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Introduction 
In RAN 1 #107-bis-e, UE power saving features are to enter the stage of maintenance, and any identified issue as well as the corresponding solution should be essential, instead of pursuing optimization. With the principle in mind, Table 1 shows the suggested priorities for the identified issues. 
[bookmark: _Ref92716646]Proposal 1: Focus on resolving the high priority issues in Table 1. 
[bookmark: _Ref92393152][bookmark: _Ref92716670]Table 1. Identified issues and the suggested priorities
	[bookmark: _Ref79075308]Category
	High priority issues
	Low priority issues  No discussion

	RRC parameter related

	· Configuration of PDCCH skipping duration(s) and SSSG timer
· Ambiguity in judging number of configured SSSGs
	· Sub-slot unit of skipping duration
· Different configuration for DCI format x_1 and DCI format x_2


	Monitoring and timer behaviors

	· SSSG timer update within and after PDCCH skipping duration 
· Application delay
· Interaction between BWP switching and Rel-17 power saving adaptation
	· Multi-Carrier indication
· Indication with non-scheduling DCI formats

	UE features
	Specify UE feature details of:
· Case 1: PDCCH skipping
· Case 2: 2 SSSG switching 
· Case 3: 3 SSSG switching 
· Case 4: PDCCH skipping + 2 SSSG
	Introduce new sub-feature
· Case 5: PDCCH skipping + 3 SSSG 





Resolving RRC Parameter Related Issues
In this section, we investigate and resolve RRC parameter related issues, considering the proposals in [1].  
Configuration of PDCCH Skipping Duration(s) and SSSG Timer
[bookmark: _Ref84031448][bookmark: _Ref87012988]In [1], there is one proposal on configuring PDCCH skipping duration(s) and SSSG timer per BWP or per SSSG, as quoted below. 
	[High] Proposal 4-3 (v1)
Down-select from the following alternatives
Alt1 (i.e., per BWP configuration for PDCCH skipping duration and SSSG switching timer)
· The timer value for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per BWP.
· the PDCCHSkippingDurationList-r17 is configured per BWP.
Alt 2 (i.e., per SSSG per BWP configuration for PDCCH skipping duration and SSSG switching timer)
· The timer value(s) are configured per BWP and 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 
· the PDCCHSkippingDurationList-r17 is configured per BWP and per SSSG.


According to [1], configuring PDCCH skipping duration/SSSG timer per SSSG is proposed to adapt to different. For different services, there can more different configurations other than search space set, for exampling, scheduling offset table and CSI report configuration. Consequently, BWP is a better framework for the adaptation. For a target service with a corresponding BWP, current PDCCH skipping and SSSG switching framework can already provide very flexible configurations of PDCCH monitoring behaviors, and per BWP configuration for the skip duration(s) and/or SSSG timer will be sufficient.
For the detailed configurations per BWP, it is noticed that the key factor for power saving gain is the “time gap between PDCCH monitoring”. For SSSG switching, it is PDCCH monitoring periodicity that determines UE power saving gain, instead of SSSG timer. In this regard, keeping a single SSSG timer per BWP will be sufficient. For case 4 that combines SSSG switching and PDCCH skipping, there can already realize three different time gaps between PDCCH monitoring. Since the need of more than three time-gap values is not yet justified, having complicated skip duration configuration per SSSG is not suggested. Consequently, we have the following proposal: 
[bookmark: _Ref92717881]Proposal 2: Support Alt 1. (Configure PDCCHSkippingDurationList-r17 and SSSG switching timer per BWP).
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[bookmark: _Ref92831928][bookmark: _Ref92831932]Figure 1: Sufficient adaptation flexibility with Per-BWP configuration

Ambiguity in Judging Configured SSSG Number 
In [2], the size of ‘PDCCH monitoring adaptation indication’ field in DCI for SSSG switching is determined according to searchSpaceGroupIdList-r17. In Figure 2, there shows a case with ambiguity in deciding the number of configured SSSG when an ‘empty’ SSSG is allowed. It is because an ‘empty’ SSSG will not label any SSS, and UE cannot distinguish case 2 and case 3 with such setting. To resolve this issue, a RRC parameter numOfSSSG, configured per BWP, is suggested. The value of numOfSSSG can be 2 or 3, and UE has explicit information on the number of configured SSSGs so as to ensure a correct size for ‘PDCCH monitoring adaptation indication’ field in DCI.

