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Introduction
[bookmark: _Hlk510705081]The release 17 work item [1] on UE power saving includes the following objective2. Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a. Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 

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

In this contribution assumptions and concepts relevant to objective 2a are discussed. 
Discussion
General assumptions
When evaluating the potential power saving of any concepts related to objective 2a it is mandatory that existing Rel-15 and Rel-16 power saving features are included to establish the proper baseline.
Observation: Power saving concepts for objective 2a must be compared with baseline utilizing all relevant Rel-15 and Rel-16 power saving features.
Relevant power saving features include the wake-up signal (DCP), BWP switching, dormancy, cross-slot scheduling, and UE assistance information. Using UE assistance information entails the DRX configuration can be expected to be accurately tailored to the present traffic, e.g. DRX long cycle and DRX on duration matching traffic packet periodicity and payload size, respectively. 
Observation: The UE assistance information of Rel-16 result in the DRX configuration to be accurately tailored to any traffic model being studied.
To include the wake-up signal (WUS) feature [4] it will be beneficial to align assumptions on the power consumption required to monitor and receive the WUS and the time-wise configuration of the WUS, i.e. gap between monitoring and DRX on duration (ps-Offset) and the monitoring duration (duration, can be assumed to be 1 slot). It can be assumed that the UE always detects WUS correctly and thus there is no need for ps-WakeupOrNot. 
Proposal: RAN1 to define assumptions on WUS monitoring power consumption and ps-Offset. The duration is 1 slot and WUS is always correctly detected.
In the Release 16 SI, reported in [2], the FTP model 3, web-browsing, video streaming, instant messaging, VoIP, gaming, and background application synchronization were considered, with main focus on the FTP traffic. For traffic models with rather deterministic packet inter-arrival time the selection of DRX long cycle is straight forward, while for stochastic processes the DRX configuration, including short DRX [3], must be carefully evaluated, before initiating evaluation of the new power saving features.
In [3] some suitable configurations for the FTP model 3 were identified:
I. 20 ms long cycle, 5 ms Inactivity timer, 4 ms On Duration, short DRX cycle of 10 ms with 10 cycles
II. 40 ms long cycle, 5 ms Inactivity timer, 4 ms On Duration, short DRX cycle of 20 ms with 5 cycles
III. 80 ms long cycle, 5 ms Inactivity timer, 8 ms On Duration, short DRX cycle of 40 ms with 3 cycles

For other traffic models to be considered, the suitable DRX configurations would need to be determined.

