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1	Introduction
UE Power Saving WID was approved in RAN#83 [1] and updated in RAN#84 [2]. The current objectives are as follows:
	The objective is to specify the UE power saving techniques with UE adaption in achieving UE power saving.  The power saving technique should address latency and performance in NR as well as network impact.  The objective of the UE power saving includes the following,

1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 

a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]

NOTE: Any change of PDCCH channel coding and payload interleaver is not in the scope

b) Specify the procedure of cross-slot scheduling power saving techniques  [RAN1, RAN4]

NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure

2) Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]
a) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
i) Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 

b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]

NOTE: Switching on/off the RF is part of the evaluation

3) Specify a mechanism for a UE to indicate its preference of transitioning out of RRC_CONNECTED state. [RAN2]

4) Specify, if agreed, the mechanism to provide UE assistance information [RAN2, RAN1]:
· Study and select among the following UE assistance information for RAN2 by RAN#85:
power preferred information (baseline LTE PPI in a well-defined manner) and UE's preference on C-DRX, BWP and SCell configuration [RAN2].
NOTE: additional UE assistance information for RAN1-specific power saving techniques to indicate what setting of parameters related to this Work Item will lead to power savings for the UE can be included if agreed in RAN1.  

5) Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]
a) [bookmark: _Hlk10649837]Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers to be measured [RAN4, RAN2]
b) Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].
i) Evaluate and specify requirements (if needed) depending on RAN2 criteria [ RAN4]

NOTE: No new measurement quantities should be introduced 
Note: 
The following objective may be considered in RAN#85 pending progress on SCell dormant behaviour and will be re-evaluated in RAN#85
· Study and specify (if agreed) power saving techniques to reduce PDCCH monitoring on activated SCells for CA and DC (EN-DC in particular).  
· Solutions (e.g. power saving signal/channel, enhancing Rel-15 DRX procedure) are to be discussed
· Enhancements to Rel-15 DRX procedure can be studied further if they do not violate the general principle of single DRX configuration per MAC entity



This contribution will address the note for point 4 in the objective (potential additional assistance information).
2	UE assistance information
In the study report a number of UE assistance candidates were listed and evaluated. Examples of these are [3]:
-	UE assistance information/feedback to assist network in configurations for UE adaptation
-	UE preferred processing timeline parameters, e.g., K0, K1, K2 values
-	UE preferred BWP information/configuration
-	UE preferred antenna configuration, including MIMO layers, antenna panel awareness information
-	UE assistance/feedback on the DRX configurations/parameters
-	UE preferred BWP provided to assist network in BWP switching
-	UE request on SCell/SCG activation/de-activation/configuration
-	UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding
From past RAN2 meeting the following agreements were reached [5]:
Agreements:
-	UE assistance reporting follows Rel-15 UE assistance information procedure as a baseline.  The network can configure the UE to be able to report C-DRX UE assistance.  The UE reports only the configured UE assistance information that triggered the report. 
-	C-DRX configuration will be provided in UE assistance.   Include the following DRX configuration parameters in UE assistance: long DRX cycle, short DRX cycle, DRX inactivity timer, short DRX cycle timer. FFS DRX on duration and DRX start offset 
-	BWP and SCells UE assistance there is not enough consensus.  
-	LTE PPI is excluded from UE assistance 

Agreements
-	UE indicates the preferred state using RRC signalling.   The information is provided using UE assistance.  The network uses legacy release to transition the UE. It is up to the network whether and which state the UE should transition to.  UE autonomous release is not supported.
-	The network can control the rate in which the UE transmits the release request.  At least a prohibit timer is introduced. 