[bookmark: _Ref86840296][bookmark: _Ref92719253]Proposal 3: Introduce a RRC parameter numOfSSSG per BWP to resolve the ambiguity in configured number of SSSG when an empty SSSG is allowed.
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[bookmark: _Ref92476544][bookmark: _Ref92744465]Figure 2. Ambiguity issue in determine #SSSG when empty SSSG is allowed.
[bookmark: _Ref92744247]Proposal 4: Include the following text proposal for PDCCH monitoring adaptation indication field in Sections 7.3.1.1.2, 7.3.1.1.3, 7.3.1.2.2 and 7.3.1.2.3 of TS 38.212.
	<Unchanged parts are omitted>

· PDCCH monitoring adaptation indication – 0, 1 or 2 bits
-	1 or 2 bits, if searchSpaceGroupIdList-r17 is not configured and if PDCCHSkippingDurationList is configured
-	1 bit if the UE is configured with only one duration by PDCCHSkippingDurationList;
-	2 bits if the UE is configured with more than one duration by PDCCHSkippingDurationList.
-	1 or 2 bits, if PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured
-	1 bit if the UE is configured numOfSSSG = 2
-	2 bits if the UE is configured numOfSSSG = 3
-	2 bits, if PDCCHSkippingDurationList is configured and if searchSpaceGroupIdList-r17 is configured
-	0 bit, otherwise

<Unchanged parts are omitted>





Monitoring and Timer Behaviors
In this section, we investigate and resolve issues related to monitoring and timer behaviors, considering the proposals in [1].  
The Behavior of SSSG Timer Update
[bookmark: _Ref86840300]As an extension from Rel-16 NR-U, the mechanism of Rel-17 SSSG switching have the following new characteristics:
· SSSG switching is indicated by scheduling DCI formats
· New SSSG timer behavior should be specified if UE is indicated to skipping PDCCH monitoring 

[bookmark: _Ref92719827]It is worth noting that the behavior of second bullet is only considered in case 4. We suggest to specify the timer behvior based on whether PDCCH skipping is jointly configured with SSSG switching.


[bookmark: _Ref92744249]Proposal 5: Specify the SSSG timer behavior based on whether UE is provided PDCCHSkippingDurationList.

For the case UE is not provided PDCCHSkippingDurationList, how to reset/decrease SSSG timer for Rel-17 will be down-selected from the following agreement:

	Agreement
If a UE is provided with a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, the UE
-            resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot
o    Alt 2a: for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2
o    Alt 2b: for the Type3-PDCCH CSS set or the USS set
o    Alt 2c: with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI
-            otherwise, decrease the timer value by one after each slot.
-            FFS: When the timer expires in a slot



In Rel-16 NR-U, the timer is reset if UE is indicated to switch to the non-default SSSG with sparser monitoring occasion. This implies the channel is occupied for a duration, UE can reduce PDCCH monitoring. When the timer expires, UE switches to the default SSSG automatically.

In Rel-17, the timer is also used for switching to the default SSSG automatically, and it should be reset when UE is indicated to switch to the non-default SSSG for power saving. The timer decreases when UE does not receive any scheduling DCI. In the agreement, Alt 2c specifies the desired behavior. By the above, we have the following proposal:

[bookmark: _Ref92719959]Proposal 6: Support using PDCCH scrambled C-RNTI/CS-RNTI/MCS-C-RNTI with group index of either 1 or 2 to reset SSSG timer. The timer decreases when UE does not receive any scheduling DCI.
[bookmark: _Ref92744253]Proposal 7: Adopt the following text proposal for SSSG timer mechanism if UE is not provided PDCCHSkippingDurationList in Section 10.4 of TS 38.213
	<Unchanged parts are omitted>

If a UE is provided group indexes for a Type3-PDCCH CSS set or a USS set by searchSpaceGroupIdList-r17 and a timer value by searchSpaceSwitchTimer-r17 and, if the UE is not provided PDCCHSkippingDurationList for PDCCH monitoring on a serving cell and the timer is running, the UE
-	decrements the timer after a slot of an active DL BWP of the serving cell when the UE does not detect a DCI format in a PDCCH reception in the slot for with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI
-	resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot for with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI with group index of either 1 or 2
When the timer expires, the UE monitors PDCCH on the serving cell according to search space sets with group index 0.
<Unchanged parts are omitted>




For the case UE is provided both searchSpaceGroupIdList-r17 and PDCCHSkippingDurationList, a longer skipping duration may be configured because periodical PDCCH monitoring can be implemented by switching to non-default SSSG. After a long duration without monitoring PDCCH, it is reasonable for UE to back to per-slot PDCCH monitoring (i.e., default SSSG) for efficient data scheduling.

