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Introduction
[bookmark: _Hlk53783455][bookmark: _Hlk53780111]During RAN1 #104-e meeting, RAN1 made the following agreements for enhanced DCI-based power saving adaptation during DRX active time [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
· 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 associating Rel-16 cross-slot scheduling indication when R16 cross-slot scheduling is configured, FFS details
· DCI dynamically indicates a duration for the switched SSSG, UE switch back to previous/default SSSG after duration ends
· 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
· Others not precluded

In this document, we discuss how to support search space adaptation and dynamic PDCCH skipping, as potential enhancements to DCI-based power saving adaptation during DRX active time. 
Discussion 
In Rel-16, a UE can receive an explicit indication of search space switching between two groups of configured search spaces via group-common PDCCH, e.g. DCI format 2_0. Alternatively, the UE can switch from monitoring search space sets with group index 0 to monitoring search space sets with group index 1 upon detecting a DCI format by monitoring PDCCH according to a search space set with group index 0. Further, the UE can switch back to the search space sets with group index 0 upon expiry of a search space switching timer, where the search space switching timer is initially set to a value of the parameter searchSpaceSwitchingTimer-r16. 
It is expected that Rel-17 UE should be able to exploit at least Rel-16 UE power saving features, such as DCI format 2_6 based adaptive DRX operation and DCI format 2_6/ DCI format 0_1/DCI format 1_1 based SCell dormancy/non-dormancy behaviour, for UE power saving. UE can fully utilize both Rel-16 and Rel-17 UE power saving features without increasing PDCCH monitoring capability (e.g. the maximum number of DCI formats/DCI sizes configured to monitor), when a DCI format(s) supports both Rel-16 and Rel-17 power saving adaptation. Thus, enhancing the DCI formats that were used for Rel-16 power saving adaptation (i.e. Alt 2a) may be more appropriate than enhancing Rel-16 search space set group (SSSG) switching.  
For example, regarding explicit SSSG switching indication via group-common PDCCH for a UE configured with DCI format 2_6 for adaptive DRX operation specified in Rel-16, DCI format 2_6 based SSSG switching indication may be better than DCI format 2_0 based indication, since it can reduce the number of DCI formats that the UE has to monitor. 
Observation 1: UE can fully utilize both Rel-16 and Rel-17 UE power saving features without increasing PDCCH monitoring capability, if a given DCI format(s) supports both Rel-16 and Rel-17 power saving adaptation.
Proposal 1: For DCI based PDCCH monitoring adaptation in active time, support Alt 2a, i.e. enhancement of DCI(s) utilized for Rel-16 power saving adaptation for supporting both skipping PDCCH monitoring for a duration and SSSG switching.
Search space set adaptation
A search space configuration includes information of a DCI format, a control resource set (CORESET) identity, a monitoring periodicity and slot offset, a PDCCH monitoring duration, and a PDCCH monitoring symbol(s) within a slot, and the number of PDCCH candidates. In Rel-16, a UE can further be provided one or more search space group indexes for a respective Type3-PDCCH common search space (CSS) set or UE-specific search space (USS) set by searchSpaceGroupIdList for SSSG switching based adaptive PDCCH monitoring on a serving cell. If a UE is provided cellGroupsForSwitchList, indicating one or more groups of serving cells, the UE applies SSSG switching to all serving cells within each group. Currently, in order for a UE to adapt PDCCH monitoring periodicities for a given DCI format, gNB has to configure the UE with separate search space sets with different search space group identities and different PDCCH monitoring periodicities. If search space configuration parameters other than a monitoring periodicity and slot offset are the same, separate search space configurations may lead to an unnecessary high signalling overhead.  
Observation 2: Rel-16 search space set group configuration may result in an unnecessary high signalling overhead. 
If a UE is configured with multiple values for a subset of search space configuration parameters in a given search space configuration, the UE can perform search space adaptation with minimal increase of signaling overhead. For example, each of the search space configuration parameters, monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration, is configured with two values, where the first values of the parameters are applied together for low latency operation, e.g. span-based PDCCH monitoring, and the second values of the parameters are applied together for e.g. slot-based PDCCH monitoring. The UE can receive an indication of which parameter value(s) to apply for determining corresponding PDCCH monitoring occasion(s).
