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Introduction
[bookmark: _Hlk53783455][bookmark: _Hlk53780111]During RAN1 #106bis-e meeting, RAN1 made the following agreements for enhanced DCI-based power saving adaptation during DRX active time [1]:
Agreement
The bit mapping of DCI indication PDCCH monitoring adaptation is as follows,
· For Case 1 (i.e., PDCCH skipping), the following is supported
· 1-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if M=1
· ‘0’ is Beh 1 and ‘1’ is Beh 1A
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if M=2 or 3
· ‘00’ is Beh 1
· ‘01’ is Beh 1A with skipping duration 1
· ‘10’ is Beh 1A with skipping duration 2
· ‘11’ is Beh 1A with skipping duration 3 if M=3, reserved if M=2
· For Case 2 (i.e., 2 SSSG switching), the following is supported
· 1-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘0’ is Beh 2 and ‘1’ is Beh 2A
· For Case 3 (i.e., 3 SSSG switching), the following is supported
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· [‘11’ is reserved]
· For Case 4 (i.e., 2 SSSG switching with PDCCH skipping), the following is supported
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors, 
· FFS details bit mapping
· FFS: For Case 5 (i.e., 3 SSSG switching and skipping)
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· ‘11’ is Beh 1A
· FFS Timer behavior when Beh 1A is indicated
· Note: The UE can be configured to be indicated by DCI a value of X (i.e., skipping duration) among M RRC configured values by scheduling DCIs indicating PDCCH schedules data
· FFS whether to restrict Skipping duration to be shorter than SSSG initial timer value
· FFS whether the configuration is same or different for DCI format x_1 and DCI format x_2
Agreement 
-        If the UE monitors PDCCH according to SSSG#1 and the timer expires, the UE starts monitoring PDCCH according to Beh 2.
-	If the UE monitors PDCCH according to SSSG#2 and the timer expires,
o    Alt 1: the UE monitoring PDCCH according to Beh 2
o    Other alternatives are not precluded
-         Timer can be optionally configured.
Agreement 
Select one of the alternatives from the following:
-         Alt 1: Separate RRC configuration for timer value(s) is supported for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 respectively.
-         Alt 2: the timer value(s) for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per cell.
-         Alt 3: the timer value(s) for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per BWP.
Agreement 
The following application delay for a scheduling DCI based PDCCH monitoring adaptation indication can be considered,
-         For PDCCH skipping,
o    Option b
o    Option f
o    Option d for downlink grant and Option c for uplink grant
o    Option i
o    Option j
o    Note: down-select based on the options in RAN1#107-E
-         For SSSG switching,
o    Option a
o    Option d for downlink grant  and Option c for uplink grant
o    Option h
o    Option b
o    Option d for downlink grant and Option g for uplink grant
o    Note: down-select based on the options in RAN1#107-E
-         The Options a – j is defined as follows,
o    Option a: the application timelines provided in Table 10.4-1 in TS38.213 for search-space group switching for unlicensed band form is reused.
       for SCS configuration , FFS X = 25 or 39
      FFS: 
o    Option b:  the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended.
o    Option c: PDCCH monitoring adaptation command applies after PUSCH transmission if triggered by UL DCI
o    Option d: PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding).
o    Option e: after successfully decoding TB.
o    Option f:  Application delay should be “ZERO”  for PDCCH monitoring adaptation. PDCCH monitoring adaptation would be applied after UE receive the additional PDCCH monitoring adaptation control signaling bit(s) in DCI
o    Option g:  Application delay(s) are configured via RRC signaling
o    Option h:  Application delay applies after drx-RetransmissionTimerUL expires
o    Option i: Leave up to implementation
o    Option j: UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in DL assignment. If the UE fails to decode the associated PDSCH and transmits a NACK, skipping is canceled in the slots after the NACK transmission. Option g ( application delay configured via RRC signaling) is used for uplink grant. If RRC signaling is not provided, UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in UL grant.
o    Other options not precluded.
-         FFS reference points for the application delay,
-         FFS whether the same or different and how application delay for PDCCH monitoring adaptation indicated by DCI and timer expiration
-         FFS non-scheduling DCI if supported

