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Introduction 
After RAN1 #107-e, Rel-17 WI of UE power saving enhancements for NR formally enters the maintenance stage, 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][bookmark: _Ref95741620][bookmark: _Ref92393152][bookmark: _Ref92716670]Proposal 1: Focus on resolving the high priority issues in Table 1, and deprioritize the low priority issue with which the feature is still functional.
[bookmark: _Ref95239954][bookmark: _Ref95404148][bookmark: _Ref95741679]
Table 1. Identified issues and the suggested priorities
	[bookmark: _Ref79075308]High priority issue
	Low priority issue

	· Ambiguity in judging number of configured SSSGs
· SSSG timer update within and after PDCCH skipping duration 
· Monitoring in PDCCH skipping duration
· Application delay
· Interaction between BWP switching and Rel-17 power saving adaptation
· Alignment with RAN2 agreements in R1-2200884 (R2-2201960), RAN2 LS on PDCCH skipping
	· Case 5: PDCCH skipping + 3 SSSG




Ambiguity in Judging the Size of PDCCH Monitoring Adaptation Bit Field
According to 38.212 [2], UE needs to know whether a third SSSG is configured for correct parsing of the PDCCH monitoring adaptation bit field. However, since an ‘empty’ SSSG can be configured by not labeling any SSS, UE cannot distinguish whether the third SSSG is configured from the search space set setting. This implies that UE has ambiguity in judging the size of the bit field. To resolve this issue, the following options are summarized [1]:

	[bookmark: _Ref84031448][bookmark: _Ref87012988][Medium] Proposal 1-2 (v2)
For DCI format 0_1, DCI format 0_2, DCI format 1_1 and DCI format 1_2,     
· 1 or 2 bits, if PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured
Option 1: (proposed by Qualcomm in email)
-     1 bit if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0 and search space set(s) with group index 1, and if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-     2 bits if the UE is configured by searchSpaceGroupList-r17 with search space set(s) with group index 2.
Option 2: (proposed by Nokia in email)
-     1 bit if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-     2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 2;
Option 3: (proposed by Huawei in x0034)
-     1 bit if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0 and search space set(s) with group index 1, and if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-     2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0, search space set(s) with group index 1 and search space set(s) with group index 2;
Option 4: (proposed by MTK in x0608)
-	1 bit if the UE is configured numOfSSSG = 2
-	2 bits if the UE is configured numOfSSSG = 3
-  Note: numOfSSSG is per BWP configured


[bookmark: _Ref92717881]
The main difference among the above options is whether to confirm at least one search space set is associated with each SSSG. The intension of option 3 is to preclude any SSSG that is associated with no SSS, while option 1 and option 2 still allow SSSG1 to be associated with no SSS. From UE implementation point of view, option 2 can lead to the simplest implementation. Also, option 3 cannot avoid ‘empty’ SSSG since it can still be realized by configuring a searchSpace with nrofCandidates is set to n0 in each aggregation level, as illustrated in configuration 2 of Figure 1. Thus, the following observations can be provided:
[bookmark: _Ref95234556]
[bookmark: _Ref95741810][bookmark: _Ref95404248]Observation 1: Among the solutions without RRC impact, option 2 allows UE to explicitly decide the bit number of the PDCCH monitoring adaptation bit field with the simplest implementation.

[bookmark: _Ref95727777][bookmark: _Ref95234561][bookmark: _Ref95741811]Observation 2: Although bit field size ambiguity is resolved, empty SSSG is still possible to be configured by either of the following:
· Not label any search space set to the SSSG
· Configure a search space without nrofCandidates.

[image: ]
[bookmark: _Ref95244197][bookmark: _Ref95741860]Figure 1. Example of possible configuration to realize an ‘empty’ SSSG

Therefore, we have the following proposals:

[bookmark: _Ref95234616]Proposal 2: Support Option 2 to resolve the ambiguity issue in the size of PDCCH monitoring adaptation bit field.

[bookmark: _Ref95234618]Proposal 3: Support 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 
	[bookmark: _Hlk95741890]<Unchanged parts are omitted>
-	1 or 2 bits, if PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured
-     1 bit if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set associated with group index 2;
-     2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) associated with group index 2;
<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 the feature lead summary [1].  