[bookmark: _Ref92719961]Proposal 8: UE switches to the default SSSG for efficient data scheduling after the end of PDCCH skipping duration if UE is provided PDCCHskippingDuraitonList.

Different from case 2 and case 3, case 4 has additional behavior where DCI indication is for PDCCH skipping instead for switching to another SSSG. Correspondingly, the simple behavior can be considered: “UE does not decrease the SSSG timer if it is indicated to skip PDCCH monitoring”, which avoid continuing SSSG timer update and handling potential SSSG switching during the PDCCH skipping duration. The following proposal is therefore suggested:

[bookmark: _Ref92719962]Proposal 9: For case 4 (with SSSG switching and PDCCH skipping), decrease SSSG timer when UE does not receive the scheduling DCI and UE is not indicated skipping PDCCH monitoring.
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[bookmark: _Ref92833682]Figure 3. The state machine and timer behavior for case 4 (with SSSG switching and PDCCH skipping)

[bookmark: _Ref92744256]Proposal 10: Adopt the following text proposal for SSSG timer mechanism if UE is provided PDCCHSkippingDurationList in Section 10.4 of TS 38.213

	<Unchanged parts are omitted>

If a UE is provided group indexes for a Type3-PDCCH CSS set or a USS set by searchSpaceGroupIdList-r17 and a timer value by searchSpaceSwitchTimer-r1 and, if the UE is provided PDCCHSkippingDurationList for PDCCH monitoring on a serving cell and the timer is running, the UE
-	decrements the timer after a slot of an active DL BWP of the serving cell when the UE does not detect a DCI format in a PDCCH reception in the slot for with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI and, UE is not indicated skipping PDCCH monitoring 
-	resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot for with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI with group index of either 1 or 2 
When the timer expires or after the duration of skipping PDCCH monitoring, if indicated, the UE monitors PDCCH on the serving cell according to search space sets with group index 0.

<Unchanged parts are omitted>




Application Time/Delay and Retransmission Handling
The application time/delay for PDCCH skipping and SSSG switching are proposed as follows, along with the corresponding text proposals:
[bookmark: _Ref92719964]Proposal 11: For PDCCH skipping, UE starts to skip monitoring PDCCH at the start of next slot of the DCI indication.
[bookmark: _Ref92720012]Proposal 12: For SSSG switching, UE switches to another SSSG after  from the start of next slot of the DCI indication (same behavior as Rel-16)
[bookmark: _Ref92744262][bookmark: _Hlk92738314]Proposal 13: Adopt the following text proposal for application delay in Section 10.4 of TS 38.213

	<Unchanged parts are omitted>

A UE can be provided a set of durations by PDCCHSkippingDurationList for PDCCH monitoring on a serving cell and, if the UE is not provided searchSpaceGroupIdList-r17, a DCI format 0_1, and/or DCI format 1_1, and/or DCI format 0_2, and/or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception can include a PDCCH monitoring adaptation field of 1 bit or of 2 bits. 
If the field has 1 bit and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-	a '0' value for the bit indicates no skipping in PDCCH monitoring
-	a '1' value for the bit indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations, starting at a first slot after the last symbol of the PDCCH
If the field has 2 bits and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on a serving cell
-	a '00' value for the bits indicates no skipping in PDCCH monitoring 
-	a '01' value for the bits indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations, starting at a first slot after the last symbol of the PDCCH
-	a '10' value for the bits indicates skipping PDCCH monitoring for a duration provided by the second value in the set of durations, starting at a first slot after the last symbol of the PDCCH
-	a '11' value for the bits indicates skipping PDCCH monitoring for a duration provided by the third value in the set of duration if any; otherwise, if the set of durations includes two values, a use of the ‘11’ value is reserved

