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Introduction
[bookmark: _Hlk53783455][bookmark: _Hlk53780111]During RAN1 #103-e meeting, RAN1 made the following observations and agreements for enhanced DCI-based power saving adaptation during DRX active time [1]:
Agreements:
Observation: 
· Each of the following schemes is individually shown to be beneficial for UE power saving compared to the baseline.
· Dynamically switching search space set
· Dynamically skipping PDCCH monitoring for a certain duration or until next DRX ON
· At least the following Rel-15 and/or Rel-16 power saving solutions have been utilized for baseline,
· For eMBB traffic,
· DRX setting(including using short DRX or long DRX with a short IAT or long IAT), Wake-up signal, Cross-slot scheduling, CA/Scell dormancy, MAC-CE skipping, BWP switching
· For VoIP traffic,
· DRX setting(only long DRX cycle with a short IAT), Wake-up signal,  Cross-slot scheduling, MAC-CE skipping
· For IM traffic,
· DRX setting(long DRX cycle [with a short IAT]), Wake-up signal
· For intensive eMBB traffic,
· DRX setting(including using short DRX or long DRX with a short IAT), Wake-up signal, Cross-slot scheduling, [CA/Scell dormancy], MAC-CE skipping, BWP switching
· Note: intensive eMBB traffic is optional and companies may use FTP model 3 with different packet size and mean data arrival time, e.g., 15ms, 30ms, 50ms or 100ms. 
· Note 1: For Search space switching, switching from 1slot monitoring to 2, 4, 8, 10, 16 or 32 slot with 30kHz SCS (FR1) and 120kHz (FR2) is utilized.
· Note 2: For PDCCH skipping , skipping 2ms, 4ms, 5ms, 8ms, 15ms, 16ms, 32ms,  64ms or to next DRX cycle is utilized
· Note 3: the baseline assumed may vary across companies

Agreements:
· Specify at least one of the following options for Rel-17 dynamic PDCCH adaptation for active time,
· Option 1: Search space set group switching, e.g., including explicit and implicit search space set group switching 
· Option 2: PDCCH skipping for a certain duration / DRX cycle
· FFS: which option(s)
· Candidate DCI formats for dynamic PDCCH adaptation include DCI formats 1_1 (including scheduling and non-scheduling DCI), 0_1, 1_2, 0_2, 2_0, 2_6.
· Note:
· Companies are encouraged to provide analysis on specification impact, power saving benefit and system impact (e.g., packet latency, system overhead)
· FFS: other schemes are not precluded for further study

In this document, we discuss power saving DCI based search space adaptation and scheduling DCI based dynamic PDCCH skipping, as potential enhancements to DCI-based power saving adaptation during DRX active time. 
Power saving DCI based search space adaptation
In Rel-16 NR-U, a UE can receive an 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. Regarding explicit switching indication via group-common PDCCH, if UE is configured with DCI format 2_6 for adaptive DRX operation specified in Rel-16, DCI format 2_6 based search space switching indication may be better than  DCI format 2_0 based indication, since it can reduce the number of DCI formats to monitor. 
If a UE is configured with multiple values for search space configuration parameters in a given search space configuration or multiple sets of search space configuration parameters in the given search space configuration, the UE can receive an indication of which parameter value(s) or which parameter set to apply, via enhanced power saving DCI, in order to determine corresponding PDCCH monitoring occasion(s). That is, the search space parameter adaptation indication may be signaled together with a wake-up indication. This allows gNB to adapt the search space configuration in every DRX cycle.
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. 
-	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 
In another example, two sets of the search space configuration parameters can be configured for a search space set: 
· monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration
· monitoringSlotPeriodicityAndOffset2, monitoringSymbolsWithinSlot2, and duration2
An example enhanced power saving DCI format (e.g. DCI format 2_6A) is provided below: (
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[bookmark: _GoBack]Proposal 1: Support adaptation of a search space configuration in every DRX cycle via enhanced power saving DCI, e.g. DCI format 2_6A.
Scheduling DCI based dynamic 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 2: Support scheduling-DCI based dynamic PDCCH skipping during Active Time for UE power saving.
Proposal 3: 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 4: Consider 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:
· Proposal 1: Support adaptation of a search space configuration in every DRX cycle via enhanced power saving DCI.
· Proposal 2: Support scheduling-DCI based dynamic PDCCH skipping during Active Time for UE power saving.
· Proposal 3: 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 4: Consider joint indication of minimum applicable scheduling offset K0/K2 and PDCCH skipping.
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