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1. Introduction
The work item on UE power saving enhancements was approved in RAN#86, and the following agreements were made during the last meeting [1]:
	Agreements:
1. Strive for a common design for DCI based PDCCH monitoring adaptation in active time for an active BWP to support functionalities inclusive of both SSSG switching and PDCCH skipping for a duration. 
0. Details FFS
Agreements:
· Further study whether and how to minimize the impact to data scheduling for new transmissions and retransmissions.
· FFS details
· Further study the application delay for PDCCH adaptation indication
Agreements:
For DCI based PDCCH skipping in active time for an active BWP (if supported), the following can be further considered,
· Explicit indication of PDCCH adaptation
· Scheduling DCI
· Format 1_1
· Format 0_1
· Format 0_2/1_2
· Non-scheduling DCI
· Format 2_6 in active time
· Format 2_0
· Format 1_1 (SCell dormancy case 2)
· additional indication mechanism
· By reusing Rel-16 SCell dormancy indication when CA is configured, FFS details
· By reusing Rel-16 cross-slot scheduling indication when R16 cross-slot scheduling is configured, FFS detailds
· DCI dynamically indicates a duration/periodic interval for skipping
· FFS: how to indicate the duration/period interval, e.g., number of slots or skipping current DRX
· PDCCH skipping for a duration indicated by minimum scheduling offset
· Others are not precluded
Agreements
· For DCI based SSSG switching in active time for an active BWP (if supported), the following can be further considered,
· Explicit indication of PDCCH adaptation
· Scheduling DCI based
· Format 1_1,
· Format 0_1,
· Format 0_2/1_2
· Format 1_0
· Non-scheduling DCI supported by vivo, Samsung
·  Format 2_6 in active time
· Format 2_0
· Format 1_0
· Format 1_1 (SCell dormancy case 2)
· additional indication mechanism
·  By reusing Rel-16 SCell dormancy indication when CA is configured, FFS details
· By associating Rel-16 cross-slot scheduling indication when R16 cross-slot scheduling is configured, FFS detailds
· DCI dynamically indicates a duration period for the switched SSSG, UE switch back to previous/default SSSG after duration endstimer expried
· Timer-based SSSG switching, including RRC configured a timer, UE switch back after timer expired.
· SSSG activation/deactivation
· FFS: Implicit SSSG switching
· SSSG switching triggered by SR
· SSSG switching triggered by RACH
· Default SSSG that a UE monitors when coming out of DRX to monitor an ON duration.
· FFS: whether/how to support SSSG switching for multiple groups of cell(s).
· FFS: whether/how to support SSSG switching in active time with DCP outside active time
· FFS: whether / how to support more than 2 SSSGs,
· FFS: number of SSSGs
· FFS: a search space set group to emulate PDCCH skipping
· Others are not precluded
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




This contribution discusses and analyses issues and potential enhancements for power saving in connected mode.

2. Unified Design for Dynamic PDCCH Monitoring Adaption
In the last meeting, it has been agreed to strive for a common design which supports the functionalities of SSG switching as well as PDCCH skipping. Furthermore, it is of importance to keep the standardization efforts as low as possible. Hence, reusing already specified features to enable these functionalities are to be favored. 
In Rel-16, dynamic search space switching was introduced for access to unlicensed bands. This mechanism allows for dynamic switching of search space monitoring periodicities within a BWP. Although being introduced for a different purpose, this mechanism can be adapted and reused for power saving purposes. 
In the current procedure, search spaces are grouped into two search space groups, 0 and 1. The UE monitors search spaces associated with group 0 upon detecting a DCI and then changes to search space group 1, responsively. Adapting to power saving, search space group 1 can be used to configure the UE with a sparse set of monitoring occasions which can be switched to more dense monitoring periodicities on demand based on the traffic, as depicted in Figure 1. This mechanism can be the starting point for a unified design.

[bookmark: _Toc71640706]Use the SSG switching mechanism as a starting point for a unified design.