A UE can be provided group indexes for a Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList-r17 for PDCCH monitoring on a serving cell and, if the UE is not provided PDCCHSkippingDurationList, DCI format 0_1, or DCI format 1_1, or DCI format 0_2, or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception can include a PDCCH monitoring adaptation field of 1 bit or of 2 bits. 
If the field has 1 bit and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-	a '0' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and stop of PDCCH monitoring according to search space sets with other group indexes, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH
-	a '1' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and stop of PDCCH monitoring according to search space sets with other group indexes, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH

If the field has 2 bits and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-	a '00' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and stop of PDCCH monitoring according to search space sets with other group indexes, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH
-	a '01' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and stop of PDCCH monitoring according to search space sets with other group indexes, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH
-	a '10' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 2 and stop of PDCCH monitoring according to search space sets with other group indexes, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH
-	a '11' value is reserved

A UE can be provided a set of durations by PDCCHSkippingDurationList and group indexes for a Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList-r17 for PDCCH monitoring on a serving cell and, a DCI format 0_1, and/or DCI format 1_1, and/or DCI format 0_2, and/or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception can include a PDCCH monitoring adaptation field of 2 bits. 
If the set of durations includes one value and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-	a '00' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and stop of PDCCH monitoring according to search space sets with group index 1, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH
-	a '01' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and stop of PDCCH monitoring according to search space sets with group index 0, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH
-	a '10' value for the bits indicates skipping PDCCH monitoring for a duration provided by the value in the set of durations, starting at a first slot after the last symbol of the PDCCH
-	a '11' value is reserved
If the set of durations includes two values and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-	a '00' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and stop of PDCCH monitoring according to search space sets with group index 1, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH
-	a '01' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and stop of PDCCH monitoring according to search space sets with group index 0, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH
-	a '10' value for the bits indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations, starting at a first slot after the last symbol of the PDCCH
-	a '11' value for the bits indicates skipping PDCCH monitoring for a duration provided by the second value in the set of durations, starting at a first slot after the last symbol of the PDCCH

<Unchanged parts are omitted>



Since PDCCH monitoring indication is by a scheduling DCI, retransmission(s) can be significantly impacted since gNB cannot know UE decoding outcome at the time sending the indication. Thus, retransmission handling should be included for Rel-17 enhancement. To simplify the maintenance effort, the same mechanism for both PDCCH skipping and SSSG switching should be targeted.
Specifically, UE is expected to resume PDCCH monitoring for retransmission for the case of HARQ NACK for the scheduled PDSCH as well as the case of unknown HARQ outcome for the scheduled PUSCH, subject to pre-configured time duration for the additional monitoring, correspondingly ReTxMonitoringDurationDL for downlink or ReTxMonitoringDurationUL for uplink. If DRX is configured, the configured duration can be set as the sum time of RTT timer and retransmission timer. Yet, having dedicated configuration allows the Rel-17 enhancement to work in the use cases without DRX (e.g., URLLC while still demanding low-latency power saving during data inactivity). 

The retransmission handling for PDCCH skipping is illustrated in Figure 4. In the bottom timeline, it is suggested that UE backs to PDCCH skipping after retransmission monitoring before the end of the skip duration. This is particularly useful for UL case, where retransmission monitoring is always performed since there is no dedicated HARQ ACK/NACK for UE UL. Without back to PDCCH skipping, there will be significant power consumption for the applications with rich UL traffics. By the above, the following proposal for PDCCH skipping is suggested:

[bookmark: _Ref92744267]Proposal 14: For the case of PDCCH skipping
· If UE transmits HARQ-NACK for the PDSCH scheduled by the PDCCH indicating skipping PDCCH monitoring, the UE resume PDCCH monitoring for a configured time duration provided by ReTxMonitoringDurationDL, starting at a first slot after the last symbol of the HARQ-NACK transmission.
· If UE transmits PUSCH scheduled by the PDCCH indicating skipping PDCCH monitoring, the UE resume PDCCH monitoring for a configured time duration provided by ReTxMonitoringDurationUL, starting at a first slot after the last symbol of the PUSCH transmission.

[image: ]

[bookmark: _Ref92703175][bookmark: _Ref92744735]Figure 4. Retransmission handling for PDCCH skipping.

