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Introduction
In RAN1 #103-e, two candidate techniques for PDCCH monitoring adaptation have been selected for continued discussion in Rel-17 UE power saving WI:
· Search space set group switching, e.g., including explicit and implicit switching
· PDCCH skipping for a certain duration/DRX cycle
From the evaluation results provide by many companies, it was a general observation that no single one of the two candidates consistently outperforms the other in all cases. However, there was also a concern in specifying both techniques in Rel-17, partly due to the burden of standardization and due to the doubt on the additive gain that would be achieved by enabling both techniques together. Thus, in RAN1 #104-e, it was agreed to strive for a common design to support the functionalities of both SSSG switching and PDCCH skipping. In RAN1 #105-e, among different candidate proposals for the common design, two alternatives were selected for continued discussion. In RAN1 #106-e, instead of down selecting a single alternative, a compromise of the two alternatives were agreed, to allow both standalone and joint configuration of different behaviors of the two alternative schemes. In RAN1 #106bis-e, supported combinations of the different behaviors and their corresponding DCI codepoint mapping have been discussed.
In this contribution, we present our views on the remaining issues of the PDCCH monitoring adaptation.
Discussion on connected mode UE power saving
[bookmark: _Ref61550228]Unified design for DCI-based power saving adaptation
In RAN1 #106bis-e, in relation to the common design of the PDCCH monitoring adaptation, the following combinations of behaviors have been agreed to be supported:
	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 slots (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


Cases 1, 2, and 3 in the agreement comprise single type of behaviors, i.e., either PDCCH skipping or SSSG skipping. In such cases, DCI indication of each behavior is rather straightforward. However, for Case 4, which is comprised of both SSSG switching and PDCCH skipping, it was identified that there can be different combinations of behaviors and DCI codepoint mapping strategies. Among the alternatives discussed in RAN1 #106bis-e, four main alternatives are cited below. Since each of the potential alternatives were claimed to have pros and cons, no single one could have been selected.
	· Alt 1: M = 1
· ‘00’ is Beh 2 and Beh 1
· ‘01’ is Beh 2A and Beh 1
· ‘10’ is Beh 1A
· [‘11’ is reserved]
· Alt 2: M = 1 
· ‘00’ is Beh 2 and Beh 1
· ‘01’ is Beh 2A and Beh 1
· ‘10’ is Beh 2 and Beh 1A
· ‘11’ is Beh 2A and Beh 1A
· Alt 3: M = 2 
· ‘00’ is Beh 2 and Beh 1
· ‘01’ is Beh 2A and Beh 1
·  ‘10’ is Beh 2A and Beh 1A for duration T1 
· ‘11’ is Beh2A and Beh 1A for duration T2 
· Alt 3a: M = 2
· ‘00’ is Beh 2 and Beh 1
· ‘01’ is Beh 2A and Beh 1
· ‘10’ is Beh 1A for duration T1
· ‘11’ is Beh 1A for duration T2


In the following paragraphs, the pros and cons, as well as any potential issues, of each alternative are discussed.

Alt 1
Alt 1 supports indication of  skipping duration, and the state transition diagram is illustrated in Figure 1. Among the alternatives, Alt 1 is the simplest. However, as we described in our previous contribution [1], the codepoint mapping of Alt 1 is heterogeneous, which may run into a problem with recovering from the misdetection of a DCI indication. The issues of heterogeneous mapping are due to the fact that the DCI indication is not ‘self-contained’. A self-contained indication implies that the UE can identify both its current SSSG index and PDCCH skipping behavior from a single indication. On the other hand, if the UE can identify only one of the current SSSG index and PDCCH skipping behavior from the indication, or if the expected behavior by the current indication depends on any of the past indications (i.e., non-memoryless), it is regarded as non-self-contained. Thus, with the self-contained indication, any misalignment between gNB and UE caused by misdetection a DCI indication can be avoided.
Being non-self-contained, the state transition in Figure 1 retains the aforementioned ambiguity issue; when the UE receives ‘10’, it can be in either SSSG#0 or SSSG#1, which is determined by a previous indication. If the previous indication is missed, the gNB and UE shall assume different SSSGs. Hence, Alt 1 is not preferred as a candidate of the Case 4 scheme. 
		Codepoint
	Operation

	00
	Beh 2 and Beh 1

	01
	Beh 2A and Beh 1

	10
	Beh 1A for duration T

	11
	Reserved



	



[bookmark: _Ref86874645]Figure 1: State transition of Alt 1.