-	a PDCCH monitoring periodicity of  slots and a PDCCH monitoring offset of  slots, by monitoringSlotPeriodicityAndOffset
-	a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the CORESET within a slot for PDCCH monitoring, by monitoringSymbolsWithinSlot 
-	a duration of  slots indicating a number of slots that the search space set  exists by duration 
Proposal 2: In Rel-17, support configuring more than one value for a subset of search space configuration parameters in a given search space configuration.
Similar to Rel-16 SSSG, Rel-17 NR may support both group-common DCI based search space switching indication and scheduling DCI based search space switching indication. For group-common DCI based indication, the search space parameter adaptation indication can be signaled together with a wake-up indication in DCI format 2_6. This allows a UE to adapt a PDCCH monitoring behavior when starting an ON duration timer in every DRX cycle. Scheduling DCI based indication further allows small-scale adaptation within the DRX cycle, as needed.   
Proposal 3: Rel-17 NR supports search space adaptation when starting an ON duration timer in every DRX cycle based on DCI format 2_6. Further, Rel-17 NR supports small-scale search space adaptation within a DRX cycle based on scheduling DCI.
Scheduling DCI based PDCCH skipping
In order to further reduce PDCCH monitoring during Active Time, multi-PDSCH/multi-PUSCH scheduling and scheduling based dynamic PDCCH skipping can be considered. In an example, if a UE detects a DCI format scheduling one or multiple PDSCHs/PUSCH on one or multiple slots, the UE may skip monitoring the DCI format (i.e. does not perform blind decoding of PDCCH candidates for the DCI format) on a certain set of PDCCH monitoring occasions for the DCI format. The set of PDCCH monitoring occasions not to be monitored may be determined based on scheduling information in the detected DCI, a scheduling offset value (e.g. K0/K2), the minimum scheduling offset values for PDSCH and PUSCH (K0_min/K2_min), and/or an indication of whether out-of-order scheduling is allowed. 
In one example, for a given scheduled PDSCH or PUSCH in a scheduled cell, a set of PDCCH monitoring occasions for a UE to skip monitoring a DCI format in a scheduling cell is determined as a set of consecutive PDCCH monitoring occasions for the DCI format, which starts from a PDCCH monitoring occasion right after a PDCCH monitoring occasion, where the UE has detected the DCI scheduling the given PDSCH or PUSCH, and ends at the latest DCI monitoring occasion, where DCI scheduling the given PDSCH or PUSCH can potentially be transmitted according to the minimum scheduling offset restriction. 
In another example, for a given set of scheduled PDSCHs or PUSCHs in a scheduled cell, a set of PDCCH monitoring occasions for a UE to skip monitoring a DCI format in a scheduling cell is a set of consecutive PDCCH monitoring occasions for the DCI format, which starts from a PDCCH monitoring occasion right after a PDCCH monitoring occasion, where the UE has detected the DCI scheduling the given set of PDSCHs or PUSCHs, and ends at the latest DCI monitoring occasion, where DCI scheduling the last PDSCH or PUSCH from the given set of scheduled PDSCHs or PUSCHs can potentially be transmitted according to the minimum scheduling offset restriction. 
In an example shown in Figure 1, assuming that out-of-order scheduling is not allowed and a PDCCH monitoring occasion is configured in every slot, UE’s PDCCH monitoring can be dynamically adjusted as follows: UE detects the first DCI (i.e. PDCCH 0) on slot 0 scheduling PDSCHs 0-2 on slots 2, 3, and 4, respectively. With K0,min equal to 2, the UE can be scheduled on slot 3 via a PDCCH the latest on slot 1. Similarly, the UE can be scheduled on slot 4 via a PDCCH the latest on slot 2. Since the UE has already been scheduled with PDSCHs 2 and 3 on slots 3 and 4, respectively, the UE skips monitoring of the DCI format on slots 1 and 2 (if configured and/or if dynamically indicated for skipping). Once the UE detects the second DCI (i.e. PDCCH 1) on slot 4 scheduling PDSCH 3 on slot 7, the UE skips monitoring of the DCI format on slot 5, the latest slot where the UE can receive a PDCCH scheduling a PDSCH on slot 7. Similarly, upon detecting the third DCI (i.e. PDCCH 2) on slot 6 scheduling PDSCH 4 on slot 9, the UE skips monitoring of the DCI format on slot 7, the latest slot where the UE can receive a PDCCH scheduling a PDSCH on slot 7.  

