-16 and were decided not to be included to Rel-16. The aim cannot be that all the earlier proposals are re-proposed in Rel-17. Instead there should be clear motivation and need for introducing new solutions.

	
	

	Ericsson
	a, b, c, d) As a general guideline, energy spent in idle/inactive mode periodic activities is estimated to be in single digit percentage of the overall energy consumed by an eMBB NR UE radio in typical day of use. Energy savings from power saving measures in idle/inactive mode in eMBB are therefore moderate at best in the big picture. Activities in this area should therefore not be prioritized over connected mode areas with a higher overall power saving gain potential. The idle/inactive mode area is better suited for the prospective NR-Light SI.

a): Additional RS should not be considered due to the detrimental NW EE impact of additional always-on signals. Indicating code rate limits on paging data is incompatible with current NW operation; it is upto the gNB to see to that a suitable code rate is chosen and flexibility is needed to provide proper paging coverage to cell edge UEs. 

b): In idle/inactive mode, some power saving gains may be possible from reducing paging false alarm rates and relaxing inter-frequency measurements (e.g. when frequencies are adjacent, or when a frequency is known to provide limited coverage).

	
	

	Sony
	We think there is merit in all of the items 3a, 3b, 3c, 3d, although we think that there will need to be some downscoping. Specific comments:

· 3c. It should be clarified whether this relates to false wake-up (overhearing) or relates to the receiver’s operating characteristics when falsely detecting something (noise or other RNTIs) on the same channel as the UE’s paging indicator (P_RNTI). For the overhearing case, reduction of paging false alarm rate should include the use of an IDLE mode WUS that allows the UE to skip the paging occasion if no UEs are being paged at that PO.
· 3d. Some aspects of this are being considered in RAN2 in Rel-16: we are supportive of this work. The final objective would depend on RAN2 progress. This issue needs to be addressed, either in Rel-16 or Rel-17.

	
	

	Samsung
	We are generally OK. As Ericsson’s comment, it should be further discussed whether idel/inactive mode power saving technique is discussed in NR-light or power saving enhancement or both. 

	
	

	Verizon
	We think there is some merit. If we operate UE in Idle mode on FR2, then there could be some problems there with beam management.

	
	

	Qualcomm
	Generally, we agree with the need to optimize RRC idle/inactive mode power consumption, but the battery life impact is much larger for NR-Light use cases and devices, compared to EMBB use cases and devices (e.g. smartphones). The criterion to consider power saving techniques for short paging cycle (<=2.56sec) is unclear to us because we think NR-Light use cases also need to support short paging cycle, for example, smart wearables that have similar paging cycle as EMBB. Additionally, it may also be problematic to split the work on power saving for idle/inactive mode across potentially two different agendas. At this point, we think idle/inactive mode power saving may be better addressed in NR-Light.

In terms of the technical objectives, we see higher priority for Objective 3b and 3c.

	
	

	Apple
	As an additional topic related to higher layer, we propose to add Public Warning System (PWS) related power saving technique.
For CMAS/ETWS SIB transmission, it is possible for NW to schedule the same PWS message across number of paging cycle. In LTE PWS acquisition mechanism, power consumption on the repeated PWS message acquisition is quite high. In case of 10-minute PWS broadcast duration, the power consumption on repeated PWS acquisition is about 99% of the power on whole PWS acquisition. If UE is aware of the PWS message change in advance and does not acquire the repeated PWS, UE power consumption can be dramatically reduced.   

	
	

	CATT
	

	
	(1) The tradeoff between the broadcast assistance configuration of temporary RS and the power saving gain is not clear.   

(2) Power saving signal/channel triggering paging was studied Rel-16 UE power saving studied in Rel-16 UE power saving study with conclusion of no significant benefits.  It should not be further studied in the same topic. 