Alt 2
Alt 2 supports indication of  skipping duration, and the state transition diagram is illustrated in Figure 2. Comparing the state transition diagrams of Alt 1 in Figure 1 and Alt 2 in Figure 2, respectively, it can be seen that they are functionally identical. Only their codepoint mappings are different. Unlike Alt 1, the codepoint mapping of Alt 2 is self-contained. That is, from a single DCI indication of Alt 2, the UE can identify both its current SSSG index and PDCCH skipping behavior without ambiguity. All the aforementioned issues with Alt 1 are not relevant to Alt 2. Therefore, Alt 2 is preferred to Alt 1 as a candidate of the Case 4 scheme.
		Codepoint
	Operation

	00
	Beh 2 and Beh 1

	01
	Beh 2A and Beh 1

	10
	Beh 2 and Beh 1A for duration T 

	11
	Beh 2A and Beh 1A for duration T 



	



[bookmark: _Ref86878302]Figure 2: State transition of Alt 2.

Alt 3
Like Alt 2, Alt 3 provides another self-contained codepoint mapping. Furthermore, Alt 3 supports indication of  skipping durations, while Alt 2 can only indicate  skipping duration. The state transition diagram of Alt 3 is illustrated in Figure 3. A key feature that distinguishes Alt 3 from Alt 2 is that the indication of PDCCH skipping is restricted in SSSG#1 and not applicable in SSSG#0. Depending on the settings and roles of SSSG#0 and SSSG#1, this will not harm but rather improve the power saving gain.
Recall that PDCCH skipping is a dynamic and short-term adaptation scheme, which is intended to deal with a short and predictable duration of traffic inactivity, e.g., the inter-arrival gap between short sub-bursts of the same data packet. On the other hand, a long and unpredictable duration of traffic inactivity should be dealt with by the DRX and the RRC state transition. SSSG switching, when jointly configured with PDCCH skipping, can be used to bridge the two ends of the short and long traffic inactivity durations. That is, the default SSSG, i.e., SSSG#0, can be configured as a “standby mode”, which is associated with very sparse PDCCH monitoring, while the non-default SSSG, i.e., SSSG#1, can be configured as an “active mode”, which is associated with dense PDCCH monitoring. Legacy schemes, i.e., the DRX and RRC idle mode, can be regarded as an “inactive mode”. Based on this reasoning, the transitions among different power saving modes and schemes according to the traffic state is shown in Figure 4.
As a standby mode, SSSG#0 may be regarded as an intermediate state before the DRX inactivity timer expires. That is, in SSSG#0, the arrival of a new packet is occasionally sensed. Once the arrival of a new packet is detected by receiving DCI, the UE can rapidly transition to the active mode (SSSG#1), based on an indication from the gNB. If no traffic is detected in SSSG#0, the UE will transition to DRX mode at the expiration of the DRX inactivity timer. Considering the aforementioned role of SSSG#0, the motivation of using PDCCH skipping in SSSG#0 is not well-justified.
[bookmark: _Ref86947750][bookmark: P_1]Proposal 1: If two SSSGs (i.e., default and non-default SSSGs) are configured, the default SSSG is associated with sparse PDCCH monitoring and the non-default SSSG is associated with dense PDCCH monitoring. The indication of Beh 1A is allowed only on the non-default SSSG (Alt 3). 
Considering the benefits of Alt 3 over Alt 2, it should be considered as a candidate of the Case 4 scheme in Rel-17.
		Codepoint
	Operation

	00
	Beh 2 and Beh 1

	01
	Beh 2A and Beh 1

	10
	Beh 2A and Beh 1A for duration T1 

	11
	Beh 2A and Beh 1A for duration T2 



	



[bookmark: _Ref86929032]Figure 3: State transition of Alt 3.



[bookmark: _Ref83846997]Figure 4: Relationship between traffic activity and power saving adaptation schemes.