Figure 1 Examples of skipping of DCI monitoring based on PDSCH scheduling information and the minimum applicable K0 (K0, min) for the active DL BWP
UE may receive an indication of whether to skip monitoring of a DCI format on a set of PDCCH monitoring occasions in scheduling DCI. For example, joint encoding of the minimum applicable scheduling offset and an indication of PDCCH monitoring skipping is shown below:
For a DCI format scheduling at least one PDSCH and/or PUSCH, one of DCI fields in the DCI format is given by  
-	Minimum applicable scheduling offset indicator – 0, 1, or 2 bits 
-	0 bit if higher layer parameter minimumSchedulingOffset is not configured;
-	1 bit if higher layer parameter minimumSchedulingOffset is configured. The 1 bit indication is used to determine the minimum applicable K0 for the active DL BWP and the minimum applicable K2 value for the active UL BWP according to Table 7.3.1.1.2-33. If the minimum applicable K0 is indicated, the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP shall be the same as the minimum applicable K0 value. 
-	2 bits if higher layer parameter minimumSchedulingOffset is configured and if higher layer parameter dciMonitoringSkip is configured. In an example shown in Table X1, each index indicated by the 2-bit field represents a different combination of the minimum applicable K0/K2 values and DCI monitoring behaviours.
Table X1: Joint indication of minimum applicable scheduling offset K0/K2 and PDCCH skipping
	Bit field mapped to index
	Minimum applicable K0 for the active DL BWP, if minimumSchedulingOffset is configured for the DL BWP
	Minimum applicable K2 for the active UL BWP, if minimumSchedulingOffset is configured for the UL BWP
	Skipping of DCI monitoring, if dciMonitoringSkip is configured for the DL BWP

	0
	The first value configured by minimumSchedulingOffset for the active DL BWP
	The first value configured by minimumSchedulingOffset for the active UL BWP
	Skipping of DCI monitoring for the DCI format

	1
	The first value configured by minimumSchedulingOffset for the active DL BWP
	The first value configured by minimumSchedulingOffset for the active UL BWP
	Skipping of DCI monitoring for the DCI format and a first associated DCI format

	2
	The first value configured by minimumSchedulingOffset for the active DL BWP
	The first value configured by minimumSchedulingOffset for the active UL BWP
	Skipping of DCI monitoring for the DCI format and first and second associated DCI formats

	3
	The second value configured by minimumSchedulingOffset for the active DL BWP if the second value is configured; 0 otherwise
	The second value configured by minimumSchedulingOffset for the active UL BWP if the second value is configured; 0 otherwise
	Monitoring all DCI formats as configured



Proposal 4: Support scheduling-DCI based dynamic PDCCH skipping during Active Time for UE power saving.
Proposal 5: A set of PDCCH monitoring occasions not to be monitored can be determined based on scheduling information including a scheduling offset value (e.g. K0/K2) and the minimum scheduling offset values for PDSCH and PUSCH (K0_min/K2_min).
Proposal 6: Support joint indication of minimum applicable scheduling offset K0/K2 and PDCCH skipping.
Conclusion
In summary, we propose the followings for Rel-17 NR UE power saving enhancement for connected mode UEs:
· Observation 1: UE can fully utilize both Rel-16 and Rel-17 UE power saving features without increasing PDCCH monitoring capability, if a DCI format(s) supports both Rel-16 and Rel-17 power saving adaptation.
· Proposal 1: For DCI based PDCCH monitoring adaptation in active time, support Alt 2a, i.e. enhancement of DCI(s) utilized for Rel-16 power saving adaptation for supporting both skipping PDCCH monitoring for a duration and SSSG switching.
· Observation 2: Rel-16 search space set group configuration may result in an unnecessary high signalling overhead. 
· Proposal 2: In Rel-17, support configuring more than one value for a subset of search space configuration parameters in a given search space configuration.
· Proposal 3: Rel-17 NR supports search space adaptation when starting an ON duration timer in every DRX cycle based on DCI format 2_6. Further, Rel-17 NR supports small-scale search space adaptation within a DRX cycle based on scheduling DCI.
· Proposal 4: Support scheduling-DCI based dynamic PDCCH skipping during Active Time for UE power saving.
· Proposal 5: A set of PDCCH monitoring occasions not to be monitored can be determined based on scheduling information including a scheduling offset value (e.g. K0/K2) and the minimum scheduling offset values for PDSCH and PUSCH (K0_min/K2_min).
· Proposal 6: Support joint indication of minimum applicable scheduling offset K0/K2 and PDCCH skipping.
References
[1] [bookmark: _Ref61389865][bookmark: _Ref54268310][bookmark: _Ref53738271][bookmark: _Ref47714039][bookmark: _Hlk53779907]“RAN1 Chairman’s Notes”, RAN1 104-e meeting, January 25th – February 5th, 2021.   
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