Analogous mechanism can be applied to SSSG switching. The only different is that: UE switches to the default SSSG to receive the possible retransmission request as illustrated in Figure 5. If UE keeps staying in the non-default SSSG, which is configured with sparser monitoring occasion or without any monitor occasion, the UE still cannot timely response the retransmission scheduling. Therefore, it is suggested that UE starts monitoring the SSS associated to the default SSSG after a switching delay when the HARQ processing outcome is NACK (DL case) or unknown (UL case). The switching delay can be set as  (or shorter than  because UE does not decode the PDCCH before the SSSG switch for retransmission monitoring). Accordingly, the following proposals are suggested: 

[bookmark: _Ref92720018]Proposal 15: For the case of SSSG switching, UE starts monitoring PDCCH associated with default SSSG after  for a configured duration, ReTxMonitoringDurationDL for downlink scheduling or ReTxMonitoringDurationUL for uplink scheduling, if the HARQ processing outcome is invalid (DL case) or unknown (UL case). 
[bookmark: _Ref92720020]
Proposal 16: If the remaining time of SSSG timer is more than , UE switches to the indicated SSSG for power saving. Otherwise, UE stays in the default SSSG.

[image: ]
[bookmark: _Ref92703819][bookmark: _Ref92725471]Figure 5. Retransmission handling for SSSG switching.

[bookmark: _Ref92744299]Proposal 17: Adopt the following text proposal for retransmission handling to the end of Section 10.4 of TS 38.213

	<Unchanged parts are omitted>

If UE transmits HARQ-NACK for the PDSCH scheduled by the PDCCH indicating skipping PDCCH monitoring, the UE resume PDCCH monitoring for a configured time duration provided by ReTxMonitoringDurationDL, starting at a first slot after the last symbol of the HARQ-NACK transmission.

If UE transmits PUSCH scheduled by the PDCCH indicating skipping PDCCH monitoring, the UE resume PDCCH monitoring for a configured time duration provided by ReTxMonitoringDurationUL, starting at a first slot after the last symbol of the PUSCH transmission.


If UE transmits HARQ-NACK for the PDSCH scheduled by the PDCCH indicating SSSG switching, the UE starts PDCCH monitoring according to search space sets with group index 0 and stops PDCCH monitoring according to search space sets with other group indexes, if any, for a configured time duration provided by  ReTxMonitoringDurationDL at a first slot that is at least  symbols after the last symbol of the HARQ-NACK transmission. After the time duration provided by ReTxMonitoringDurationDL, if there are at least  symbols before SSSG timer expiration, the UE starts PDCCH monitoring according to search space sets with group index indicated by the PDCCH and stops PDCCH monitoring according to search space sets with group index 0 at a first slot that is at least  symbols after the last symbol of time duration provided by ReTxMonitoringDurationDL.


If UE transmits PUSCH scheduled by the PDCCH indicating SSSG switching, the UE starts PDCCH monitoring according to search space sets with group index 0 and stops PDCCH monitoring according to search space sets with other group indexes, if any, for a configured time duration provided by ReTxMonitoringDurationUL at a first slot that is at least  symbols after the last symbol of the PUSCH transmission. After the time duration provided by ReTxMonitoringDurationUL, if there are at least  symbols before SSSG timer expiration, the UE starts PDCCH monitoring according to search space sets with group index indicated by the PDCCH and stops PDCCH monitoring according to search space sets with group index 0 at a first slot that is at least  symbols after the last symbol of time duration provided by ReTxMonitoringDurationUL
.
<Unchanged parts are omitted>



[bookmark: _Ref78945203][bookmark: _Ref71657642]Interaction Between BWP Switching 
[bookmark: _Ref84031461][bookmark: _Ref86840305]The UE may change the BWP due to a BWP inactivity timer expiration during the count-down of SSSG timer or the PDCCH skipping duration. Since there is no DCI indication, UE behavior in the target BWP should be clarified. We suggest that UE follows the default monitoring behavior and reset every timer based on the target BWP setting.
[bookmark: _Ref92720025]Proposal 21: If UE changes BWP due to a BWP inactivity timer expiration, UE follows the default monitoring behavior and reset every timer based on the target BWP setting 
[bookmark: _Ref92744301]Proposal 22: Adopt the following text proposal as a new paragraph in the end of Section 10.4 of TS 38.213 

	<Unchanged parts are omitted>

If UE changes an active DL BWP due to a BWP inactivity timer expiration, UE monitors PDCCH, assuming PDCCH monitoring adaptation field of value zero, after the active DL BWP change.

