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Introduction
The following aspects of DCI-based power saving adaptation during DRX Active Time are discussed in this contribution:
· RAN2 specification impact
· Impact on L2 functions
· Impact on DCP
· UE assistance
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To improve the UE power saving in connected mode RAN1 has specified two options to reduce the PDCCH monitoring activity during Active Time [1-4]:
· PDCCH skipping
· Search Space Set Group (SSSG) switching
In the DCI, the gNB can allow the UE to skip PDCCH monitoring for one of the configured durations up to 100 ms. And in the DCI, the gNB can make the UE switch to another search space set group (SSSG) of the active BWP (e.g., with longer PDCCH periodicity to save power). The gNB can configure a switching timer up to 100 ms when the UE will switch back to a configured (default) SSSG. 
The PDCCH skipping and/or SSSG-switching is under gNB control in connected mode, i.e., when the UE has indicated to support the feature, the gNB can configure duration(s), SSSG index(s), and/or SSSG switching timer and dynamically control the UE to skip PDCCH or to switch SSSG. 
Background
RAN1
The RAN1 agreements for DCI-based power saving adaptation during DRX Active Time (objective 2a) can be found in the Status Reports [1-4]. The work item is completed in RAN1, but it is indicated in [4]: 
RAN1 has specified designs that are sufficient for generating RRC parameters and UE feature definitions for the above scope items. RAN1 will enter maintenance phase and resolve the outstanding FFS (see above) and critical issue(s), if identified. The remaining RAN1 work is not expected to cause any blockage to the progress of any other WG.

The RAN1 RRC parameters for DCI-based power saving adaptation during DRX Active Time can be found in [5]. For the case of SSSG-switching, there is SSSG indexes and SSSG-switching timer to configure, and for PDCCH skipping, there is a list of PDCCH-skipping durations to configure. Furthermore, the following FFS's can be identified concerning the skip duration:
· FFS: Equal to or longer than the applicable minimum scheduling offset
· FFS: additional symbol level / PDCCH monitoring period level skipping duration
And for both SSSG-switching timer and PDCCH-skipping durations, the possible duration/timer value for the 480kHz and 960kHz scenarios remain FFS.
The RAN1 UE features are provided in [6]. RAN1 identified 3 or 4 optional features with capability signalling:
	Index
	Feature group
	Components
	Prerequisite feature groups

	29-3a
	PDCCH skipping
	Support of up to 2-bit indication of PDCCH skipping by scheduling DCI if SSSG is not configured
	

	29-3b
	2 search space sets group switching
	Support of 1-bit indication of SSSG switching between 2 SSSGs by scheduling DCI, and timer based switching, without PDCCH skipping
	

	29-3c
	3 search space sets group switching
	Support of 2-bit indication of SSSG switching among 3 SSSGs by scheduling DCI and timer based switching. FFS whether to merge with 29-3b
	29-3b

	29-3d
	2 search space sets group switching with PDCCH skipping
	Support of 2-bit indication of SSSG switching between 2 SSSGs with PDCCH skipping by scheduling DCI and timer based switching
	29-3a, 29-2b


So, the UE can indicate to support PDCCH skipping or SSSG-switching or both.
RAN2
RAN2 did not discuss DCI-based power saving adaptation during DRX Active Time yet. 
Search space switching was introduced in Rel-16 for Shared Spectrum (see 38.306 capabilities (extended)searchSpaceSwitchWith(Without)DCI and searchSpaceSwitchCapability2 and 38.331 IE searchSpaceSwitchConfig). 
Discussion
RAN2 specification impact
The following RAN2 specification impact can be expected:
· 38.300 (e.g., short description of the feature in section 10.2 "Downlink Scheduling" or chapter 11 "UE power saving")
· 38.331 (e.g., RAN1 RRC parameters (e.g., SSSG list to switch between, SSSG-switching timer, and PDCCH skipping duration(s))
· 38.321 (e.g., impact of PDCCH skipping and search space switching on L2 functions such as SR, RAR, DPC, etc.)
· 38.306 (e.g., optional capabilities with explicit signalling for different adaptation behaviors)

Impact on L2 functions
During a PDCCH skipping duration, the UE is not required to monitor PDCCH in the downlink. But the UE is allowed to initiate uplink transmission during a skipping duration, which subsequently require the UE to monitor PDCCH, i.e., uplink transmissions pre-empt the PDCCH skipping duration. More specifically the following events pre-empt the PDCCH skipping duration: 
· Transmission of Scheduling Request (SR)
· Transmission of PUSCH on a Configured Scheduling (CS) grant (IE ConfiguredGrantConfig) for SPS in uplink (for both type1 and type2)
· Random Access:
· Transmission of Random Access (RA) Preamble (Msg1) for 4-step RA (no skipping during ra-ResponseWindow)
· Transmission of MsgA for 2-step RA (no skipping during msgB-ResponseWindow)
· Transmission of Msg3 for 4-step RA (no skipping when ra-ContentionResolutionTimer is running)
· Random Access (CFRA/CBRA) for Beam Failure Recovery (BFR)
Proposal 1: The PDCCH skipping duration is pre-empted when UE SR is pending, during Random Access and after transmission of CS grant with UL SPS, and CFRA/CBRA during BFR. 