RRM relaxation for inter-cells/frequency measurements had been studied in Rel-16 without significant power saving gain.  It does not see significant power saving gain with RRM relaxation for inter-RATs measurements.

	vivo
	a) We support “Specify broadcasting assistance information to idle mode UEs, including the information of potentially cell-wise available RS”. The “code rate limit on paging data” should be clarified. 

	
	b) We support in general. For paging indication, both PDCCH-based or sequence based design should be considered, study phase is needed. 

	
	c) We support methods to reduce paging false alarm. 

	
	d) RRM relaxation should include serving cell relaxation which was proved beneficial in Rel-16 SI and captured in TR38.840 but not included in the WI due to scope reduction. The necessity of further neighbour cell RRM relaxation should be revisited later due to on-going Rel-16 discussion.

	Intel
	For 3-a), some clarification is needed. For example: What does “cell-wise available RS” imply here? Are they always present or associated with paging occasions (like WUS)? Is the purpose for such RS to aid time-frequency tracking? Why the limit on code-rate for paging data (the PDSCH?)? Is this motivated to use separate simplified receivers, or, in particular, to allow for correlation-based receivers? 
We are supportive of study on PDCCH based paging indication, as mentioned in 3-b). 

3-c) seems fine to us, assuming that no impact is foreseen to legacy UEs (i.e., avoid coexistence issues).

3-d) could be considered for Rel-17 if this enhancement were not enabled in Rel-16 (as these enhancements are still under consideration by RAN4/2).

	
	We suggest to enable the usage of paging DRX cycle with length up to 10.24s for idle and inactive modes, as discussed but not concluded during Rel-16 power consumption study item. 

	OPPO
	We are supportive for the 3c/d, those are necessary for the higher layer enhancement. RAN2 may need to finalize them in Rel-17, if not done in Rel-16. Cell measurement power consumption take a significant part in the overall consumption. The false paging also waste UE power and should be addressed. For 3b, we think we can consider it if time allow. Especially for additional RS, specification time would be large.

	
	

	LG
	In general, it may be better to handle the power saving enhancements for idle/inactive mode in NR Light item considering characteristics of NR Light devices. In the end, technologies for normal devices and NR Light devices may not be too much different. But optimization in idle/inactive mode will be more urgent for NR Light devices.

	
	

	Deutsche Telekom
	We support further power saving enhancements in idle/inactive mode of UEs at cell edge and particularly the proposals c) and d) above. However, any overlapping with work in Rel-16 or other WIs in Rel-17 should be avoided.

	
	

	ZTE
	3-a) To enable the idle mode UE to use the cell-wise available RS, it seems that we need to introduce additional “always-on” RS, or gNB can not transmit some reference signals in a DTX manner even UE is configured with DRX. This impact on network was not provided in Rel-16 SI phase.

Considering there would be two discussions about Rel-17 NR power saving, i.e., UE power saving and network power saving, introduction of those “always-on” reference signals are detrimental for network power saving and needs further study. 

3-a) It is already specified in Rel-15 that UE is not expected to decode PDSCH scheduled with P-RNTI and Qm > 2. We are not sure about the power saving benefit to further restrict the code rate of paging data.
3-b/d) The relaxation on RRM measurement for idle/inactive UE is under discussion in Rel-16 power saving. We are not sure about the benefit of further relaxation.

The power saving for idle/inactive UE would be potentially overlapped the discussion about NR-light. We are not sure whether it is proper or not to differentiate those two AI by paging cycle.

	
	

	MTK
	Idle-mode power saving enhancement is very important for SA network. On the other hand, the resource overhead consideration will require further discussion. We suggest as least sub-item a) should be included so that idle-mode UEs is allowed to detect the available TRS and utilize TRS (if available) for idle-mode power saving:

3. Specify enhancements to reduce UE idle/inactive-mode power consumption [RAN1, RAN2]

a) Specify broadcasting assistance information to idle mode UEs, including the information of potentially cell-wise available RS and/or code rate limit on paging data [RAN1, RAN2]
b) (More to include if there is consensus)

	
	

	Huawei, HiSilicon
	For a), the objective could be limited to providing RS assistance information in idle mode DRX. The information is not necessarily to be broadcasting or cell-wise.