Alt 3a
Alt 3a can be seen as an enhancement of Alt 1, which supports indication of  skipping durations. Although Alt 3a offers enhanced flexibility over Alt 1 by allowing one additional PDCCH skipping duration, Alt 3a still retains the same issues as those of Alt 1. That is, the codepoint mapping of Alt 3a is not self-contained. Due to the same reasoning as Alt 1, Alt 3a is not a preferred candidate of the Case 4 scheme.
		Codepoint
	Operation

	00
	Beh 2 and Beh 1

	01
	Beh 2A and Beh 1

	10
	Beh 1A for duration T1

	11
	Beh 1A for duration T2



	



Figure 5: State transition of Alt 3a.
Summarizing the discussion on the alternatives, we can reach the following observation and proposal.
[bookmark: O_1]Observation 1: Regarding the DCI codepoint mappings suggested in RAN1 #106bis-e:
· The mappings for Alt 1 and Alt 3a are not self-contained and may suffer from misdetection of DCI indication.
· The mappings for Alt 2 and Alt 3 are self-contained and robust to misdetection of DCI indication.
[bookmark: _Ref86930665][bookmark: P_2]Proposal 2: For PDCCH monitoring adaptation Case 4 (2 SSSG switching with PDCCH skipping), one or both of the followings are supported:
· Alt 2: M = 1
· ‘00’ is Beh 2 and Beh 1
· ‘01’ is Beh 2A and Beh 1
· ‘10’ is Beh 2 and Beh 1A for duration T
· ‘11’ is Beh 2A and Beh 1A for duration T
· Alt 3: M = 2
· ‘00’ is Beh 2 and Beh 1
· ’01’ is Beh 2A and Beh 1
· ‘10’ is Beh 2A and Beh 1A for duration T1
· ‘11’ is Beh 2A and Beh 1A for duration T2
In Proposal 2, it should be remarked that ‘and’ in the description of each codepoint may not always mean that the two behaviors are occurring simultaneously – although it is already clear from the state transition diagrams in Figure 2 and Figure 3, the text description is somewhat ambiguous. For example, for Alt 2 and Alt 3, receiving an indication of ‘11’ when the UE is in SSSG#0 does not mean that Beh 2A (i.e., switching to SSSG#1) and Beh 1A (i.e., PDCCH skipping) are triggered simultaneously. In fact, according to the agreement in RAN1 #106-e, simultaneous triggering of two different behaviors by a single DCI indication seems already precluded:
	Agreement
Select either package 1 or package 2
Package 1
       UE behavior after receiving PDCCH indication of monitoring adaptation can be one of the followings,
…


Furthermore, considering the roles of SSSGs suggested in Proposal 1 and Figure 4, the use case and benefit of simultaneous triggering of two behaviors are not clear. When indicated transitioning to the active mode (SSSG#1), the UE should be expected to be ready for receiving data bursts as early as possible, without skipping PDCCH monitoring. During the active mode, between the arrivals of sub-burst, the UE may be indicated to skip PDCCH monitoring for a short duration. When indicated transitioning to the standby mode (SSSG#0), PDCCH monitoring is already very sparse and the benefit PDCCH skipping will be marginal. 
Although the simultaneous triggering of two behaviors could be avoided by gNB’s implementation, based on the argument above, it seems fair to disallow it explicitly. 
[bookmark: P_3]Proposal 3: By a single DCI indication, a UE is not expected to simultaneously perform two behaviors of SSSG switching and PDCCH skipping.

PDCCH skipping duration
Related to the PDCCH skipping duration, the following issues have been discussed in the last meeting:
	[High] Proposal 4-1 (v4)
· For value X in Beh 1A, candidate skipping values are 
· Up to [20ms] length is supported, 
· FFS details, e.g., unit of X (e.g., slot, symbol or ms)
· FFS: longer skipping duration more than 20ms
· FFS: including possibility to skip current DRX if DRX is configured.
· FFS: other values are not precluded
· FFS: Equal to or longer than the applicable minimum scheduling offset

[High] Proposal 4-3 (v5)
· For Beh 1A,
· X (i.e. skipping duration) is configured per BWP at least when SSSG is not configured.
· FFS: when SSSG is configured