[image: ]
[bookmark: _Ref61431725]Figure 1: PDCCH monitoring sparsening by utilizing the SS switching mechanism. 
One aspect of further studies is how to trigger the search space group switching. Since the procedure was defined to handle out-of-COT and in-COT switching, any DCI format detected in group 0 can trigger a switch. However, in power saving it depends on different requirements, such as whether more follow-up traffic is expected. An unintentional search space switching by a single incoming packet should be avoided. Hence, an indication whether to trigger or not to trigger a switch is required. On the other hand, a separate DCI to trigger the switch increases the control payload significantly and also increases the BD burden on the UE.
Following triggering methods can be considered:
· Alt. 1: UE-specific DCI format, e.g. DCI format 0_1/1_1
· Alt. 2: group common DCI format
A group common DCI format would have to incorporate an UE indicator to address specific UEs and not to wake-up multiple UEs which would cause waste power consumption. However, this would increase the standardization complexity and hence, should be deprioritized for the triggering mechanism. A UE-specific DCI format including a field to trigger should be favored. 
[bookmark: _Toc71640707]Specify a scheduling DCI format with a trigger indicating an SSG switch.
The overhead and standardization impact of such a trigger field has to be considered carefully. To overcome aforementioned limitations, we propose that RAN1 focuses on efficient ways to implicitly signal an SS switch. The minimum scheduling offset is such an implicit signaling which could be reused to trigger a change of the SS groups and further provide an additional power saving gain thanks to internal processing relaxations, see Figure 2 below.
[image: ]
[bookmark: _Ref61867314]Figure 2: SS group-based periodicity
Hence, a certain minimum scheduling offset may indicate that the UE is supposed to monitor the dense SS group and vice versa, a larger offset may signal to apply a sparser monitoring pattern. The main advantages of this approach can be summarized as 
· No explicit signaling required to indicate an SS group switch,
· Additional power saving gain thanks to cross-slot scheduling.
[bookmark: _Toc71640708]Adopt SSG switching using the minimum offset signaling to trigger a switch.

Furthermore, it has been agreed to specify a unified scheme to support SSG switching as well as PDCCH skipping. For that purpose, the SSG switching mechanism can be modified such that PDCCH can be supported. An empty SSG coupled with a timer can be enabled. Once this SSG is activated it would stay active only for the duration of the timer. This would also enable to configure “skipping patterns” by configuring SSGs accordingly and switching back to the original SSG after the timer has passed.

[bookmark: _Toc71640709]Support PDCCH skipping by enabling empty or non-empty SSGs which stay active for a configured time duration.

3. Relaxed PDSCH processing
The minimum scheduling offset relaxes the PDCCH processing timeline of the UE. The same technique can also be applied in principle to PDSCH processing. Based on certain parameters, such as the minimum scheduling offset, the UE can be configured with more stringent or more relaxed times to process its PDSCHs, so that it can clock down its processing circuits in order to save power. This would essentially affect the HARQ timeline. However, depending on the current requirements, the network could configure this feature accordingly in order to achieve a certain target latency. Furthermore, this feature could also be coupled to the minimum scheduling offset or the SS groups to reduce required signaling.
[bookmark: _Toc71640710]The PDSCH processing time shall be adaptable based on certain parameters, e.g., the minimum scheduling offset or the currently active SS group. 

4. Conclusions
The following proposals have been made in this document:
Proposal 1:	Use the SSG switching mechanism as a starting point for a unified design.
Proposal 2:	Specify a scheduling DCI format with a trigger indicating an SSG switch.
Proposal 3:	Adopt SSG switching using the minimum offset signaling to trigger a switch.
Proposal 4:	Support PDCCH skipping by enabling empty or non-empty SSGs which stay active for a configured time duration.
Proposal 5:	The PDSCH processing time shall be adaptable based on certain parameters, e.g., the minimum scheduling offset or the currently active SS group.

5. [bookmark: _Toc21362209][bookmark: _Toc21362372][bookmark: _Toc21362477][bookmark: _Toc21338841][bookmark: _Toc21338942][bookmark: _Toc21338854][bookmark: _Toc21338955]References
[1] RAN1 Chairman’s Note, 3GPP TSG RAN WG1 Meeting #104-e
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