The Behavior of SSSG Timer Update
As an extension from Rel-16 NR-U, the mechanism of Rel-17 SSSG switching has the following new characteristics:
· SSSG switching can be indicated by a scheduling DCI format
· SSSG timer behavior should be specified if UE is indicated to skip PDCCH monitoring 

In [1], the following alternatives are collected for specifying the timer behavior of Rel-17 SSSG switching:
	[High] Proposal 3-1 (v1) – Timer behaviour for discussion
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 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
· Alt 2a-modified: with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI in a PDCCH reception in the slot for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2
· Alt 2b: for the Type3-PDCCH CSS set or the USS set
· Alt 2c: with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI 
 -       otherwise, 
· Alt 3a:decrease the timer value by one after each slot.
· Alt3a-modified: decrease the timer value by one after each slot, if UE does not apply PDCCH skipping
· Alt 3c: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 Type3-PDCCH CSS set or the USS set with group index of either 1 or 2




The SSSG timer is used for switching to the default SSSG automatically. Whether to reset the timer when UE is indicated to switch to default SSSG does not impact the UE behavior. Considering that scheduling DCI is utilized to indicate SSSG switching in Rel-17, the behavior of the timer should depend on whether UE receives the scheduling DCI or not. If UE receives the scheduling DCI, the timer should be reset. Otherwise, decrease the timer.

If we further take into account case 4, i.e., the hybrid case, the timer behavior during the PDCCH skipping should be specified. To avoid continuing SSSG timer update and handling potential SSSG switching during the PDCCH skipping duration, the simple behavior, Alt3a-modified, can be considered, i.e., “decrease the timer value by one after each slot, if UE does not apply PDCCH skipping”. Given that Alt 2c and Alt 3a-modified together specify the desired behaviors, the following proposals are suggested:

[bookmark: _Ref95234619][bookmark: _Ref92719959][bookmark: _Ref92719962]
[bookmark: _Ref95234620]Proposal 4: Support Alt 2c. Reset SSSG timer when the UE receives PDCCH scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI. 

Proposal 5: Support Alt 3a-modified. Decrease SSSG timer when the UE does not receive a scheduling DCI with PDCCH monitoring adaptation field and the UE is not indicated skipping PDCCH monitoring.


[bookmark: _Ref92744253]Proposal 6: Adopt the following text proposal for SSSG timer mechanism 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 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
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>




The Monitoring Behavior of PDCCH Skipping
In [1], a possible proposal for PDCCH skipping is summarized as follows:

	[bookmark: _Ref86840300][Medium] proposal 2-1 (v2)
When the UE is indicated skipping PDCCH monitoring for a duration on a serving cell, the UE skips monitoring of PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in any CSS and USS.
Note: It has already been agreed that PDCCH skipping of type 3 CSS and USS is supported.



Beh 1A is used to support PDCCH skipping for a duration. During the skipping duration, there will require additional network handling for scheduling data scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI, e.g., avoiding/hanlding potential retransmission(s). To avoid the additional complexity, it is recommended UE skips all unicast RNTIs during the skipping duration.

[bookmark: _Ref92744249]Proposal 7: UE skips monitoring of PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI in any CSS and USS when UE is indicated skipping PDCCH monitoring for a duration.

[bookmark: _Ref95234624]Proposal 8: Adopt the following text proposal for PDCCH monitoring in Section 10.1 of TS 38.213:
	<Unchanged parts are omitted>

If a UE is provided 
-	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and 
-	a C-RNTI, an MCS-C-RNTI, or a CS-RNTI
the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in the one or more search space sets in a slot where the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI, or P-RNTI. If the UE is indicated skipping PDCCH monitoring for a duration as described in clause 10.4, the UE skips monitoring PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in the above search space set(s).

<Unchanged parts are omitted>




Application Time/Delay and Retransmission Handling
In [1], the possible agreement separates the application delay and retransmission handling for PDCCH skipping and SSSG switching:

	Possible Agreement
The following application delay is considered for baseline 
-            Upon detecting a scheduling DCI format 1-1/1-2/0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A), select one of the following schemes
[bookmark: _Hlk95310589]o    Alt 1a: the UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
o    Alt 1b: the UE applies Beh 1A on the serving cell at the first slot after the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended, e.g., the indication is applied in the next Zµ slot, where Definition of Zµ is described in Table 5.3.1-1 in TS38.214