In the last meeting, although the maximum skipping duration has been discussed in Proposal 4-1, the minimum value of the skipping duration has been overlooked. As a factor for determining the power saving gain and latency, we think the minimum skipping duration should be jointly discussed with the maximum skipping duration. In relation to the application delay discussion in Section 2.3, if the application delay of PDCCH skipping is zero (Option f), the minimum skipping duration should be large enough to include the PDCCH processing delay. In particular, when SSSG switching is also configured, the application delay of SSSG switching may be used as a proxy of the PDCCH processing delay. Also, to prevent SSSG timer from expiring during a skipping duration, the skipping duration should not be larger than the SSSG timer.
[bookmark: P_4]Proposal 4: The PDCCH skipping duration should be larger than the application delay of SSSG switching and no larger than the SSSG timer value.
Another important issue from the last meeting is whether to support an indication of ‘skip current DRX’. In fact, the same issue was discussed during Rel-16 (TR 38.840), but it was shown that the additional gain is marginal compared to the duplicated function performed by the DRX MAC CE command. Therefore, it seems unnecessary to repeat the same discussion.
[bookmark: P_5]Proposal 5: For PDCCH skipping, indication to skip the current DRX cycle, if DRX is configured, is not supported.
Lastly, it was discussed in the last meeting whether the skipping duration should be configured per SSSG, when SSSGs are configured. As we discussed in Section 2.1, to maximize the gain, PDCCH skipping would be predominantly used during the active mode (SSSG#1), not during the standby mode (SSSG#0). Also, since it was already agreed that the skipping duration configuration is per-BWP when the SSSG is not configured, adding a separate rule for the SSSG-configured case will make the RRC parameter design complicated. Thus, to keep the design consistency, it is preferred to keep the configuration per BWP, regardless of whether the SSSGs are configured or not.
[bookmark: P_6]Proposal 6: The PDCCH skipping duration is configured per BWP, regardless of whether SSSGs are configured.

[bookmark: _Ref86950315]Application delay of power saving adaptation and HARQ handling
In RAN1 #106-bis, the following agreement has been made in relation to the application delay:
	Agreement
The following application delay for a scheduling DCI based PDCCH monitoring adaptation indication can be considered,
· For PDCCH skipping,
· Option b
· Option f
· Option d for downlink grant and Option c for uplink grant
· Option i
· Option j
· Note: down-select based on the options in RAN1#107-E
· For SSSG switching,
· Option a
· Option d for downlink grant  and Option c for uplink grant
· Option h
· Option b
· Option d for downlink grant and Option g for uplink grant
· Note: down-select based on the options in RAN1#107-E
· The Options a – j is defined as follows,
· 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.
·  symbols for SCS configuration , FFS X = 25 or 39
· FFS: 
· Option b:  the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended.
· Option c: PDCCH monitoring adaptation command applies after PUSCH transmission if triggered by UL DCI
· Option d: PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding).
· Option e: after successfully decoding TB.
· 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
· Option g:  Application delay(s) are configured via RRC signaling
· Option h:  Application delay applies after drx-RetransmissionTimerUL expires
· Option i: Leave up to implementation
· 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.
· 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


Once the power saving adaptation is indicated, either explicitly or implicitly, a time margin, from the triggering instance to the actual application of the power saving adaptation, is required. The margin, i.e., an application delay, is needed for a UE to process DCI, if the adaptation is indicated by the DCI, or to reconfigure UE’s processing blocks and modes according to the indication. Different types of application delays have widely been adopted in Rel-15 and Rel-16. For example, in Rel-16, the application delay of minimum scheduling offset restriction is determined by a  parameter, which is provided in Table 5.3.1-1 in TS 38.214 for different numerologies. Similarly, for Rel-16 SSSG switching, the application delay, , is given by a higher layer parameter searchSpaceSwitchDelay, where the minimum value of  is provided in Table 10.4-1 in TS 38.213 for different numerologies and UE processing capabilities.
For SSSG switching, the existing Rel-16 design of SSSG switching could largely be leveraged to accommodate the DCI processing and reconfiguration delay. That is, the application delay can be made configurable by higher layer signaling, while the configured value fulfills the minimum value requirement, as provided in Table 10.4-1 in TS 38.213, depending on the numerology and UE processing capability. 
On the other hand, for PDCCH skipping, zero delay may be assumed since no reconfiguration of processing blocks would be needed for the PDCCH skipping function. Note that, even if the nominal application delay is zero, the actual application of PDCCH skipping may be delayed due to UE’s DCI processing time. Furthermore, to maximize the PDCCH skipping opportunities, the zero delay should not depend on the HARQ status of the UE. That is, if the UE has to cancels PDCCH skipping by transmitting a NACK (i.e., Option j), the overall PDCCH skipping, and sleep opportunities shrink. Also, since only a HARQ retransmission needs to be received and no other new traffic would be expected during the indicated skip duration, cancelling skip and turning back to normal PDCCH monitoring seems excessive. Therefore, similar to the existing HARQ retransmission handling mechanism during the DRX operation, discontinuous PDCCH monitoring by RTT and Retransmission timers, shown in Figure 6, would be sufficient.
Additionally, to more efficiently support the PDCCH monitoring adaptation in different situations, the application delay may be diversified depending on the scenarios:
· The application delay may depend on a triggering mechanism of the PDCCH monitoring adaptation. For explicit indication by DCI, the UE needs both DCI processing and reconfiguration delays. On the other hand, for implicit indication by a timer, only the reconfiguration delay is needed.
· If two or more DCI-based power saving adaptation schemes are jointly configured, the application delay may be modified from the case when only a single DCI-based power saving adaptation scheme is configured. For example, Rel-16 minimum scheduling offset restriction may be jointly configured with Rel-17 PDCCH monitoring adaptation. Since the DCI processing timeline could be relaxed due to the configuration of the minimum scheduling offset restriction, the application delay of the PDCCH monitoring adaptation would also be increased.
Based on these principles, an example of the application delay of the PDCCH monitoring adaptation is shown in Table 1. 
[bookmark: P_7]Proposal 7: For the application delay of PDCCH monitoring adaptation, 
· SSSG switching:
· Option a, if minimum scheduling offset restriction is not configured,
· Max{Option a, Option b}, otherwise.
· PDCCH skipping: Option f
· DL/UL HARQ retransmission during the skipping duration is handled by RTT/ReTx timers.