Common to all these UE assistance information candidates, including the ones already agreed in RAN2 for C-DRX preference indication is that they are providing information on the UE’s observation of its preference under given conditions and indicating a preference for operation under these conditions. On a general level, the proposals for UE assistance information may be divided into a number of categories which will be discussed shortly in the following:
2.1	Frequency domain assistance information
Some contributions suggest to let the UE indicate its preference for which bandwidth to use (BWP indication or indication to switch to another configured BWP). It is understood that such indications from UE side are recommendations and the network may decide to ignore indications if network performance would suffer from adapting to the UE recommendations or indications. In normal operation, the network would serve multiple UEs and at the same time be limited by various other parameters such as system bandwidth, control channel capacity, scheduling parameters, etc. As system bandwidth is a scarce resource, one should be aware that fragmentation of these resources will have impact to system performance, as the network would have to configure multiple UEs for using the same CORESET in order to achieve any options for multiplexing scheduled date. As data amounts in gNB buffers will vary over time, and channel conditions may change, it is crucial that this multiplexing capability is available. Hence, the more fragmentation of frequency resources is allowed, the lower the multiplexing capability.
Observation 1: UE assistance information for frequency domain (BWP adaptation) may compromise gNB multiplexing capability.
In case the UE is providing the assistance information, but it is not utilized by the gNB, the UE will have spent transmit resources without any use, and hence the UE power consumption by this approach will have increased.
2.2	Time domain assistance information
Some contributions suggest for the UE to be able to provide information on the time domain operation. That is, either in the short term time domain through PDCCH monitoring periodicity or by long-term time domain adaptation through the modification of DRX parameters. As stated in the previous subsection, the gNB will have to manage multiple UEs at the same time for having sufficient multiplexing freedom. Adjusting the short term (PDCCH monitoring periodicity) or long term (DRX) time domain parameters would potentially cause a subsequent change of scheduling priorities and scheduling freedom, which in turn could impact the gNB’s ability to fulfil the quality of service requirements. It should be noted that the 5QI parameters for DL traffic is not visible or exposed to the UE, so the UE will not have any indications on the quality of service commitments from network side in terms of scheduling and priorities.
Observation 2: gNB adaption to UE assistance information in the time domain may compromise the gNB ability to fulfil quality of service requirements.
2.3	Antenna/MIMO domain assistance information
Additionally, some contributions suggest that the UE may provide information on the number of antenna ports or MIMO layers to use for the UE. From radio channel performance point of view, some of this information would already be available to the gNB through the CSI reports, while on the other hand, the UE may again not always have the full picture of the situation at the gNB side. For instance, the gNB may, due to quality of service requirements, need to schedule multiple UEs using fewer MIMO layers using spatial multiplexing, or the UE may be scheduled with maximum amount of MIMO layers for the gNB to be able to fulfil the QoS requirements for the UE.
Observation 3: Even though UE assistance information in the antenna/MIMO domain may be beneficial, the UE recommendation would be based on individual evaluation only.
2.4	Cross-slot scheduling related information
For cross-slot scheduling power saving it would be beneficial to have some information to understand what is the minimum K0/K2 that is required to obtain power saving benefits. In practise it is not expected that this information would be very dynamic by nature. I.e. in order to obtain the benefits of the cross-slot scheduling adaptation it needs be understood what is the minimum K0/K2 with which the UE can reduce the PDCCH processing related power and limit the PDSCH buffering. As this timeline is not dependent from traffic patterns, it would be sufficient if UE would provide its preference for example as a part of the capability signalling. 
Observation 4: For cross-slot scheduling, the preference indication for K0/K2 would be static and could be provided as a part of the UE capability indication.
It should be noted that such information for cross-slot scheduling power saving with very large range might have limited applicability. When performing scheduling for a given slot, it would be preferable for the gNB to have the scheduling actions happening in as few time instants as possible. The reason for this is two-fold: (a) the assignment of the PDSCH resources is a matter of scheduling UEs with different CQIs and different QoS requirements and making sure that the physical resources (PRBs) are assigned for high spectral efficiency and without gaps in the PRB domain, and (b) the UEs need to be assigned to different control channel resources (mapped to a PDCCH which is available for the UE specific search space. When applying a mix of cross-scheduled UEs, applying multiple different scheduling delays will increase the scheduling complexity significantly while increasing the risk of fragmentation of the PDCCH and/or PDSCH resources. Hence, it would be strongly preferable for the gNB to only apply one or a few minimum applicable values of K0/K2 for cross-slot scheduling. Hence, from gNB point of view, it would make sense that the UE is allowed to provide its preference for K0/K2, but the gNB would most likely only apply one common value, which might differ from the recommended value. Therefore the assistance information for cross-slot scheduling power saving could be restricted to few K0 and K2 values. E.g. K0={A,B,C} and K2={D,E,F}. 
Observation 5: The gNB selection of minimum applicable value of K0/K2 to be the applied will depend on multiple factors, and the network will configure the same minimum applicable values to groups of UE.
Observation 6: The range for cross-slot scheduling power saving can be restricted to few K0 and K2 values, e.g. 3.
Proposal 1: Introduce preference indication for K0/K2 as a part of the UE capability indication for the minimum applicable offset for cross-slot scheduling power saving. This indication should have limited range
Furthermore, current cross-slot scheduling capability indication in [6], allows a binary indication for the UE so that UE can indicate, separately for PDSCH mapping TypeA and Type B, whether it support K0 value larger than 0. Correspondingly for PUSCH, a UE can indicate whether it supports K2 value larger than 12. It is assumed that if UE would support cross-slot scheduling power saving, it would set PDSCH related indications also to be supported.   