-            Upon detecting a scheduling DCI format 1-1/1-2/0-1/0-2 indicating SSSG switching (i.e., Beh 2/2A/2B),  select one of the following schemes
o    Alt 1a: the UE applies SSSG switching on the serving cell at a first slot that is at least Pswitch symbols after the last symbol of the PDCCH
o    FFS application delay when cross-slot scheduling adaptation are jointly configured
o     Alt 1b: the UE applies SSSG switching on the serving cell at a first slot that is after the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended, e.g., the indication is applied in the next Zµ slot, where Definition of Zµ is described in Table 5.3.1-1 in TS38.214
o     Alt 1c: the UE applies SSSG switching on the serving cell [TBD: Application delay] after the last OFDM symbol of HARQ-ACK transmission/PUSCH transmission
-            Upon SSSG timer exipry, UE performs Beh 2 at a first slot that is at least Pswitch symbols after a slot where the timer expires
-            FFS value of Pswitch, e.g., Table 10.4-1 in TS38.213 for search-space group switching

Select from below how to handle the case of PDCCH skipping interaction with HARQ retransmission, 
-      Alt 0: No additional UE behavior is specified.
-     Alt 1: During PDCCH skipping duration, the UE still performs PDCCH monitoring (i.e., Beh 1) when drx-RetransmissionTimerDL/UL is running
-       Alt 2:  For PDCCH skipping indication via 1-1/1-2, If the UE fails to decode the associated PDSCH and/or transmit a NACK, UE performs Beh 1 (i.e., the PDCCH skipping is stopped) at the first slot after the last OFDM symbol of the NACK transmission.




Considering the hybrid case (case 4) in Rel-17 PDCCH adaptation, the similar mechanism for both PDCCH skipping and SSSG switching should be targeted. Also, to reduce the effort of UE implementation, similar mechanism for both uplink and downlink should be pursued. Therefore, we suggest adopting Alt 1a as application delay for both PDCCH skipping and SSSG switching.

As for the issue of retransmission handling, the main purpose is to avoid blocking retransmission due to a long time duration UE doesn’t monitor PDCCH. As indicated in Observation 2, such behavior is also possible with SSSG switching, and thus, if retransmission handling is included, it should apply to both PDCCH skipping and SSSG switching. On the other hand, the monitoring behavior change of SSSG switching by Alt 1 will induce complicated SSSG timer behavior, including whether/how to resume or restart timer after drx-RetransmissionTimerDL/UL is finished, which seems not realistic in the maintenance phase. For Alt 2, it implements sort of cancellation rule for DL. For UL case, since gNB ACK/NACK to UE UL is unknown to UE, this solution cannot provide power saving for UL case. 

Retransmission handling issue can be avoided by network implementation, e.g., applying lower MCS for the last TB or triggering skipping by a (dummy) UL scheduling after confirming all DL TBs are correctly decoded by UE. Although either of the above network solutions can be further optimized for reduced system overhead, we suggest proceeding with the baseline solution for Rel-17 WI of UE power saving enhancement and leave the potential optimization to Rel-18, e.g, in SI/WI of XR enhancement.

[bookmark: _Ref95404375][bookmark: _Ref92720012]Proposal 9: Support Alt 1a for PDCCH skipping, UE starts to skip monitoring PDCCH at the first slot after the last OFDM symbol of the PDCCH transmission. 
[bookmark: _Ref95404376]
Proposal 10: Support Alt 1a 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: _Ref95741966][bookmark: _Ref95234627]Observation 3: Retransmission handling issue can be avoided by network implementation, e.g., applying lower MCS for the last TB or triggering skipping by a (dummy) UL scheduling after confirming all DL TBs are correctly decoded by UE. Although either of the above network solutions can be further optimized for reduced system overhead, such optimization can be left to Rel-18.
[bookmark: _Ref95741633]
Proposal 11: Support Alt 0, not to introduce additional UE behavior for retransmission handling in Rel-17.

[bookmark: _Ref92744262][bookmark: _Hlk92738314]Proposal 12: 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>



[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 SSSG timer based on the target BWP setting.
[bookmark: _Ref92720025]Proposal 13: If UE changes BWP due to a BWP inactivity timer expiration, UE applies the default monitoring behavior and reset every SSSG timer based on the target BWP setting.

[bookmark: _Ref92744301]Proposal 14: 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>




Response to LS from RAN2 
According the LS from RAN2 on PDCCH skipping in RRC_CONNECTED [4], there requires additional RAN1 TP to TS 38.213 in order for capturing the following RAN2 agreements:
 
	RAN2 has discussed the impact of PDCCH skipping on SR and RA procedure. Following agreements were made in RAN2#116bis-e:
1. UE ignores PDCCH skipping while the SR is pending.