[bookmark: _Ref78979408]Table 1: Application delay of PDCCH monitoring adaptation
	Switching between two SSSGs
	PDCCH skipping

	Explicit (DCI)
	Implicit (timer)
	Explicit (DCI)
	Implicit (timer)

	Note1 or
Note 2
	
	0
	0

	Note 1: Minimum scheduling offset restriction is not configured.
Note 2: Minimum scheduling offset restriction is configured,
              and  are converted from  and  in the unit of OFDM symbols.





(a)


(b)
[bookmark: _Ref86955954]Figure 6: Discontinuous PDCCH monitoring in a skip duration for HARQ retransmission handling: 
(a) when ACK is reported, (b) when NACK is reported.

Triggering mechanisms of power saving adaptation
Power saving is in general a UE-specific issue, which highly depends on individual UE’s traffic condition. Thus, UE-specific triggering mechanisms should be considered. In RAN1 #105-e, it was agreed that scheduling DCI formats 0_1/1_1/0_2/1_2 can be used for the explicit indication of the PDCCH monitoring adaptation. Additionally, non-scheduling DCI formats, which is similar to Case 2 SCell dormancy indication in Rel-16, may be considered to maintain the design consistency with Rel-16. Also, for indication outside DRX active time, DCI format 2_6 may be a good candidate, which can indicate the SSSG that the UE should monitor for the next DRX active time. Either new fields may be added to these candidate DCI formats or any existing fields may be repurposed for indicating the PDCCH monitoring adaptation. 
[bookmark: P_8]Proposal 8: For explicit indication of PDCCH monitoring adaptation, in addition to scheduling DCI formats 0_1/1_1/0_2/1_2, non-scheduling DCI formats are also considered:
· DCI format 1_1 (similar to Case 2 SCell dormancy indication),
· DCI format 2_6 (outside active time).
For implicit triggering of PDCCH monitoring adaptation, in RAN1 #106bis-e, it was agreed to support SSSG timers to trigger transitions from a non-default SSSG (i.e., SSSG#1 or SSSG#2) to the default SSSG (SSSG#0). Unlike Rel-16 SSSG switching, if more than two SSSGs are supported, it would be beneficial to allow SSSG-specific timer configuration. For example, if SSSG#1 and SSSG#2 are configured, each non-default SSSG can be configured with a unique timer value along with a unique set of search space sets depending on the traffic. 
In some cases, UE-initiated triggering of power saving adaptation may be required. For example, if an UL traffic arrives while the UE is in a PDCCH skip duration, the UE may transmit a scheduling request and expect to receive an UL grant as early as possible. In another example, if the UE transmits a PRACH preamble while it is in a PDCCH skip duration, e.g., for beam failure recovery, the UE may wish to receive a response from the gNB as early as possible. In both of these exemplary cases, it would be desirable that the autonomously terminate the PDCCH skip duration.
[bookmark: P_9]Proposal 9: For implicit indication of PDCCH monitoring adaptation, the following candidates are considered:
· Configured timer: per-non-default SSSG, if more than two SSSGs are supported,
· Transmission of SR and PRACH: terminate a PDCCH skip duration after transmitting a scheduling request or a PRACH preamble.

