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Introduction
[bookmark: _Hlk53783455][bookmark: _Hlk53780111]During RAN1 #106-e meeting, RAN1 made the following agreements for enhanced DCI-based power saving adaptation during DRX active time [1]:
Agreement
· At most 2 bit indication in self-scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) can be specified for triggering the PDCCH monitoring adaptation in a single cell
· FFS: the bit size of the indication is configurable 
· FFS: bit mapping to the PDCCH monitoring behaviour 
· FFS: details of indication of multiple cells case

Agreement
       UE behavior after receiving PDCCH indication of monitoring adaptation can be one of the followings,
· Working Assumption: Beh 1: PDCCH skipping is not activated
· Beh 1A: PDCCH skipping means stopping PDCCH monitoring for a duration X
· FFS the possible values for X
· FFS: Whether and how to support more than one skipping duration(s)
· FFS: whether to continue monitoring PDCCH scrambled by C-RNTI for Type 0/1/1A/2 CSS or not
· Beh 2: stop monitoring SS sets associated with SSSG#1 and SSSG#2 (if confirmed) and monitoring  of SS sets associated to SSSG#0 (legacy behaviour)
· Beh 2A: stop monitoring SS sets associated with SSSG#0 and SSSG#2 (if confirmed)  and monitoring  of SS sets associated to SSSG#1 (legacy behaviour)
· Working Assumption: Beh 2B(if confirmed): stop monitoring SS sets associated with SSSG#0 and SSSG#1 and monitoring  of SS sets associated to SSSG#2 (if confirmed)
       Note: The number of supported SSSG is left to UE feature discussion.
       FFS: UE capability of supported UE behaviors
       Indication of Beh 1A when SSSG(s) are not configured is supported.
       Working assumption: Indication of  Beh 1A for current SSSG when two SSSG(s) are configured is supported
       FFS: Indication of  Beh 1A when three SSSG(s) (if supported) are configured
       Y bits is configured for scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) indicating PDCCH schedules data and also PDCCH monitoring adaptation
· FFS how the UE behavior(s) defined above mapping to Y bits
  Note: at most Y = 2
       Working Assumption at most 3 SSSGs is supported to be configured.
· FFS: whether or how SSSG can be configured to be monitored conditionally (e.g., depending on HARQ NACK or RTT/ReTx timers)
· FFS: whether or how non-default SSSG to another non-default SSSG
       FFS details of timer(s) for switching between SSSG(s)
· UE fallbacks to default SSSG (i.e., SSSG#0) after timer expiration.
· R16 timer for SSSG switching and the corresponding behavior is as baseline
       FFS whether the timer(s) is configured per SSSG, or per BWP or other approaches.
       FFS whether the skipping duration(s) is configured per SSSG, per BWP, or other approaches.
       FFS PDCCH monitoring adaptation indicated by non-scheduling DCI
       PDCCH based monitoring adaptation is applied to USS and type-3 CSS.
In this contribution, we discuss remaining details for search space set group (SSSG) switching and dynamic PDCCH skipping. 
DCI based PDCCH monitoring adaptation
DCI codepoint definition in scheduling DCI
When a UE is configured with 3 SSSGs, gNB can indicate one of four different PDCCH monitoring adaptation behaviors based on 2-bit field in scheduling DCI, as follows:
	Bit field mapped to index
	UE behaviours

	0
	PDCCH skipping

	1
	Switching from a default SSSG (i.e. SSSG 0) to a SSSG 1

	2
	Switching from a default SSSG (i.e. SSSG 0) to a SSSG 2

	3
	Switching between a SSSG 1 and a SSSG 2  



If a UE receives the bit field corresponding to index 1 (or index 2) in DCI while monitoring PDCCH according to SSSG 1 (or SSSG 2), the UE may continue monitoring PDCCH according to the SSSG 1 (or SSSG 2) and may restart a search space switch timer. 
When a UE is configured with 2 SSSGs, gNB can indicate one of two different PDCCH monitoring adaptation behaviors based on 1-bit field in scheduling DCI, as follows:
	Bit field mapped to index
	UE behaviors