1. If PDCCH skipping is applied to RNTI(s) monitored during RAR/MsgB window, the UE ignores PDCCH skipping during the RAR/MsgB window.

1. UE ignores PDCCH skipping while contention resolution timer is running.




Accordingly, the following TP is suggested:

[bookmark: _Ref95749054]Proposal 15: 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 the UE starts the ra-ResponseWindow or the msgB-ResponseWindow or the ra-ContentionResolutionTimer as described in [11, TS 38.321], the UE terminates PDCCH skipping.

If a Scheduling Request is sent on PUCCH and is pending, the UE terminates PDCCH skipping. 

<Unchanged parts are omitted>





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

Proposal 1: Focus on resolving the high priority issues in Table 1, and deprioritize the low priority issue with which the feature is still functional.

Table 1. Identified issues and the suggested priorities
	High priority issue
	Low priority issue

	· Ambiguity in judging number of configured SSSGs
· SSSG timer update within and after PDCCH skipping duration 
· Monitoring in PDCCH skipping duration
· Application delay
· Interaction between BWP switching and Rel-17 power saving adaptation
· Alignment with RAN2 agreements in R1-2200884 (R2-2201960), RAN2 LS on PDCCH skipping
	· Case 5: PDCCH skipping + 3 SSSG





Observation 1: Among the solutions without RRC impact, option 2 allows UE to explicitly decide the bit number of the PDCCH monitoring adaptation bit field with the simplest implementation.



Observation 2: Although bit field size ambiguity is resolved, empty SSSG is still possible to be configured by either of the following
· Not label any search space set to the SSSG
· Configure a search space without nrofCandidates.

[image: ]
Figure 1. Example of possible configuration to realize an empty SSSG


Proposal 2: Support Option 2 to resolve the ambiguity issue in the size of PDCCH monitoring adaptation bit field.

Proposal 3: Support 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>
-	1 or 2 bits, if PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured
-     1 bit if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set associated with group index 2;
-     2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) associated with group index 2;
<Unchanged parts are omitted>




Proposal 4: Support Alt 2c. Reset SSSG timer when the UE receives PDCCH scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI.

Proposal 5: Support Alt 3a-modified. Decrease SSSG timer when the UE does not receive a scheduling DCI with PDCCH monitoring adaptation field and the UE is not indicated skipping PDCCH monitoring.

Proposal 6: Adopt the following text proposal for SSSG timer mechanism 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 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
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 7: UE skips monitoring of PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI in any CSS and USS when UE is indicated skipping PDCCH monitoring for a duration.

Proposal 8: Adopt the following text proposal for PDCCH monitoring in Section 10.1 of TS 38.213
	<Unchanged parts are omitted>

If a UE is provided 
-	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and 
-	a C-RNTI, an MCS-C-RNTI, or a CS-RNTI
the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in the one or more search space sets in a slot where the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI, or P-RNTI. If the UE is indicated skipping PDCCH monitoring for a duration as described in clause 10.4 and, the UE skips monitoring PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in the above search space set(s).

<Unchanged parts are omitted>




Proposal 9: Support Alt 1a for PDCCH skipping, UE starts to skip monitoring PDCCH at the first slot after the last OFDM symbol of the PDCCH transmission.

Proposal 10: Support Alt 1a for SSSG switching, UE switches to another SSSG after from the start of next slot of the DCI indication (same behavior as Rel-16)

Observation 3: Retransmission handling issue can be avoided by network implementation, e.g., applying lower MCS for the last TB or triggering skipping by a (dummy) UL scheduling after confirming all DL TBs are correctly decoded by UE. Although either of the above network solutions can be further optimized for reduced system overhead, such optimization can be left to Rel-18.

Proposal 11: Support Alt 0, not to introduce additional UE behavior for retransmission handling in Rel-17.

Proposal 12: 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 13: If UE changes BWP due to a BWP inactivity timer expiration, UE applies the default monitoring behavior and reset every SSSG timer based on the target BWP setting

Proposal 14: 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.

[bookmark: _Hlk95748267]<Unchanged parts are omitted>




Proposal 15: 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 the UE starts the ra-ResponseWindow or the msgB-ResponseWindow or the ra-ContentionResolutionTimer as described in [11, TS 38.321], the UE resumes PDCCH monitoring.

If a Scheduling Request is sent on PUCCH and is pending, the UE resumes PDCCH monitoring. 

<Unchanged parts are omitted>
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