Carrier-group-based power saving adaptation
When the UE is configured with carrier aggregation, depending on the implementation, some RF frontend blocks may be shared across component carriers, in particular for the intra-band CA case. In this case, if the PDCCH monitoring adaptation is performed on per-CC basis, the overall power saving gain will be diluted. For example, if the UE is indicated to skip PDCCH monitoring for a certain duration on a CC, while it still has to monitor PDCCH on another CC sharing the same RF frontend, the UE cannot put the RF frontend into sleep for the indicated skip duration. Typically, a bigger power saving gain is expected by the adaptation of the RF hardware than the adaptation of baseband processing. Thus, to maximize the power saving gain, alignment of PDCCH monitoring adaptation across CCs is deemed to be inevitable.
It is noteworthy that some Rel-16 schemes, e.g., SCell dormancy adaptation and SSSG switching, already support joint adaptation across CCs based on carrier-groups. The same design principle may be leveraged for the Rel-17 PDCCH monitoring adaptation. That is, one or more groups of component carriers may be configured for the joint adaptation of PDCCH monitoring. The triggering indication may be delivered only on an anchor cell, e.g., PCell or PSCell. Further, the UE may indicate its preferred carrier grouping to the network, e.g., via the UE assistance information feedback. Compared to the SCell dormancy adaptation in Rel-16, the carrier-group-based PDCCH monitoring adaptation will provide more dynamic adaptation, which would be particularly important for some newly emerging traffic types and applications, such as XR, cloud gaming, and video conference.
[bookmark: P_10]Proposal 10: In the CA scenario, for the joint adaptation across CCs, carrier-group-based PDCCH monitoring adaptation is considered.
Conclusions
Observation 1: Regarding the DCI codepoint mappings suggested in RAN1 #106bis-e:
· The mappings for Alt 1 and Alt 3a are not self-contained and may suffer from misdetection of DCI indication.
· The mappings for Alt 2 and Alt 3 are self-contained and robust to misdetection of DCI indication.

Proposal 1: If two SSSGs (i.e., default and non-default SSSGs) are configured, the default SSSG is associated with sparse PDCCH monitoring and the non-default SSSG is associated with dense PDCCH monitoring. The indication of Beh 1A is allowed only on the non-default SSSG (Alt 3). 
Proposal 2: For PDCCH monitoring adaptation Case 4 (2 SSSG switching with PDCCH skipping), one or both of the followings are supported:
· Alt 2: M = 1
· ‘00’ is Beh 2 and Beh 1
· ‘01’ is Beh 2A and Beh 1
· ‘10’ is Beh 2 and Beh 1A for duration T
· ‘11’ is Beh 2A and Beh 1A for duration T
· Alt 3: M = 2
· ‘00’ is Beh 2 and Beh 1
· ’01’ is Beh 2A and Beh 1
· ‘10’ is Beh 2A and Beh 1A for duration T1
· ‘11’ is Beh 2A and Beh 1A for duration T2
Proposal 3: By a single DCI indication, a UE is not expected to simultaneously perform two behaviors of SSSG switching and PDCCH skipping.
Proposal 4: The PDCCH skipping duration should be larger than the application delay of SSSG switching and no larger than the SSSG timer value.
Proposal 5: For PDCCH skipping, indication to skip the current DRX cycle, if DRX is configured, is not supported.
Proposal 6: The PDCCH skipping duration is configured per BWP, regardless of whether SSSGs are configured.
Proposal 7: For the application delay of PDCCH monitoring adaptation, 
· SSSG switching:
· Option a, if minimum scheduling offset restriction is not configured,
· Max{Option a, Option b}, otherwise.
· PDCCH skipping: Option f
· DL/UL HARQ retransmission during the skipping duration is handled by RTT/ReTx timers.
Proposal 8: For explicit indication of PDCCH monitoring adaptation, in addition to scheduling DCI formats 0_1/1_1/0_2/1_2, non-scheduling DCI formats are also considered:
· DCI format 1_1 (similar to Case 2 SCell dormancy indication),
· DCI format 2_6 (outside active time).
Proposal 9: For implicit indication of PDCCH monitoring adaptation, the following candidates are considered:
· Configured timer: per-non-default SSSG, if more than two SSSGs are supported,
· Transmission of SR and PRACH: terminate a PDCCH skip duration after transmitting a scheduling request or a PRACH preamble.
Proposal 10: In the CA scenario, for the joint adaptation across CCs, carrier-group-based PDCCH monitoring adaptation is considered.
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