For b), the gain of “PDCCH-based paging indication and/or additional RS/sequence” has not been justified, we hence suggest to remove the last part of the sentence (i.e. “including enhancement(s) for PDCCH-based paging indication and/or additional RS/sequence”).
For d) RRM measurements enhancements, we think that enhancements for serving cell RRM measurements should be targeted, since Rel-16 already addresses enhancements for neighbour cell RRM measurements.

	
	

	Spreadtrum
	3a) In idle/inactive mode, potentially cell-wise available RS can be considered to support UE time/frequency/beam tracking before PO. Regarding NW overhead issue, the potentially cell-wise available RS and sequence-based paging indication can be jointly designed.

3b) In idle/inactive mode, Sequence-based paging indication can be considered. If sequence-based paging indication is not supported, at least PDCCH-based paging indication can be considered.

	
	

	CMCC
	We do see motivations for further enhancements for idle/inactive mode power saving in Rel-17 in order to increase the UE standby time.

3a) We think broadcasting assistance information, e.g., cell-wise available TRS, to idle mode UEs is beneficial and could be considered in Rel-17.

3b) We think enhancement(s) for PDCCH-based paging indication to reduce UE wake-up time is beneficial and should be considered in Rel-17.

3d) Enhancement(s) for RRM relaxation, allowing reduced number of cells to be measured, should be considered in Rel-17.

	
	

	Futurewei
	Power saving enhancements for idle/inactive mode can be investigated in Rel-17. The objectives need to be further discussed considering the progress in other WIs and avoiding overlap.

	
	

	InterDigital
	a) This item needs further clarification. Specifically, it is not clear what “cell-wise RS” means.

b, c, d) We agree that RRC idle/inactive mode power consumption needs to be optimized. However, any overlap with the NR-Light WI should be avoided.

In addition, we believe one important source of power saving is optimizing the paging procedures for multi-beam (FR2) scenarios. Therefore, this should be included

	
	


4.2 Suggestion for 2nd phase email discussion
While several companies suggest to move this topic to NR-Light, it can be decided in RAN Plenary #86 meeting, and it is suggested that we first identify the important sub-items for idle/inactive mode power saving. In Table 6, there summarized the statistics of support on each sub-item. It can be checked that sub-item d) is of the highest support, followed by sub-items c) and b), respectively. On the other hand, sub-item a) requires more discussion for more supports. 
Table 8: Statistics of support on enhancements to reduce UE idle/inactive-mode power consumption

	3) Specify enhancements to reduce UE idle/inactive-mode power consumption [RAN1, RAN2, RAN4]

	a) Specify broadcasting assistance information to idle mode UEs, including the information of potentially cell-wise available RS and/or code rate limit on paging data [RAN1, RAN2]
	Support (9): Sony, SS, VIVO (RS info), MTK, Spreadtrum, CMCC, DCM, SoftBank, DISH
Oppose (3): E/// , ZTE, CATT

	b) Specify enhancement(s) for paging indication, time-frequency synchronization, and RRM measurement to reduce UE wake-up time, including enhancement(s) for PDCCH-based paging indication and/or additional RS/sequence [RAN1, RAN4]

i) Note: No impact to legacy idle-mode UEs
	Support (12): Sony, SS, QC (if in NR-Light), VIVO, Intel (PDCCH-based), OPPO (if time allows), Spreadtrum, CMCC (PDCCH-based), IDC, DCM, SoftBank, DISH
Oppose (2): E///, CATT

	c) Specify paging procedure enhancement for reduced UE wake-up frequency, including reduction in paging false alarm rate [RAN2, RAN1]
	Support (11): E/// (if in NR-Light), Sony, SS, QC (if in NR-Light), VIVO, Intel (no impact to legacy UE), OPPO, DT, IDC, SoftBank, DISH
Oppose (0):

	d) Specify enhancement(s) for RRM relaxation, allowing reduced number of cells/carriers/RATs to be measured [RAN2, RAN4]
	Support (13): E/// (if in NR-Light), Sony, SS, VIVO (include serving cell), Intel (if not complete in R16), OPPO, DT, HW, HiSi, CMCC, IDC, SoftBank, DISH
Oppose (2): CATT, ZTE

	Others:

· Public warning system (PWS) related power saving technique (Apple)


