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Introduction
In RAN plenary #86, a Rel-17 work item of UE power saving enhancement was approved. The description of the work item was captured in [1], and it was slightly updated to reflect the modified Rel-17 schedule in RAN #88e [2]. As per the WID, a key aspect of the UE power saving enhancement is connected mode power saving, which is basically continuation of Rel-16 UE power saving WI. In particular, the WID suggests potential extension(s) of Rel-16 DCI-based power saving schemes, including PDCCH monitoring reduction when C-DRX is configured.
In this contribution, we present our initial views on the UE power saving enhancement for connected mode UEs. Any potential update requirements for the existing UE power evaluation methodology (Appendix of TR 38.840) are also discussed.
Discussion on connected mode UE power saving
Potential evaluation methodology update
During Rel-16 UE power saving SI, common power consumption models, traffic models, and evaluation methodology were agreed (Appendix of TR 38.840). The common models and methodology have extensively used throughout Rel-16 UE power saving SI/WI and served as a unified framework for aligning and comparing power saving gains of proposals from different sources. At least in the scope of Rel-16 power saving, any significant shortcomings of the common models and methodology have been identified.
As per the WID [2], Rel-17 connected-mode power saving is viewed as continuation of Rel-16 power saving; some open issues that are not sufficiently covered in Rel-16 partly due to lack of work time, such as FR2 power saving and PDCCH monitoring reduction, can be revisited during Rel-17. In addition, considering the limited time budget, the scope of Rel-17 connected-mode power saving should remain at a manageable level. Thus, in our view, it is desirable to keep the same scope as that of Rel-16, focusing on the eMBB use cases. Any other use cases, such as the Reduced Capability NR Devices and XR, would be handled in the corresponding working sessions.
As such, the common evaluation models and methodology in Rel-16 power saving can be mostly reused for Rel-17. Moreover, as a part of the evaluation models and methodology, a diverse set of traffic models and reference DRX configurations are provided, which can represent typical operating situations of the network according to realistic traffic patterns.
[bookmark: _Toc47691394]Observation 1: For Rel-17 connected-mode power saving evaluation, need for additional DRX cycles other than those recommended in TR 38.840 is not evident.
[bookmark: _Toc47691395]Observation 2: For Rel-17 connected-mode power saving evaluation, evaluation for Short cycle DRX is not necessary. 
[bookmark: _Toc47691396]Observation 3: For Rel-17 connected-mode power saving evaluation, need for new traffic models other than those in TR 38.840 is not evident.
Based on the observations above, the following proposal is put forward.
[bookmark: _Toc47691398]Proposal 1: For Rel-17 connected-mode power saving evaluation, the Rel-16 power models, traffic models, and evaluation methodology in TR 38.840 are reused.

PDCCH monitoring reduction techniques
During Rel-16 UE power saving WI, PDCCH monitoring reduction techniques have been intensively discussed. According to the conclusion in TR 38.840, some PDCCH monitoring adaptation schemes can achieve power saving gains of 9%~83% range, at the expensive of increased latency of 0.1%~75%. Despite the evident gains, no consensus was made on a specific PDCCH monitoring reduction scheme due to divergent views from different companies. As continuation of the Rel-16 effort, we present our views in the following subsections.