<Unchanged parts are omitted>




Conclusion
In this contribution, the following observations and proposals are provided:

Proposal 1: Focus on resolving the high priority issues in Table 1.

Table 1. Identified issues and the suggested priorities
	Category
	High priority issues
	Low priority issues  No discussion

	RRC parameter related

	· Configuration of PDCCH skipping duration(s) and SSSG timer
· Ambiguity in judging number of configured SSSGs
	· Sub-slot unit of skipping duration
· Different configuration for DCI format x_1 and DCI format x_2
· 

	Monitoring and timer behaviors

	· SSSG timer update within and after PDCCH skipping duration 
· Application delay
· Interaction between BWP switching and Rel-17 power saving adaptation
	· Multi-Carrier indication
Indication with non-scheduling DCI formats

	UE features
	Specify UE feature details of:
· Case 1: PDCCH skipping
· Case 2: 2 SSSG switching 
· Case 3: 3 SSSG switching 
· Case 4: PDCCH skipping + 2 SSSG
	Introduce new sub-feature
· Case 5: PDCCH skipping + 3 SSSG 



Proposal 2: Support Alt 1. (Configure PDCCHSkippingDurationList-r17 and SSSG switching timer per BWP).

[image: ]
Figure 1: Sufficient adaptation flexibility with Per-BWP configuration
Proposal 3: Introduce a RRC parameter numOfSSSG per BWP to resolve the ambiguity in configured number of SSSG when an empty SSSG is allowed.

[image: ]
Figure 2. Ambiguity issue in determine #SSSG when empty SSSG is allowed.

Proposal 4: Include the following text proposal for PDCCH monitoring adaptation indication field in Sections 7.3.1.1.2, 7.3.1.1.3, 7.3.1.2.2 and 7.3.1.2.3 of TS 38.212.

	<Unchanged parts are omitted>

· PDCCH monitoring adaptation indication – 0, 1 or 2 bits
-	1 or 2 bits, if searchSpaceGroupIdList-r17 is not configured and if PDCCHSkippingDurationList is configured
-	1 bit if the UE is configured with only one duration by PDCCHSkippingDurationList;
-	2 bits if the UE is configured with more than one duration by PDCCHSkippingDurationList.
-	1 or 2 bits, if PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured
-	1 bit if the UE is configured numOfSSSG = 2
-	2 bits if the UE is configured numOfSSSG = 3
-	2 bits, if PDCCHSkippingDurationList is configured and if searchSpaceGroupIdList-r17 is configured
-	0 bit, otherwise

<Unchanged parts are omitted>



Proposal 5: Specify the SSSG timer behavior based on whether UE is provided PDCCHSkippingDurationList.

Proposal 6: Support using PDCCH scrambled C-RNTI/CS-RNTI/MCS-C-RNTI with group index of either 1 or 2 to reset SSSG timer. The timer decreases when UE does not receive any scheduling DCI.

Proposal 7: Adopt the following text proposal for SSSG timer mechanism if UE is not provided PDCCHSkippingDurationList in Section 10.4 of TS 38.213

	<Unchanged parts are omitted>

If a UE is provided group indexes for a Type3-PDCCH CSS set or a USS set by searchSpaceGroupIdList-r17 and a timer value by searchSpaceSwitchTimer-r17 and, if the UE is not provided PDCCHSkippingDurationList for PDCCH monitoring on a serving cell and the timer is running, the UE
-	decrements the timer after a slot of an active DL BWP of the serving cell when the UE does not detect a DCI format in a PDCCH reception in the slot for with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI
-	resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot for with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI with group index of either 1 or 2
When the timer expires, the UE monitors PDCCH on the serving cell according to search space sets with group index 0.
<Unchanged parts are omitted>



Proposal 8: UE switches to the default SSSG for efficient data scheduling after the end of PDCCH skipping duration if UE is provided PDCCHskippingDuraitonList.