In Table 9, there summarized the revised sub-items for 2nd email discussion, and it is suggested to focus on revising the non-colored part for the versions of consensus.
Table 9: Enhancements to reduce idle/inactive-mode power consumption suggested for 2nd email discussion

	a) Specify enhancements to reduce UE idle-mode power consumption [RAN1, RAN2, RAN4]

b) Specify enhancement(s) for RRM relaxation, including service cell RRM relaxation and reduced number of cells/carriers/RATs to be measured [RAN2, RAN4]
c) Specify, if agreed, paging procedure enhancement(s) for reduced UE wake-up frequency, including reduction in paging false alarm rate [RAN2, RAN1]
d) Specify, if agreed, enhancement(s) of paging indication to reduce UE active operations in idle mode, subject to no impact to latency UEs [RAN1, RAN2]

e) Specify, if agreed, assistance information for idle mode UEs, including potential occasion(s) of TRS/CSI-RS [RAN1, RAN2]
a. Note: No additional or always-on RS transmission is required


5 Other Potential Power Saving Enhancements
Companies are welcomed to input the potential power saving enhancement(s) not in the above categories to Table 4.
Table 10: Companies' views on other potential power saving enhancements

	Company name
	Suggestion(s)

	Example
	(Additional suggestion(s), e.g., additional item and sub-item with initial justification) …

	Nokia
	Number of different UE power saving solutions should be minimized as alternative solutions complicate the system operations. Therefore, it is important to extend the existing enhancements further rather than creating totally new alternative solutions. It would also be important to ensure in Rel-17 that the UE power saving solutions will actually provide real power saving improvements in the UE implementations.

	Sony
	We would like Rel-17 to also consider power saving for URLLC applications. While most industrial URLLC applications might have mains-based power, there are other URLLC applications that are battery powered (both industrial, professional and consumer, e.g. AR/VR). Relevant areas include:

· Minimisation of on-time while monitoring PDCCH

· Allowing for relaxation of  PDCCH decoding between transmission of SR and transmission of PUSCH

While there seems to be a conflict between low latency and low power consumption, we think that it is worth identifying techniques that can lead to power saving, given the importance of URLLC to 5G.

	Samsung
	We think enhancements of SPS-PDSCH/CG-PUSCH can be considered in Rel-17 power saving. Triggering based SPS/CG reception/transmission would be beneficial for both low latency and low power consumption. 

	Verizon
	We also think we should consolidate existing power saving solutions. We are supportive to introducing new solutions, but when a new solution is brought in, it should be compared with existing combinations of solutions rather than just by itself, looking at the difference of having it or not having it based on an “un-power saving optimized” benchmark.

	Qualcomm
	We think the power model agreed in Rel-16 UE power saving can be enhanced and updated to support the evaluation (if needed) for some of the above objectives (e.g. for 1-a to cover multi-TRP, unlicensed, and DC). A full-blown evaluation and modelling sub-agenda item like in Rel-16 study item may not be needed but we should strive to have some consensus on the methodology for modelling and power saving gain evaluation.

For idle/inactive mode power saving, because it is most beneficial for NR-Light use cases and devices, power modelling should strive to target NR-Light devices.

	Apple
	To reduce the power consumption at UE side, UE can take advantage of the information available inside handset such as traffic arrival rate/pattern, application layer traffic’s throughput/delay requirements, implementation specific power consumption characteristics of RF and BB for different frequency, bandwidth, number of carriers, scheduling time line etc. Some of this information could be directly used at UE side for reducing power, but in most cases this information could be transferred to network to help network configure/schedule UE for power saving. This is because the power consumption of UE highly depends on UE configuration, and the configuration is done by the network. For this reason, we think adding additional UE assistance information should be considered in R17 especially BWP, SCell configuration/deactivation, higher layer application related information.


	Vivo
	Additional UE assistant information can be considered in Rel-17, including Scell, BWP, DL MIMO layers, DRX onduration

	Deutsche Telekom
	UE assistance information related to the type of traffic served and higher-level application requirements that may assist the network to reduce paging overheads and/or UE wake-up frequency, SSB measurements periodicity.