Impact on DCP
The UE is monitoring DCP outside Active Time. When the gNB wants to schedule the UE during the next OnDuration, the gNB may transmit DCP to inform to UE that the UE needs to wake-up during the next OnDuration. If the UE does not detect the DCP, the behavior can be set via ps-WakeUp. Note that it does not seem very likely that the skipping duration will overlap with a DCP occasion that happens right after the end of the Active Time. Given that this does not happen often, we propose that the UE monitors the following OnDuration when the DCP was missed during a skipping duration [7]. Another alternative, e.g., the UE behavior will depend on the ps-WakeUp configuration can also be considered.
Proposal 2: The UE starts drx-OnDurationTimer when the DCP occasion(s) overlap with the PDCCH skip duration.

Impact on CSI reporting
Further discussion is needed how to handle (periodic and aperiodic) CSI reporting during a PDCCH skipping duration. Note that the agreed feature for this UE power-saving AI is PDCCH monitoring adaptation. Thus, it will make sense if the mechanism is only related to the PDCCH monitoring. I.e., other activities such as CSI should not be impacted by the PDCCH-skipping.
Aperiodic CSI reporting can only be triggered during Active Time, but the UE is expected to report aperiodic CSI on PUSCH outside Active Time, when the trigger was received during Active Time: 
Proposal 3: The UE reports aperiodic CSI during Active Time and outside Active Time when expected independent from the PDCCH skipping period. 
A periodic CSI reporting occasion may happen during a PDCCH skipping duration during Active Time and the UE is assumed to report during these occasions:
Proposal 4: The UE reports periodic CSI during Active time independent from the PDCCH skipping duration. 

UE assistance
When the UE indicates that it supports PDCCH skipping and/or SSSG-switching, then the NW has the possibility to allow the UE to refrain from PDCCH monitoring during Active Time for up to 100 ms. But during Active Time, the UE is expected to have new UL or DL data shortly, otherwise the UE would have entered DRX. 
The NW may have observed idle periods during Active Time for UEs in connected mode, i.e., obtained a time distribution when the last data has been acknowledged and the first uplink/downlink data is announced again. Based on such information the NW could decide what skipping durations to configure and use. But requirements may different between UEs and connections, dependent on what type of service is required.
The gNB can use the QoS information of the DRB if available, e.g., not configure skipping for a Delay Critical GBR, or use the Packet Delay Budget of a non-GBR to set the skipping duration (e.g., MC-PTT, V2X, Low Latency eMBB, see 23.501). 
But whatever information is available to configure the skipping durations, there is a possibility that the gNB allows the UE to monitor for e.g., 50 ms, but new data arrives during the skipping duration and the new data is delayed: 
Observation 1: PDCCH-skipping and SSSG-switching may increase the latency. 
The UE can of course decide not to report the UE capability for skipping/switching, but perhaps the UE can tolerate latency for some connections/services, but not for others: 
Proposal 5: Introduce preferred skipping duration in UEAssistanceInformation message.
The assistance signalling should follow the normal assistance signalling requirements:
· The preferred skipping duration is triggered upon configuration and change
· When signaled the UE starts a prohibitTimer
RAN2 can discuss further if the preferred skipping duration can also be used as a preferred periodicity in case of search space switching. 
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[bookmark: _Toc242573361]RAN2 is kindly asked to discuss DCI-based power saving adaptation during DRX Active Time: 
Observation 1: PDCCH-skipping and search space switching may increase the latency. 
Proposal 1: The PDCCH skipping duration is pre-empted when UE SR is pending, during Random and after transmission of CS grant with UL SPS, and CFRA/CBRA during BFR. 
Proposal 2: The UE starts drx-OnDurationTimer when the DCP occasion(s) overlap with the PDCCH skip duration.
Proposal 3: The UE reports aperiodic CSI during Active Time and outside Active Time when expected independent from the PDCCH skipping period. 
Proposal 4: The UE reports periodic CSI during Active time independent from the PDCCH skipping duration. 
Proposal 5: Introduce preferred skipping duration in UEAssistanceInformation message.
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