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Introduction
In RAN1 #103-e, the power saving gains of different candidate techniques for PDCCH monitoring adaptation have been evaluated and compared based on the methodology agreed in RAN1 #102-e. 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
From the evaluation results provide by many companies, it was a general observation that no single one of the two candidates consistently outperforms the other in all cases. However, there was also a concern in specifying both techniques in Rel-17, 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. Thus, in RAN1 #104-e, it was agreed to strive for a common design to support the functionalities of both SSSG switching and PDCCH skipping.
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: _Ref61550228]Unified design for DCI-based power saving adaptation
In RAN1 #103-e, although two candidate DCI-based power saving techniques, i.e., SSSG 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, in RAN1 #104-e, the functional similarity between the two techniques was pointed out, and it was agreed as a compromise to strive for a common or unified design for both candidate techniques. Since the unified design would minimize the burden of standardization considering the limited TU of the UE power saving WI, we believe it is a fair approach that RAN1 should take in Rel-17.
For the unified design, rather than starting a new design from scratch, it would be sensible to begin with an existing baseline design and enhance it to build up required functionalities. As agreed in RAN1 #104-e, either Rel-16 SSSG switching or Rel-16 power saving schemes may be considered as the baseline:
	Agreements:
· The following alternatives can be considered for DCI based PDCCH monitoring adaptation in active time for an active BWP for power saving
· Alt 1: Enhancement of Rel-16 SSSG switching to support PDCCH monitoring adaptation including skipping for a duration
· Alt 2a: Enhancement of DCI(s) utilized for Rel-16 power saving adaptation for supporting both skipping PDCCH monitoring for a duration and SSSG switching
· Alt 2b: Enhancement of DCI(s) utilized for Rel-16 power saving adaptation for supporting both skipping PDCCH monitoring for a duration and PDCCH monitoring periodicity adaptation
· Others not precluded


Search space set is a container of configuration parameters governing the time-domain behavior of PDCCH monitoring, e.g., periodicity, offset, monitoring occasion(s) in a slot, aggregation level(s), number of candidates, DCI format(s), etc. In SSSG switching, all of these parameters can be configured differently for different SSSGs. Thus, SSSG switching can enable very fine and flexible PDCCH monitoring adaptation.
[bookmark: obs_1]Observation 1: SSSG switching can potentially provide higher flexibility than other schemes in the joint adaptation of PDCCH monitoring periodicity, aggregation levels, number of candidates, DCI formats, etc.
From the observation above, we think SSSG switching, as in Rel-16, can be an ideal baseline for the unified design. Additionally, in order to emulate the function of PDCCH monitoring skip, which would not be well-supported with legacy SSSG switching, a new type of SSSG may need to be introduced. For instance, a certain SSSG index may be associated with a null or dormant SSSG, which contains no SS sets. Thus, except for the SS sets that need to be always monitored regardless of SSSG (i.e., the SS sets not included in any SS set groups, e.g., common SS sets), the UE does not monitor any PDCCH when the dormant SSSG is indicated. By an appropriate configuration of a SSSG timer (e.g., searchSpaceSwitchTimer in Rel-16) associated with the dormant SSSG, the duration of PDCCH skipping can be determined. In addition, if more than one dormant SSSG are supported, each of them may be configured with different timer values, so that the indication of different PDCCH skip duration is allowed depending on the traffic conditions. In Figure 1, an example of transitions among different types of SSSGs is illustrated.
Although the introduction of the dormant SSSG is a feasible solution for the unified design, it may fail in handling potential HARQ retransmissions during the dormant SSSG. For example, if the last PDSCH that the UE receives before switching to the dormant SSSG is not successfully decoded, the UE would have to wait until it switches back to a non-dormant SSSG to receive an HARQ retransmission for the failed PDSCH. Therefore, the definition of the dormant SSSG as an empty group with zero associated SS sets should be reconsidered. 
As an alternative approach, a dormant SSSG may be defined as a subordinate associated with another non-dormant SSSG, and all the configurations of the associated non-dormant SSSG can be inherited to the dormant SSSG. However, unlike the ordinary non-dormant SSSG, when the dormant SSSG is indicated, the UE may be configured to monitor PDCCH discontinuously according to the RTT and ReTx timers to receive any HARQ retransmission, as shown in Figure 2. Effectively, this behavior would be implemented by temporarily suspending or invalidating drx-onDurationTimer and drx-InactivityTimer during the time duration that searchSpaceSwitchTimer of the dormant SSSG is running. At the expiration of the dormant SSSG timer, or after the UE transmits a scheduling request, the UE may switch either to the default SSSG (i.e., group index 0) or to the associated non-dormant SSSG. 
[bookmark: _Toc61552054][bookmark: prop_1][bookmark: _Toc61552055]Proposal 1: For the unified design of DCI-based power saving, search space group switching is considered as the baseline. To emulate PDCCH skipping with search space group switching, a dormant search space set group is introduced.
· To enable HARQ retransmission during the dormant search space set group, only discontinuous PDCCH monitoring according to RTT and Retransmission timers is allowed, if configured.
· The UE switches back to a non-dormant search space set group by a dormancy timer or after transmitting a scheduling request.



[bookmark: _Ref71227605]Figure 1: Unified design of DCI-based power saving: switching among SS set groups.


(a)


(b)
[bookmark: _Ref71228210]Figure 2: Discontinuous PDCCH monitoring in a dormant SSSG for HARQ retransmission handling: 
(a) when ACK is reported, (b) when NACK is reported.