3	Discussion
As discussed in the previous section, the UE assistance information would for most cases be without the holistic view on system performance in mind. Further, the UE would need to spend energy and network resources for providing such additional assistance information, so in order for any UE assistance signalling to be beneficial to the network, and in the end also for the UE itself, the gNB should be able to assess which level of UE power consumption saving is actually achievable. Such information will enable the network to apply the correct optimisation algorithms.
Whether the format of such information is either provided as a UE specific, or as a relative number would not necessarily matter for the network, as the overall goal would be to provide the best overall performance gain. Considering the amount of UE capabilities supported in NR, such gain may even be easier achieved by a relative number, such that a UE supporting many carriers are on equal terms as a UE which supports a single carrier.
Ideally, the gNB would have knowledge of the potential power saving at UE side to be able to evaluate whether it should sacrifice network performance in any domains, which may include BWP, C-DRX settings, MIMO layers, scheduling domain or quality of service domain to follow the recommendations from UE side. In our RAN2 contribution [4] there is a discussion on the benefits of UE reporting of actual power consumption. Such reporting of power consumption would be beneficial for the network to be able to operate the various power saving features according to actual power consumption benefits for the UE.
The benefit of introducing UE power consumption reporting for different states would be that the network would be able to prioritize power saving mechanisms where they provide the best gain for all the entities in the entire network, thereby allowing UE and chipset manufacturers to gradually upgrade their power saving capabilities.
Therefore, we propose that the UE assistance information is also accompanied by a commitment from the UE side with respect to certain power saving gains. As stated in the above, we see that if the guidelines provided by the UE are not providing the promised power saving gains, we may see a significant degradation on network performance, which will impact several, if not all UEs. Such commitment could be implemented through the RAN4 specifications which would ensure that the claimed benefits on the UE side are actually being provided to the network and the end user.
Observation 7: Knowledge of UE power consumption in different states would help the gNB making qualified configuration of UE for power saving for all network entities.
Proposal 2: There should be a possibility for the network to obtain information on UE power consumption under different configurations. 
Proposal 3: The reported UE power consumption may be relative and UE specific. 
Proposal 4: There should be test cases defined in RAN4 to verify the claimed UE power saving gains

4	Conclusions
In this contribution we have the following observations and proposals:
Observation 1: UE assistance information for frequency domain (BWP adaptation) may compromise gNB multiplexing capability.
Observation 2: gNB adaption to UE assistance information in the time domain may compromise the gNB ability to fulfil quality of service requirements.
Observation 3: Even though UE assistance information in the antenna/MIMO domain may be beneficial, the UE recommendation would be based on individual evaluation only.
Observation 4: For cross-slot scheduling, the preference indication for K0/K2 would be static and could be provided as a part of the UE capability indication.
Observation 5: The gNB selection of minimum applicable value of K0/K2 to be the applied will depend on multiple factors, and the network will configure the same minimum applicable values to groups of UE.
Observation 6: The range for cross-slot scheduling power saving can be restricted to few K0 and K2 values, e.g. 3.
Observation 7: Knowledge of UE power consumption in different states would help the gNB making qualified configuration of UE for power saving for all network entities.
Proposal 1: Introduce preference indication for K0/K2 as a part of the UE capability indication for the minimum applicable offset for cross-slot scheduling power saving. This indication should have limited range
Proposal 2: There should be a possibility for the network to obtain information on UE power consumption under different configurations. 
Proposal 3: The reported UE power consumption may be relative and UE specific. 
Proposal 4: There should be test cases defined in RAN4 to verify the claimed UE power saving gains
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