Dynamic search space set adaptation
In Rel-16, a dynamic search space set switching mechanism has been introduced in the context of the NR operation with shares spectrum channel access. The primary purpose of the mechanism is allowing more frequent channel access opportunities for the gNB to minimize the risk of losing the medium after gaining the access. Up to two groups of search space sets can be configured, and various explicit or implicit conditions of switching between the two groups are provided (Section 10.4 of TS 38.213). In parallel, in Rel-16 UE power saving WI, a dynamic adaptation mechanism of PDCCH monitoring periodicity was discussed. Even with a decent gain observed, the proposal was not adopted due to divergent views. 
During the discussion on Rel-17 UE power saving WID in RAN #86, however, the similarity between the two mechanisms (search space set switching and monitoring periodicity adaptation) was noticed. Both mechanisms are intended to dynamically adjust UE’s PDCCH monitoring pattern. A minor difference is in their default PDCCH monitoring behavior; for shared spectrum operation, the default mode is more frequent monitoring, while, for UE power saving, the default mode is less frequent monitoring. Therefore, it was remarked that the Rel-16 search space set switching mechanism may readily be re-purposed for UE power saving, which would minimize the standardization burden.
[bookmark: _Toc47691397]Observation 4: Rel-16 search space set switching feature can be reused for Rel-17 connected-mode power saving.
It is seemingly straightforward, but further in-depth discussion is required to make the existing search space set switching mechanism available for UE power saving. For example, since the mechanism is associated with Rel-16 NR-U UE features, it should be clarified whether it is also applicable for licensed band operation. Also, the search space switching only relies on group-common signaling (DCI format 2_0) for explicit indication, which is sensible since the shared spectrum channel access and COT sharing is group common in nature. On the contrary, power saving is a UE-specific issue, which highly depends on individual UE’s traffic condition. Thus, a new UE-specific signaling mechanism can be considered to enhance the existing Rel-16 search space set switching mechanism. Based on the same principle as Rel-16 power saving schemes, such as the cross-slot scheduling and SCell dormancy adaptation, UE-specific signaling by a scheduling DCI or DCI format 2_6 may be a good candidate. That is, either a new field may be added to the DCI or any existing fields may be repurposed.
[bookmark: _Toc47691399]Proposal 2: A search space set switching mechanism by a scheduling DCI and/or DCI format 2_6 is considered as a Rel-17 connected-mode power saving scheme.
The explicit switching mechanism by scheduling DCI or PDCCH-WUS may either replace or complement the legacy GC-PDCCH-based mechanism. For example, a set of search space set groups may be separately configured for each switching mechanism. This may enable a hierarchical adaptation of PDCCH monitoring behavior as shown in Figure 1.



[bookmark: _Ref47470058]Figure 1: Search space set switching by various switching mechanisms

PDCCH monitoring skip indication
Indication of PDCCH skipping, or go-to-sleep signal, was discussed in Rel-16 without any conclusion. There are a few outstanding issues identified during the discussion: a) signaling overhead, b) handling potential HARQ retransmission during the indicated skip duration. Fortunately, those issues can easily be addressed by simple enhancements.
First of all, for low-overhead signaling, we can resort to the same principle as Rel-16 power saving schemes, such as the cross-slot scheduling and SCell dormancy adaptation. That is, along with a scheduling grant, a scheduling DCI can also indicate the UE to skip PDCCH monitoring for a certain duration of time, as shown in Figure 2 (b). Further details, such as how to support multiple skip durations and when to start the skip duration may further be discussed during Rel-17.
Also, for handling any potential HARQ retransmission, the UE may keep monitoring PDCCHs at least in a discontinuous manner during the skip duration. Similar to the existing UE behavior for handling HARQ retransmission during the DRX operation, a set of timers (e.g., RTT timer and retransmission timer) may be configured per HARQ process to control the UE’s discontinuous PDCCH monitoring behavior. In this manner, although the overall power saving gain may be compromised by not remaining in sleep for the entire skip duration, the latency performance is never sacrificed.
[bookmark: _Toc47691400]Proposal 3: Scheduling DCI-based PDCCH skip indication is considered as a Rel-17 connected-mode power saving scheme. During the indicated skip duration, the UE can still monitor PDCCH in a discontinuous manner to handle potential HARQ retransmissions. 



(a)


(b)
[bookmark: _Ref47471379]Figure 2: (a) Normal PDCCH monitoring, (b) PDCCH skipping indicated by scheduling DCI
Conclusions
Observation 1: For Rel-17 connected-mode power saving evaluation, need for additional DRX cycles other than those recommended in TR 38.840 is not evident.
Observation 2: For Rel-17 connected-mode power saving evaluation, evaluation for Short cycle DRX is not necessary.
Observation 3: For Rel-17 connected-mode power saving evaluation, need for new traffic models other than those in TR 38.840 is not evident.
Observation 4: Rel-16 search space set switching feature can be reused for Rel-17 connected-mode power saving.

Proposal 1: For Rel-17 connected-mode power saving evaluation, the Rel-16 power models, traffic models, and evaluation methodology in TR 38.840 are reused.
Proposal 2: A search space set switching mechanism by a scheduling DCI and/or DCI format 2_6 is considered as a Rel-17 connected-mode power saving scheme.
Proposal 3: Scheduling DCI-based PDCCH skip indication is considered as a Rel-17 connected-mode power saving scheme. During the indicated skip duration, the UE can still monitor PDCCH in a discontinuous manner to handle potential HARQ retransmissions.
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