Triggering mechanisms of power saving adaptation
In Rel-16, at least for an explicit indication option, SSSG switching only relies on group-common signaling (DCI format 2_0). This is sensible since the shared spectrum channel access and COT sharing, which are the primary purposes of Rel-16 SSSG switching, are group common in nature. On the contrary, power saving in the licensed band operation is a UE-specific issue, which highly depends on individual UE’s traffic condition. Thus, new UE-specific triggering mechanisms should 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_1/1_1/0_2/1_2) may be a good candidate during the DRX active time. Also, for signaling outside DRX active time, DCI format 2_6 may be a good candidate, which can indicate the SSSG that the UE should monitor for the next DRX active time. Additionally, DCI format 2_0 and non-scheduling DCI format 1_1 (i.e., similar to Case 2 SCell dormancy indication) can also be used to maintain the design consistency with Rel-16. Either new fields may be added to these candidate DCI formats or any existing fields may be repurposed for indicating PDCCH monitoring adaptation. In particular, for the unified design in Section 2.1, the index of each SSSG, either dormant or non-dormant, may be mapped to a code point and can be indicated by the field in the candidate DCI formats.
[bookmark: _Toc61552056][bookmark: prop_2]Proposal 2: For explicit indication of PDCCH monitoring adaptation, the following candidates are considered:
· Scheduling DCI: DCI formats 0_1/1_1/0_2/1_2
· Non-scheduling DCI: DCI format 1_1 (similar to Case 2 SCell dormancy indication), DCI format 2_0, DCI format 2_6 (outside active time)
For implicit triggering of PDCCH monitoring adaptation, we can rely on the Rel-16 SSSG switching design. That is, for a non-default SSSG, a timer, e.g., searchSpaceSwitchTimer, can be configured, and expiration of the timer indicates to switch back to the default SSSG. Unlike Rel-16 SSSG, if more than two SSSGs are supported, it would be beneficial to allow SSSG-specific timer configuration. For example, if dormant SSSGs are introduced for the unified design, as discussed in Section 2.1, each dormant SSSG can be configured with different timer value so that different PDCCH skip durations can be indicated depending on the traffic.
[bookmark: prop_3]Proposal 3: For implicit indication of PDCCH monitoring adaptation, the following candidates are considered:
· Configured timer (per-non-default SSSG, if more than two SSSGs are supported)
For the unified design discussed in Section 2.1, it is evident that a larger number of SSSG may provide improved flexibility and a better power saving gain-latency tradeoff for different traffic conditions. For example, more than one dormant SSSG may be configured with different length of timers, to implement different PDCCH skip durations. In addition to the dormant SSSGs, some other non-dormant and non-default SSSGs may be configured to implement, e.g., different PDCCH monitoring periodicities.
[bookmark: _Toc61552057][bookmark: prop_4]Proposal 4: For the unified design of PDCCH monitoring adaptation based on SSSG switching, the maximum number of configured SSSGs larger than two is considered.
When the UE is configured with carrier aggregation, depending on the implementation, some RF frontend blocks may be shared across component carriers, in particular for the intra-band CA case. In this case, if the PDCCH monitoring adaptation is performed on per-CC basis, the overall power saving gain will be diluted. For example, if the UE is indicated to skip PDCCH monitoring for a certain duration on a CC, while it still has to monitor PDCCH on another CC sharing the same RF frontend, the UE cannot put the RF frontend into sleep for the indicated skip duration. Typically, a bigger power saving gain is expected by the adaptation of the RF hardware than the adaptation of baseband processing. Thus, to maximize the power saving gain, alignment of PDCCH monitoring adaptation across CCs is deemed to be inevitable. 
It is noteworthy that some Rel-16 schemes, e.g., SCell dormancy adaptation and SSSG switching, already support joint adaptation across CCs based on carrier-groups. The same design principle may be leveraged for the Rel-17 PDCCH monitoring adaptation. That is, one or more groups of component carriers may be configured for the joint adaptation of PDCCH monitoring. The triggering indication may be delivered only on an anchor cell, e.g., PCell or PSCell. Further, the UE may indicate its preferred grouping to the network, e.g., via the UE assistance information feedback. Compared to the SCell dormancy adaptation in Rel-16, the carrier-group-based PDCCH monitoring adaptation will provide more dynamic adaptation, which would be particularly important for some newly emerging traffic types and applications, such as XR, cloud gaming, and video conference.
[bookmark: prop_5]Proposal 5: In the CA scenario, for the joint adaptation across CCs, carrier-group-based PDCCH monitoring adaptation is considered.
Conclusions
Observation 1: SSSG switching can potentially provide higher flexibility than other schemes in the joint adaptation of PDCCH monitoring periodicity, aggregation levels, number of candidates, DCI formats, etc.

Proposal 1: For the unified design of DCI-based power saving, search space group switching is considered as the baseline. To emulate PDCCH skipping with search space group switching, a dormant search space set group is introduced.
· To enable HARQ retransmission during the dormant search space set group, only discontinuous PDCCH monitoring according to RTT and Retransmission timers is allowed, if configured.
· The UE switches back to a non-dormant search space set group by a dormancy timer or after transmitting a scheduling request.
Proposal 2: For explicit indication of PDCCH monitoring adaptation, the following candidates are considered:
· Scheduling DCI: DCI formats 0_1/1_1/0_2/1_2
· Non-scheduling DCI: DCI format 1_1 (similar to Case 2 SCell dormancy indication), DCI format 2_0, DCI format 2_6 (outside active time)
Proposal 3: For implicit indication of PDCCH monitoring adaptation, the following candidates are considered:
· Configured timer (per-non-default SSSG, if more than two SSSGs are supported)
Proposal 4: For the unified design of PDCCH monitoring adaptation based on SSSG switching, the maximum number of configured SSSGs larger than two is considered.
Proposal 5: In the CA scenario, for the joint adaptation across CCs, carrier-group-based PDCCH monitoring adaptation is considered.
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