	MTK
	One general concern on power saving features is how to evaluate their benefit in real network so as to decide whether and what to adjust or include further. RAN1 can study if UE can help provide a proper measure a UE power saving metric and report it to the network. RAN4 can also consider power saving related cases, e.g., testing whether UE assistance information on cDRX is valid for a given data scheduling pattern.

	NTT DOCOMO
	We agree with MTK, and since NW does not have sufficient information for the effectiveness of UE power saving, the control/configuration by NW may be complex and tough in some cases. Thus, it is beneficial to study for UE energy efficiency metric.

	Ericsson
	Current NR specifications specifies that if a UE in RRC_INACTIVE reselects to an inter-RAT cell, the UE will go to RRC_IDLE and inform higher layers. Since this reselection also triggers a TAU, the UE will initiate a TAU procedure in the target cell which will cause UE to enter RRC_CONNECTED which will consume UE battery even if UE has no data to send. The benefits of allowing inter-RAT/inter-system RAN Notification Areas as way to reduce unnecessary battery consuming signalling and procedures how it can be supported also for UEs in LTE/EPC.

Further details are provided in R2-1910690.

To add this to the WID, we suggest the following formulation of the objective

1. Specify how a UE in NR RRC INACTIVE can move to LTE-coverage while avoiding TAU to EPC and allowing UE to return to NR-coverage without any signalling. [RAN2, RAN3]

a. Allow EUTRA-cells to be included in NR RAN area

b. Specify how UE enters (LTE) RRC IDLE at RAN paging from source gNB via eNB or at MO data/signalling 
c. Avoiding TAU and state-transition at LTE (( NR cell reselection inside RAN area containing LTE and NR cells


Based on the input from companies, there are at least 4 companies (Apple, Vivo, Deutsche Telekom, MTK) mentioning the UE assistance information to network to improve UE power saving. An additional item is suggested accordingly.

	2) Specify enhancement(s) for UE assistance information to assist network in better utilizing and evaluating UE power consumption characteristics  [RAN2, RAN1]
a) Specify, if agreed, additional UE assistance information for UE preference in processing timeline, SCell configuration, BWP, cDRX on-duration and offset, etc. [RAN2, RAN1]
b) Specify, if agreed, UE energy efficiency metric for network to evaluate the effectiveness of UE power saving [RAN1, RAN2]


6 Summary of Email Discussions
6.1 Suggested initial scope for 1st email discussion
	1) Specify power saving enhancement(s) for connected-mode DRX operations [RAN2, RAN1, RAN4]

a) Specify enhancement(s) for reducing PDCCH monitoring power consumption, considering multi-beam, carrier-aggregation, multi-TRP, unlicensed access and/or dual-connectivity operations [RAN2, RAN1]

b) Specify cell/beam measurement relaxation, especially for short DRX cycle [RAN2, RAN4]

c) Specify RS assistance to UE warm-up (e.g., time/frequency/beam tracking) for DRX on-duration and/or WUS occasion [RAN1, RAN2]

2) Specify enhancement(s) for L1-based power saving techniques [RAN1, RAN2, RAN4]

a) Specify enhancement(s) for power saving signal/channel reliability, considering miss-detection due to beam and/or LBT failure and false-alarm [RAN1, RAN2]

b) Specify enhancement(s) for triggering power saving adaptations using power saving signal/channel, including triggering BWP switch on specific parameter(s), [SCell dormancy behaviour switch] and A-CSI report without PDCCH monitoring [RAN1, RAN2]

c) Study and specify, if needed, DCI-based scheme to trigger aperiodic short-term PDCCH monitoring skipping for latency-sensitive eMBB services, based on short DRX or no DRX [RAN1, RAN2]

d) [Specify enhancements for BWP switch with difference only in power saving related parameter(s), including PDCCH monitoring setting, CSI setting, TDRA table, and/or maximum number of MIMO layers: 

i)  Allow UE to indicate reduced BWP switch delay and interruption time [RAN4]