Proposal: RAN1 to define DRX configurations, including short DRX, for selected traffic models before evaluating new power saving features for objective 2a. 
Considerations on traffic models
The traffic models of [2] are all likely to result in uplink traffic in terms of application layer signaling such as acknowledgments. In addition to the application layer uplink traffic it will also be important to consider one or more other uplink transmissions such as HARQ feedback, CSI reporting, transmission of SRS, and RLC communication. While the Rel-16 work was more focused to enhance the power saving through reducing the DL monitoring effort, in Rel-17 work it would seem relevant to consider also the impact of the UL to the power consumption. As the intended enhancements under objective 2a should be more focused on the power consumption in Active time, UL activity should  be accounted in the evaluation of the power consumption. The model in [2] includes power consumption e.g. for long PUCCH and PUSCH with two transmission power levels (namely 200 units at 0dBm and 700 units at 23dBm). The UL traffic modelling was not considered in much detail during Rel-16 evaluations, thus it would require some discussion for Rel-17. 
Proposal: Account also UL activity in the power consumption evaluation for the Active Time.
Firstly it would need to be established the pattern for Uplink Control Information (UCI), where the main focus would be in HARQ FB and CSI feedback. This would be applicable for DL heavy traffic models (e.g. FTP traffic) as well as bi-dirctional traffic models (VoIP). In order to minimize the modelling effort, it would seem that from power consumption perspective HARQ FB (with some bundling) could correspond to DL traffic activity e.g. so that if DL packet(s) have been received corresponding HARQ FB(s) will be provided in first UL slot after PDSCH processing time. For CSI reporting a simple periodic UL activity could be used e.g. with periodicity of [10ms].
Proposal: Model UCI related UL activity as DL triggered (HARQ FB) and periodic (CSI reporting).
Certain traffic models are more equal in terms of DL and UL activity, such as VoIP and can be applied to DL and UL, respectively. Thus UL activity (PUSCH) could be modelled based on the applied traffic model.
Proposal: For bi-directional traffic, base the UL user data activity on the corresponding traffic model.
As the assumed deployment considered in Rel-16 power saving evaluations was TDD, in conjunction with the UL activity the UL-DL slot pattern would need to be established.  Assuming e.g. TD-LTE Config2 with 5ms period as a baseline, the NR UL-DL slot configuration with 30kHz scs could be approcimated as {DDDDDDUUUU} (6 DL, 4 UL). 
Proposal: Approximate the UL-DL slot configuration with 5ms pattern as {DDDDDDUUUU} (6 DL, 4 UL).
In addition to the previously discussed traffic models it may be interesting to evaluate video calling/conferencing type of traffic which has gained some footprint recently. A video call will result in both uplink and downlink data traffic, and therefore impact UE battery life. In [6] which was used in earlier evaluations as well, a model for video calling (64kbps) was presented. This could be used a starting point for a traffic model. It is good to note that unless the PDSCH (or PUSCH) are more explicitely modelled, the packet size/payload has lesss significance than the interarrival time of packets. 
Proposal: RAN1 to select/define a video call/conference traffic model e.g. based on [6]. 
Besides uplink and downlink traffic-related signaling, the UE is also required to perform radio link monitoring and neighbor measurements. Such measurements need to be accound for in the UE power consumption evaluations and thus the SSB and CSI-RS configurations need to be defined. 
Proposal: RAN1 to define SSB and CSI-RS configurations for evaluation of objective 2a.
UE power saving concepts
When evaluating the enhancements and potential new concepts it is important establish certain quidelines to ensure that the potential gains are also achieved in practice and that duplication is avoided. If there is overlap in schemes i.e. different scehmes can reduce the power consumption of certain process, priority should be given to enhancing existing mechanisms.
Proposal: It should be ensured that the introduced enhancements do not have unneccesary overlap, and that priority is given for enhancement of existing functionalities.

The objective is to reduce UE power consumption during DRX Active Time for an active BWP. The power saving can be achieved in various ways and two major options are 
1. Reduced PDCCH monitoring
2. Reduced transmissions of control information in uplink

Reduced PDCCH monitoring was partially addressed in Rel-16 by the introduction of the WUS. However, for scenarios where DL data was transferred and WUS therefore was applied, there still could be room for improvements in terms of reducing the PDCCH monitoring during active time, i.e. for the remainder of InactivityTimer after the data has been transferred.
Meanwhile, in context of NR-U the search space set switching [4] has been developed. The feature relies on DCI format 2_0 using field SearchSpaceSwitchTrigger-r16 or an DCI detection and/or the timer searchSpaceSwitchingTimer-r16, which triggers the UE to switch between search space set group 0 and 1, and vice versa. The search space set groups may have different PDCCH monitoring configurations allowing one group to achieve lower UE power consumption than the other, also TYPE0-TYPE2 CSS search space sets are always monitored and cannot be grouped. A key thing for RAN1 to clarify is the applicability of the search space set switching in licensed band operation. Also possible optimizations to search-space switching could be considered to enhance the power saving attainable through reduced PDCCH monitoring. One point for optimization, could be to include search-space group switching bit(s) in a UE specific DCI (such as DCI format 1_1) instead of group-common PDCCH 2_0. This would allow more user specific PDCCH monitoring adjustements, without need to transmit additional GC-PDCCH, which is much less essential in licensed spectrum compared to unlicensed spectrum. 
Proposal: RAN1 to clarifiy the applicability of search space set switching for UE power saving in licensed bands, and discuss potential optimizations to further reduce the PDCCH monitoring based on it.
Currently, the search space set PDCCH monitoring configurations are mainly focused on adapting the monitoring periodicity, but it may be advantageous to also link the Rel-16 cross-slot scheduling (K0,min) feature to the search space sets. This could be used to have a search space set group with infrequent PDCCH monitoring and K0,min>0, and another group with more frequent PDCCH monitoring and K0,min=0 for fast data transfer.
Observation: To increase power saving gains from PDCCH monitoring adaptation, the search space set switching could be complemented with cross-slot scheduling.
In addition to the basic PDCCH monitoring adaptation based on search space set switching, the NR-U work has also introduced the concept of resource block (RB) sets. An RB set can be marked available or unavailable by the network after which the UE is not required to monitor PDCCH for that specific set of RBs for which gNB failed to acquire channel access. The validity is dynamically indicated using one or more bits in DCI format 2_0 and is valid until the end of indicated channel occupancy. Such functionality can potentially also be adapted for licensed band operation by use of a DCI indicating the availability of one or more RB sets. The monitoring of the DCI itself can be continuous or periodic to further limit the PDCCH monitoring. As compared to bandwidth part switching that could be used for frequency domain PDCCH monitoring adaptation, the delay of RB set monitoring switching is similar to search space set switching (2 slots) and thus potentially significantly shorter. Furthermore, a UE can continue to monitor previous RB set(s) while activating other RB set(s) and does not need to adapt DCI format size based on potential RRC parameter change.
Observation: The concept of resource block sets can be adapted for licensed band operation to control PDCCH monitoring behaviour in the frequency domain. 
During the release 16 WI/SI on UE power saving the concept of PDCCH monitoring skipping was extensively discussed [2] for reducing the power consumption of PDCCH monitoring. The proposed methods were either a go-to-sleep signal style, e.g. asking a UE in Active Time to go to DRX, or stop monitoring PDCCH for a certain duration. The former could readily be achived using a DRX Command MAC CE [5], while the latter could be evaluated for power saving benefits for Active Time. 
Observation: Methods to reduce PDCCH monitoring during Active Time could be evaluated for power saving benefit and specification impact.  
As mentioned in the Section 2.2 the power consumption caused by uplink activity would seem to be relevant when considering Active Time power saving. Therefore, it may be beneficial to consider enhancements related to power consumption caused by uplink transmission.
Observation: Methods to reduce the UL power consumption during Active Time could be evaluated for power saving benefit.