Proposal 9: For case 4 (with SSSG switching and PDCCH skipping), decrease SSSG timer when UE does not receive the scheduling DCI and UE is not indicated skipping PDCCH monitoring.
[image: ]
Figure 3. The state machine and timer behavior for case 4 (with SSSG switching and PDCCH skipping)

Proposal 10: Adopt the following text proposal for SSSG timer mechanism if UE is provided PDCCHSkippingDurationList in Section 10.4 of TS 38.213

	<Unchanged parts are omitted>

If a UE is provided group indexes for a Type3-PDCCH CSS set or a USS set by searchSpaceGroupIdList-r17 and a timer value by searchSpaceSwitchTimer-r1 and, if the UE is provided PDCCHSkippingDurationList for PDCCH monitoring on a serving cell and the timer is running, the UE
-	decrements the timer after a slot of an active DL BWP of the serving cell when the UE does not detect a DCI format in a PDCCH reception in the slot for with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI and, UE is not indicated skipping PDCCH monitoring 
-	resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot for with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI with group index of either 1 or 2 
When the timer expires or after the duration of skipping PDCCH monitoring, if indicated, the UE monitors PDCCH on the serving cell according to search space sets with group index 0.

<Unchanged parts are omitted>



Proposal 11: For PDCCH skipping, UE starts to skip monitoring PDCCH at the start of next slot of the DCI indication.
Proposal 12: For SSSG switching, UE switches to another SSSG after from the start of next slot of the DCI indication (same behavior as Rel-16)

Proposal 13: Adopt the following text proposal for application delay in Section 10.4 of TS 38.213

	<Unchanged parts are omitted>

A UE can be provided a set of durations by PDCCHSkippingDurationList for PDCCH monitoring on a serving cell and, if the UE is not provided searchSpaceGroupIdList-r17, a DCI format 0_1, and/or DCI format 1_1, and/or DCI format 0_2, and/or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception can include a PDCCH monitoring adaptation field of 1 bit or of 2 bits. 
If the field has 1 bit and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-	a '0' value for the bit indicates no skipping in PDCCH monitoring
-	a '1' value for the bit indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations, starting at a first slot after the last symbol of the PDCCH
If the field has 2 bits and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on a serving cell
-	a '00' value for the bits indicates no skipping in PDCCH monitoring 
-	a '01' value for the bits indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations, starting at a first slot after the last symbol of the PDCCH
-	a '10' value for the bits indicates skipping PDCCH monitoring for a duration provided by the second value in the set of durations, starting at a first slot after the last symbol of the PDCCH
-	a '11' value for the bits indicates skipping PDCCH monitoring for a duration provided by the third value in the set of duration if any; otherwise, if the set of durations includes two values, a use of the ‘11’ value is reserved

A UE can be provided group indexes for a Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList-r17 for PDCCH monitoring on a serving cell and, if the UE is not provided PDCCHSkippingDurationList, DCI format 0_1, or DCI format 1_1, or DCI format 0_2, or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception can include a PDCCH monitoring adaptation field of 1 bit or of 2 bits. 
If the field has 1 bit and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-	a '0' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and stop of PDCCH monitoring according to search space sets with other group indexes, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH
-	a '1' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and stop of PDCCH monitoring according to search space sets with other group indexes, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH

If the field has 2 bits and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-	a '00' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and stop of PDCCH monitoring according to search space sets with other group indexes, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH
-	a '01' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and stop of PDCCH monitoring according to search space sets with other group indexes, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH
-	a '10' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 2 and stop of PDCCH monitoring according to search space sets with other group indexes, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH
-	a '11' value is reserved

A UE can be provided a set of durations by PDCCHSkippingDurationList and group indexes for a Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList-r17 for PDCCH monitoring on a serving cell and, a DCI format 0_1, and/or DCI format 1_1, and/or DCI format 0_2, and/or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception can include a PDCCH monitoring adaptation field of 2 bits. 
If the set of durations includes one value and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-	a '00' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and stop of PDCCH monitoring according to search space sets with group index 1, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH
-	a '01' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and stop of PDCCH monitoring according to search space sets with group index 0, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH
-	a '10' value for the bits indicates skipping PDCCH monitoring for a duration provided by the value in the set of durations, starting at a first slot after the last symbol of the PDCCH
-	a '11' value is reserved
If the set of durations includes two values and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-	a '00' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and stop of PDCCH monitoring according to search space sets with group index 1, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH
-	a '01' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and stop of PDCCH monitoring according to search space sets with group index 0, if any, at a first slot that is at least  symbols after the last symbol of the PDCCH
-	a '10' value for the bits indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations, starting at a first slot after the last symbol of the PDCCH
-	a '11' value for the bits indicates skipping PDCCH monitoring for a duration provided by the second value in the set of durations, starting at a first slot after the last symbol of the PDCCH