In this contribution, we discuss remaining details for search space set group (SSSG) switching and dynamic PDCCH skipping. 
Discussion
DCI codepoint definition in scheduling DCI
[bookmark: _Hlk86922540]When a UE is configured with 2 SSSGs and PDCCH skipping, 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 behaviors

	0
	Switching from SSSG 1 to SSSG 0

	1
	Switching from SSSG 0 to SSSG 1

	2
	PDCCH skipping

	3
	Reserved 



If a UE receives the bit field corresponding to index 0 in DCI while monitoring PDCCH according to SSSG 0, the UE may continue monitoring PDCCH according to the SSSG 0. Similarly, if the 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. 
When a UE is configured with 3 SSSGs and PDCCH skipping, 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
	Switching from SSSG 1 or SSSG 2 to SSSG 0

	1
	Switching from SSSG 0 or SSSG 2 to SSSG 1

	2
	Switching from SSSG 0 or SSSG 1 to SSSG 2  

	3
	PDCCH skipping



If a UE receives the bit field corresponding to index 0 (or index 1 or index 2) in DCI while monitoring PDCCH according to SSSG 0 (or SSSG 1 or SSSG 2), the UE may continue monitoring PDCCH according to the SSSG 0 (or SSSG 1 or SSSG 2). When receiving index 1 or index 2, the UE may restart a search space switch timer. 
Proposal 1: When a UE is configured with 2 SSSGs and PDCCH skipping,  
· 2-bit in scheduling DCI indicates PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 1A
· ‘11’ is reserved

Proposal 2: When a UE is configured with 3 SSSGs and PDCCH skipping,  
· 2-bit in scheduling DCI indicates PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· ‘11’ is Beh 1A
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 between a default SSSG (i.e. SSSG 0) and a SSSG 1 (or a SSSG 2), different search space switch timer values configured for SSSG 1 and SSSG 2 could cause more ambiguity due to increased number of hypotheses regarding potential SSSG switching instances. 
Observation 1: Different search space switch timer values for SSSG 1 and SSSG 2 could increase the number of hypotheses on potential SSSG switching instances and could result in more ambiguity, when one or multiple DCI indicating SSSG switching are missed.
Proposal 3: When 2 or 3 SSSGs configured, one search space switch timer value is configured for a serving cell, as in Rel-16 NR. 
If a UE detects DCI indicating PDCCH skipping while running a search space switch timer, the UE may continue running the search space switch timer. This allows the UE to perform PDCCH skipping and SSSG switching based on the detected DCI, when not much data to or from the UE is expected. For example, if the search space switch timer expires while PDCCH monitoring being skipped, 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. Even when the UE misses the DCI indicating PDCCH skipping, there is no ambiguity for what SSSG the UE monitors. 
Additionally, continuously running the search space switch timer irrespective of PDCCH skipping allows the UE to perform finer-level monitoring adaptation within a given SSSG monitoring behaviour. For example, if a PDCCH skipping duration is set to be small and the UE is still running the search space switch timer upon completion of PDCCH skipping, the UE restarts to monitor PDCCH according to a SSSG that was used to detect the DCI indicating PDCCH skipping.
Proposal 4: If a UE detects DCI indicating PDCCH skipping while running a search space switch timer, the UE continues running the search space switch timer.
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 5: 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 6: 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 7: 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 observe and propose the followings for Rel-17 NR UE power saving enhancement for connected mode UEs:
Proposal 1: When a UE is configured with 2 SSSGs and PDCCH skipping,  
· 2-bit in scheduling DCI indicates PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 1A
· ‘11’ is reserved
Proposal 2: When a UE is configured with 3 SSSGs and PDCCH skipping,  
· 2-bit in scheduling DCI indicates PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· ‘11’ is Beh 1A
Observation 1: Different search space switch timer values for SSSG 1 and SSSG 2 could increase the number of hypotheses on potential SSSG switching instances and could result in more ambiguity, when one or multiple DCI indicating SSSG switching are missed.
Proposal 3: When 2 or 3 SSSGs configured, one search space switch timer value is configured for a serving cell, as in Rel-16 NR. 
Proposal 4: If a UE detects DCI indicating PDCCH skipping while running a search space switch timer, the UE continues running the search space switch timer.
Proposal 5: Reuse the Rel-16 application delay for K0,min/K2,min indication as an application delay for PDCCH skipping.
Proposal 6: 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 7: 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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