Conclusion
In this contribution we presented some consideration related to Rel-17 NR UE power saving enhancements WID obsetive 2a.
In Section 2.1 we discussed the general assumptions and made following observations and proposals:
Observation: Power saving concepts for objective 2a must be compared with baseline utilizing all relevant Rel-15 and Rel-16 power saving features.
Observation: The UE assistance information of Rel-16 result in the DRX configuration to be accurately tailored to any traffic model being studied.
Proposal: RAN1 to define assumptions on WUS monitoring power consumption and ps-Offset. The duration is 1 slot and WUS is always correctly detected.
Proposal: RAN1 to define DRX configurations, including short DRX, for selected traffic models before evaluating new power saving features for objective 2a. 
Proposal: RAN1 to define DRX configurations, including short DRX, for selected traffic models before evaluating new power saving features for objective 2a. 

In Section 2.2 we discussed the traffic model related aspects:-
Proposal: Account also UL activity in the power consumption evaluation for the Active Time.
Proposal: Model UCI related UL activity as DL triggered (HARQ FB) and periodic (CSI reporting).
Proposal: For bi-directional traffic, base the UL user data activity on the corresponding traffic model.
Proposal: Approximate the UL-DL slot configuration with 5ms pattern as {DDDDDDUUUU} (6 DL, 4 UL).
Proposal: RAN1 to select/define a video call/conference traffic model e.g. based on [6]. 
Proposal: RAN1 to define SSB and CSI-RS configurations for evaluation of objective 2a.
Finally in Section 2.3 we discuss the different mechanisms for power saving enhancements during active time and make following proposals and observations:
Proposal: It should be ensured that the introduced enhancements do not have unneccesary overlap, and that priority is given for enhancement of existing functionalities.
Proposal: RAN1 to clarifiy the applicability of search space set switching for UE power saving in licensed bands, and discuss potential optimizations to further reduce the PDCCH monitoring based on it.
Observation: To increase power saving gains from PDCCH monitoring adaptation, the search space set switching could be complemented with cross-slot scheduling.
Observation: The concept of resource block sets can be adapted for licensed band operation to control PDCCH monitoring behaviour in the frequency domain. 
Observation: Methods to reduce PDCCH monitoring during Active Time could be evaluated for power saving benefit and specification impact.  
Observation: Methods to reduce the UL power consumption during Active Time could be evaluated for power saving benefit.
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