3) Specify enhancements to reduce UE idle/inactive-mode power consumption [RAN1, RAN2, RAN4]

a) Specify broadcasting assistance information to idle mode UEs, including the information of potentially cell-wise available RS and/or code rate limit on paging data [RAN1, RAN2]

b) Specify enhancement(s) for paging indication, time-frequency synchronization, and RRM measurement to reduce UE wake-up time, including enhancement(s) for PDCCH-based paging indication and/or additional RS/sequence [RAN1, RAN4]

i) Note: No impact to legacy idle-mode UEs

c) Specify paging procedure enhancement for reduced UE wake-up frequency, including reduction in paging false alarm rate [RAN2, RAN1]

d) Specify enhancement(s) for RRM relaxation, allowing reduced number of cells/carriers/RATs to be measured [RAN2, RAN4]


6.2 Revised scope suggested for 2nd email discussion (prioritizing to revise the non-colored part)
	1) Specify enhancements for connected-mode DRX operations [RAN2, RAN1, RAN4]

a) Specify enhancement(s) for reducing PDCCH monitoring power consumption, considering beam-management (with measurement and reporting), multi-TRP/multi-panel and dual-connectivity operations [RAN2, RAN1]

b) Specify, if agreed, cDRX framework enhancement(s) for unlicensed access and latency sensitive eMBB services (e.g., XR, cloud gaming, edge computing, etc.)  [RAN2, RAN1]

c) Specify, if agreed, RS assistance for DRX on-duration and/or WUS occasion [RAN1, RAN2]

d) Specify, if agreed, cell/beam measurement relaxation, especially for short DRX cycle length [RAN2, RAN4]

e) Specify, if agreed, dynamic adaptation to cDRX configuration [RAN2, RAN1]

2) Specify enhancements for L1-based power saving techniques [RAN1, RAN2, RAN4]

a) Specify enhancement(s) for WUS PDCCH, including trigger to BWP switch, aperiodic RS, and aperiodic CSI report [RAN1, RAN2]

b) Specify enhancement(s) for power saving indication inside Active Time to trigger power saving adaption(s) for an active BWP, including PDCCH monitoring reduction  [RAN1, RAN2]
c) Specify enhancement(s) for WUS PDCCH reliability, considering miss-detection due to, e.g., beam failure [RAN1]

d) Specify enhancements for BWP switch with difference only in power saving related parameter(s), including PDCCH monitoring setting, CSI setting, TDRA table, and/or maximum number of MIMO layers, by allowing UE to indicate reduced BWP switch delay and interruption time [RAN4]
a. Note: Part of parameters are being discussed in R16 (RAN4) and the parameter list will be adjusted after RAN4
3) Specify enhancements to reduce UE idle-mode power consumption [RAN1, RAN2, RAN4]

a) Specify enhancement(s) for RRM relaxation, including service cell RRM relaxation and reduced number of cells/carriers/RATs to be measured [RAN2, RAN4]

b) Specify, if agreed, paging procedure enhancement(s) for reduced UE wake-up frequency, including reduction in paging false alarm rate [RAN2, RAN1]

c) Specify, if agreed, enhancement(s) of paging indication to reduce UE active operations in idle mode, subject to no impact to latency UEs [RAN1, RAN2]

d) Specify, if agreed, assistance information for idle mode UEs, including potential occasion(s) of TRS/CSI-RS [RAN1, RAN2]

a. Note: No additional or always-on RS transmission is required

4) Specify enhancement(s) for UE assistance information to assist network in better utilizing and evaluating UE power saving adaptations  [RAN2, RAN1]

a) Specify, if agreed, additional UE assistance information for UE preference in processing timeline, SCell configuration, BWP, cDRX on-duration and offset, etc. [RAN2, RAN1]
b) Specify, if agreed, UE energy efficiency metric for network to evaluate the effectiveness of UE power saving adaptations [RAN1, RAN2]


6.3 Suggested scope for pre-meeting email discussion

In [7], there logs 2nd email discussion, and the following considerations are further taken into account:
1. Idle/inactive-mode power saving: 

· To minimize the energy overhead due to UE wake-up, it is necessary to reduce UE wake-up number for unnecessary paging reception and for SS bursts (for the purpose of synchronization and measurement). For the former target, both paging rate reduction and WUS-like indication should be jointly considered. For the later, RS substation for performing sync/measurement will be needed. On the other hand, since Rel-16 RRM relaxation on neighbour-cell measurements is based on metrics related to serving cell measurement, whether to include RRM relaxation on serving-cell measurement for Rel-17 is one topic requiring more discussion and consensus. 