<Unchanged parts are omitted>


Proposal 14: For the case of PDCCH skipping
· If UE transmits HARQ-NACK for the PDSCH scheduled by the PDCCH indicating skipping PDCCH monitoring, the UE resume PDCCH monitoring for a configured time duration provided by ReTxMonitoringDurationDL, starting at a first slot after the last symbol of the HARQ-NACK transmission.
· If UE transmits PUSCH scheduled by the PDCCH indicating skipping PDCCH monitoring, the UE resume PDCCH monitoring for a configured time duration provided by ReTxMonitoringDurationUL, starting at a first slot after the last symbol of the PUSCH transmission.

[image: ]
Figure 4. Retransmission handling for PDCCH skipping.


Proposal 15: For the case of SSSG switching, UE starts monitoring PDCCH associated with default SSSG after  for a configured duration, ReTxMonitoringDurationDL for downlink scheduling or ReTxMonitoringDurationUL for uplink scheduling, if the HARQ processing outcome is invalid (DL case) or unknown (UL case).

Proposal 16: If the remaining time of SSSG timer is more than, UE switches to the indicated SSSG for power saving. Otherwise, UE stays in the default SSSG.

[image: ]
Figure 5. Retransmission handling for SSSG switching.


Proposal 17: Adopt the following text proposal for retransmission handling to the end of Section 10.4 of TS 38.213

	<Unchanged parts are omitted>

If UE transmits HARQ-NACK for the PDSCH scheduled by the PDCCH indicating skipping PDCCH monitoring, the UE resume PDCCH monitoring for a configured time duration provided by ReTxMonitoringDurationDL, starting at a first slot after the last symbol of the HARQ-NACK transmission.

If UE transmits PUSCH scheduled by the PDCCH indicating skipping PDCCH monitoring, the UE resume PDCCH monitoring for a configured time duration provided by ReTxMonitoringDurationUL, starting at a first slot after the last symbol of the PUSCH transmission.


If UE transmits HARQ-NACK for the PDSCH scheduled by the PDCCH indicating SSSG switching, the UE starts PDCCH monitoring according to search space sets with group index 0 and stops PDCCH monitoring according to search space sets with other group indexes, if any, for a configured time duration provided by  ReTxMonitoringDurationDL at a first slot that is at least  symbols after the last symbol of the HARQ-NACK transmission. After the time duration provided by ReTxMonitoringDurationDL, if there are at least  symbols before SSSG timer expiration, the UE starts PDCCH monitoring according to search space sets with group index indicated by the PDCCH and stops PDCCH monitoring according to search space sets with group index 0 at a first slot that is at least  symbols after the last symbol of time duration provided by ReTxMonitoringDurationDL.


If UE transmits PUSCH scheduled by the PDCCH indicating SSSG switching, the UE starts PDCCH monitoring according to search space sets with group index 0 and stops PDCCH monitoring according to search space sets with other group indexes, if any, for a configured time duration provided by ReTxMonitoringDurationUL at a first slot that is at least  symbols after the last symbol of the PUSCH transmission. After the time duration provided by ReTxMonitoringDurationUL, if there are at least  symbols before SSSG timer expiration, the UE starts PDCCH monitoring according to search space sets with group index indicated by the PDCCH and stops PDCCH monitoring according to search space sets with group index 0 at a first slot that is at least  symbols after the last symbol of time duration provided by ReTxMonitoringDurationUL.

<Unchanged parts are omitted>



Proposal 21: If UE changes BWP due to a BWP inactivity timer expiration, UE follows the default monitoring behavior and reset every timer based on the target BWP setting

Proposal 22: Adopt the following text proposal as a new paragraph in the end of Section 10.4 of TS 38.213

	<Unchanged parts are omitted>

If UE changes an active DL BWP due to a BWP inactivity timer expiration, UE monitors PDCCH, assuming PDCCH monitoring adaptation field of value zero, after the active DL BWP change.

<Unchanged parts are omitted>
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