	0
	PDCCH skipping

	1
	Switching from a default SSSG (i.e. SSSG 0) to a SSSG 1



If a UE receives the bit field corresponding to index 1 in DCI while monitoring PDCCH according to SSSG 1, the UE may continue monitoring PDCCH according to the SSSG 1 and may restart a search space switch timer. 
If PDCCH skipping is not enabled, a codepoint for PDCCH skipping can be reserved. If SSSGs are not configured, a codepoint for switching from a default SSSG to a SSSG of index 1 in 1-bit field can be reserved.
Proposal 1: As for scheduling DCI based PDCCH monitoring adaptation, one codepoint indicates PDCCH skipping for a semi-statically configured skipping duration. The remaining 1 (for 1-bit field) or 3 (for 2-bit field) codepoints indicate SSSG switching (from SSSG 0 to SSSG 1, from SSSG 0 to SSSG 2, between SSSG 1 and SSSG 2). 
Timer based SSSG switching 
Similar to Rel-16 SSSG switching mechanisms, when a UE is configured with 2 SSSGs or 3 SSSGs in Rel-17 NR, the UE can fall back to monitoring a default SSSG (i.e. a search space set with group index 0) after expiry of a search space switch timer. 
A search space switch timer value can be configured to be same for both SSSG 1 and SSSG 2. When the UE is configured with three SSSGs and when the UE misses a DCI format indicating switching between a SSSG 1 and a SSSG 2 or indicating switching from a default SSSG (i.e. SSSG 0) to a SSSG 1 (or a SSSG 2), search space switch timer values configured to be different for SSSG 1 and SSSG 2, respectively, could cause more ambiguity due to increased number of hypotheses regarding potential SSSG switching instances. 
Proposal 2: When 3 SSSGs configured, one search space switch timer value is configured for a serving cell, as in Rel-16 NR. 
If a search space switch timer expires while PDCCH monitoring being skipped (e.g. a search space switch timer value is set to be smaller than a PDCCH skipping duration), a UE falls back to a default SSSG and starts to monitor PDCCH according to the default SSSG (i.e. SSSG 0) at the beginning of the first slot that is no earlier than the latest of  symbols (i.e. search space switching delay specified in Subclause 10.4 of TS 38.213) after a slot where the search space switch timer expires, and  the configured PDCCH skipping duration after the UE starts PDCCH skipping.
PDDCH skipping
Scheduling DCI based PDCCH skipping indication does not require the UE to update active higher-layer configuration parameters. Instead, the UE can simply skip PDCCH monitoring for the indicated duration. Thus, Rel-16 minimum application delay for K0,min/K2,min indication, which corresponds to a PDCCH processing delay, can be reused as an application delay for PDCCH skipping. 
Proposal 3: Reuse the Rel-16 application delay for K0,min/K2,min indication as an application delay for PDCCH skipping.
When a UE receives an indication of PDCCH skipping, the UE may have to delay initiating PDCCH skipping due to on-going TB transmissions and/or receptions. For example, if a retransmission related timer is running, the UE may have to continue monitoring PDCCH until the retransmission related timer expires. That is, upon detecting a DCI format indicating PDCCH skipping, the UE stops monitoring PDCCH in relevant UE-specific search spaces and Type-3 common search spaces, 
· not earlier than the application delay after the end of PDCCH including the indication, and  
· for DL DCI format(s), upon expiration of drx-RetransmissionTimerDL if drx-HARQ-RTT-TimerDL or drx-RetransmissionTimerDL is running, and
· for UL DCI format(s), upon expiration of drx-RetransmissionTimerUL if drx-HARQ-RTT-TimerUL or drx-RetransmissionTimerUL is running.
Proposal 4: Upon detecting a DCI format indicating PDCCH skipping, UE stops monitoring PDCCH in UE-specific search spaces and Type-3 common search spaces, 
· not earlier than the application delay after the end of PDCCH including the indication, and  
· for DL DCI format(s), upon expiration of drx-RetransmissionTimerDL if drx-HARQ-RTT-TimerDL or drx-RetransmissionTimerDL is running, and
· for UL DCI format(s), upon expiration of drx-RetransmissionTimerUL if drx-HARQ-RTT-TimerUL or drx-RetransmissionTimerUL is running.
Group-common DCI based SSSG switching
Similar to Rel-16 search space switching, Rel-17 NR may configure a UE with group-common DCI based search space switching indication. For group-common DCI based indication, the search space set switching 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. Further, it can reduce the number of DCI formats that the UE should monitor in power saving mode. Scheduling DCI based indication further allows small-scale adaptation within the DRX cycle, as needed. If UE does not detect a DCI format 2_6 outside DRX Active time, UE may perform PDCCH monitoring according to a default SSSG (i.e. SSSG 0) when starting an ON duration timer.  
Proposal 5: Rel-17 NR supports search space set switching when starting an ON duration timer in every DRX cycle based on DCI format 2_6. 
Conclusion
In summary, we propose the followings for Rel-17 NR UE power saving enhancement for connected mode UEs:
Proposal 1: As for scheduling DCI based PDCCH monitoring adaptation, one codepoint indicates PDCCH skipping for a semi-statically configured skipping duration. The remaining 1 (for 1-bit field) or 3 (for 2-bit field) codepoints indicate SSSG switching (from SSSG 0 to SSSG 1, from SSSG 0 to SSSG 2, between SSSG 1 and SSSG 2). 
Proposal 2: When 3 SSSGs configured, one search space switch timer value is configured for a serving cell, as in Rel-16 NR. 
Proposal 3: Reuse the Rel-16 application delay for K0,min/K2,min indication as an application delay for PDCCH skipping.
Proposal 4: Upon detecting a DCI format indicating PDCCH skipping, UE stops monitoring PDCCH in UE-specific search spaces and Type-3 common search spaces, 
· not earlier than the application delay after the end of PDCCH including the indication, and  
· for DL DCI format(s), upon expiration of drx-RetransmissionTimerDL if drx-HARQ-RTT-TimerDL or drx-RetransmissionTimerDL is running, and
· for UL DCI format(s), upon expiration of drx-RetransmissionTimerUL if drx-HARQ-RTT-TimerUL or drx-RetransmissionTimerUL is running.
Proposal 5: Rel-17 NR supports search space set switching when starting an ON duration timer in every DRX cycle based on DCI format 2_6. 
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