· Unified solutions for both eMBB and NR-Light UEs should be developed. This is also to resolve the overlapping issue between the work area of UE power saving enhancements and that of NR-Light. NR-Light power saving scope will therefore focus NR-Light specific designs, including eDRX and those for stationary UEs (in contrary to eMBB UEs requiring mobility). This also provide better scope partition than just based on paging cycle length.
2. Connected-mode power saving:

· Merging cDRX and L1 enhancements in Section 6.2 is necessary regarding the commonality in reducing PDCCH monitoring. 
· Important Rel-16 left-over issues should be resolved, including WUS impact to CSI measurement as a RAN1 remaining issue and BWP switch delay reduction for “all” BWP-framework based power saving adaptations as a RAN4 remaining issue.

· Further reduction in PDCCH monitoring and beam-measure power consumption, which are important particularly for FR2 power saving. For further PDCCH monitoring reduction, extending Rel-16 DCI-based solution during Active Time is a practical way forward that can also minimize physical layer impact. For reduction of beam-measurements, it will be related to RLM and BFD requirements; whether “relaxation” can be performed should be subject to very careful check on system impact.
3. UE assistance information:

· The intention of the related enhancements is to assist network in optimizing power saving adaptations. For example, developing a mechanism for network and UE to exchange implantation constraints on parameters for UE feedback is useful for the UE assistance information to take effect. Also, additional UE assistance information are proposed to complement Rel-16 designs.

· On the other hand, since whether a new UE assistance information is useful or not can be very dependent on gNodeB or UE implementation. More consensus is thus needed for the UE assistance information related items.

By the above, those in Section 6.2 are further consolidated to those in the following table, based on which the draft WID [8] is generated. Further revision on the draft WID will be provided based on 3rd phase/pre-meeting email discussion, where the yellow colored items are to be decided by exchanging the technical reasons and checking the consensus among companies.

	1) Specify enhancements for idle/inactive-mode UE power saving [RAN2, RAN1]

a) Study and specify paging enhancement(s) to reduce unnecessary UE paging reception subject to no impact to legacy UEs and applicability to both eMBB and NR-Light UEs, for example paging sub-grouping mechanism and/or WUS [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) to idle/inactive-mode UEs [RAN1]

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

c) Specify enhancements for RRM relaxation, e.g., serving-cell RRM relaxation for low mobility UE [RAN2] 

2) Specify enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN2, RAN4]

a) Specify enhancement(s) to allow CSI-RS measurement and/or SRS transmission outside DRX Active Time after WUS PDCCH monitoring [RAN1]

b) Specify enhancement(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction [RAN1]

c) Study and specify, if agreed, mechanisms to relax UE measurement requirements for RRM, RLM and/or BFD, especially when DRX cycle is short  [RAN1, RAN2]

d) Specify the reduction of BWP switch delay, in case the BWP switch only results in change of BWP bandwidth, SCell dormancy/PDCCH configuration, maximum number of MIMO layers and/or cross-slot scheduling configuration [RAN4]

NOTE: Further adjustment will be provided if RAN4 make related agreement(s) for Rel-16

3) Specify enhancement(s) for Rel-16 UE assistance information to assist network in optimizing UE power saving adaptations [RAN2]

a) Specify a mechanism for the network and the UE to exchange constraints on Rel-16 UE assistance parameters for power savings [RAN2]

b) Specify the provision of UE energy efficiency metric for to the network [RAN2]

c) Specify, if agreed, additional UE assistance information for UE preference in processing timeline, SCell configuration, BWP configuration, etc. [RAN2]

NOTE: Further adjustment will be provided if RAN2 make related agreement(s) for Rel-16
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