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Introduction
As per the Rel-17 UE power saving WID [1], one of the key aspects 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 RAN1 #103-e, the power saving gains of different candidate techniques for PDCCH monitoring reduction have been evaluated and compared based on the methodology agreed in RAN1 #102-e [2]. As an outcome of the discussion, two prominent techniques have been selected for continued discussion in Rel-17 UE power saving WI:
· Search space set group switching, e.g., including explicit and implicit switching
· PDCCH skipping for a certain duration/DRX cycle
Although it was a general observation from companies that no single one of the two candidates consistently outperforms the other in all cases, there was also a concern in specifying both techniques, partly due to the burden of standardization and due to the doubt on the additive gain that would be achieved by enabling both techniques together. 
In this contribution, we present our views on the candidate power saving techniques and provide a way forward for further discussion.
Discussion on connected mode UE power saving
[bookmark: _Ref61465591]Enhancement of search space set group switching
In RAN1 #103-e, it was identified that the dynamic search space set group switching mechanism in Rel-16 can be a baseline for connected mode power saving, particularly for the purpose of PDCCH monitoring periodicity adaptation. Since the SS set group switching in Rel-16 has been introduced in the context of the NR operation with shared spectrum access, further discussion on the potential enhancement is necessary in order to apply the same principle for the licensed band operation. Furthermore, since the mechanism is associated only with Rel-16 NR-U UE features, a new UE feature needs to be introduced to support the licensed band operation. 
Also, the Rel-16 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. 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 (e.g., DCI formats 0_1/0_2/1_1/1_2) 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: _Toc61552056][bookmark: Prop_SS_set1]Proposal 1: 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 a scheduling DCI or DCI format 2_6 may either replace or complement the GC-PDCCH-based or implicit mechanism in Rel-16. 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, which would provide enhanced flexibility and power saving.


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

The maximum number of search space set groups also requires further discussion. Since the SS set group switching in Rel-16 supports only two SS set groups, the same number of SS set groups can be assumed in Rel-17 for a simple design. However, it is evident that a larger number of SS set groups may provide improved flexibility and a better power saving gin-latency tradeoff for different traffic models. Additionally, as will be discussed in Section 2.3, to enable a unified design of SS set group switching and PDCCH skipping, it is desirable to allow more than two SS set groups.
[bookmark: _Toc61552057][bookmark: Prop_SS_set2]Proposal 2: For search space set group switching for Rel-17 power saving, the maximum number of search space set groups larger than two is considered.

[bookmark: _Ref53943987]PDCCH monitoring skip indication
For the indication of PDCCH skipping, there are a few outstanding issues identified during the discussion in Rel-16 and RAN1 #102/103-e: a) signaling overhead, b) handling potential HARQ retransmission during the indicated skip duration. In our view, those issues can easily be addressed by some simple enhancement.
First of all, for low-overhead signaling for the PDCCH skip indication, 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.
 


(a)


(b)
[bookmark: _Ref47471379]Figure 2: (a) Normal PDCCH monitoring, (b) PDCCH skipping indicated by scheduling DCI
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 slightly compromised by not remaining in sleep for the entire skip duration, the latency performance is never sacrificed.
[bookmark: _Toc61552058][bookmark: Prop_PDCCH_skip]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.

[bookmark: _Ref61550228]Unified design for DCI-based power saving adaptation
In RAN1 #103-e discussion, although two candidate DCI-based power saving techniques, i.e., search space set group switching and PDCCH skipping, were identified, there was no consensus on which one or whether both of them should be specified in Rel-17. In the discussion, however, the functional similarity between the two techniques was pointed out, and it was suggested as a compromise to strive for a common design for both candidate techniques. Since the common design would minimize the burden of standardization, we believe it is a fair approach that RAN1 should take in Rel-17.
[bookmark: _Toc61552059][bookmark: Prop_unified]Proposal 4: A unified design for search space set group switching and PDCCH skipping should be pursued in Rel-17.
For the common signaling design, as we discussed in Sections 2.1 and 2.2, UE-specific signaling by a scheduling DCI or DCI format 2_6 can be used. In other words, a new field may be introduced in the DCI, where some of the code points indicate SS set group switching (i.e., SS set group index), while some other code points are mapped to PDCCH skipping (i.e., PDCCH skip triggering). 
For the common configuration framework, the configuration of SS set group switching in Rel-16 can be a starting point. Additionally, in order to emulate the function of PDCCH skipping, a new type of SS set group may need to be introduced. For instance, a certain SS set group index may be associated with a null or dormant group, which contains no SS sets. Thus, except for the SS sets that are always monitored regardless of SS set group (i.e., the SS sets not included in any SS set groups), the UE does not monitor any PDCCH when the dormant group index is indicated. By an appropriate configuration of a SS set group timer (e.g., searchSpaceSwitchTimer in Rel-16), the duration of PDCCH skipping can be determined. In addition, if more than one dormant SS set group are supported, each of them may be configured with different timer values, so that indication of different PDCCH skip duration is allowed depending on the traffic conditions. 
Although the introduction of the dormant SS set group is a feasible solution for the unified design, it still fails in handling potential HARQ retransmissions during the dormant group. Therefore, the definition of the dormant SS set group as an empty group with zero associated SS sets should be reconsidered. As an alternative approach, a dormant SS set group may be defined as a subordinate associated with another non-dormant SS set group, and all the configurations of the associated non-dormant group can be inherited to the dormant SS set group. However, unlike the ordinary non-dormant SS set groups, when the dormant SS set group is indicated, the UE may monitors PDCCH discontinuously according to the RTT and ReTx timers, as we discussed in Section 2.2. Effectively, this behavior would be implemented by temporarily suspending or invalidating drx-onDurationTimer and drx-InactivityTimer, while the searchSpaceSwitchTimer of the dormant group is running. At the expiration of the dormant group timer, or after the UE transmits a scheduling request, the UE may transition either to the default SS set group (i.e., group index 0) or to the associated non-dormant group. In Figure 1, an example of transitions among different types of SS set groups is illustrated.
[bookmark: _Toc61552054][bookmark: Obs_dormancy][bookmark: _Toc61552055]Observation 1: For the unified design of DCI-based power saving, search space group switching can be the baseline. To emulate PDCCH skipping with search space group switching, a dormant search space set group can be introduced.
· To enable HARQ retransmission during the dormant search space set group, discontinuous PDCCH monitoring according to RTT and Retransmission timers can be allowed.
· The UE can transition back to a non-dormant search space set group by a dormancy timer or after transmitting a scheduling request.

[bookmark: _GoBack]
Figure 3: Unified design of DCI-based power saving: switching among SS set groups.
Conclusions
Observation 1: For the unified design of DCI-based power saving, search space group switching can be the baseline. To emulate PDCCH skipping with search space group switching, a dormant search space set group can be introduced.
· To enable HARQ retransmission during the dormant search space set group, discontinuous PDCCH monitoring according to RTT and Retransmission timers can be allowed.
· The UE can transition back to a non-dormant search space set group by a dormancy timer or after transmitting a scheduling request.

Proposal 1: 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 2: For search space set group switching for Rel-17 power saving, the maximum number of search space set groups larger than two is considered.
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.
Proposal 4: A unified design for search space set group switching and PDCCH skipping should be pursued in Rel-17.
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