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Introduction
[bookmark: _Hlk510705081]The release 17 work item on UE power saving enhancements [1] includes the following objective:2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.


In this contribution we discuss on the PDCCH monitoring adaptation design.

[bookmark: _Ref106199889]PDCCH monitoring adaptation behaviour with MO triggers
In RAN1#108e RAN1 discussed the RAN2 LS[2] and provided a reply in [3].
The RAN2 LS send to RAN1 quoted the related agreements:
	Following agreements were made in RAN2#116bis-e:
1. UE ignores PDCCH skipping while the SR is pending.

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

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



   
In context of these, RAN1 made following agreement in RAN1#108e:
	Agreement
Answer 2 for R1-2200884 (R2-2201960):
RAN1 would discuss and conclude how to capture the above RAN2 agreements in RAN1 specification.
o    It is RAN1 understanding  PDCCH skipping  is not applied to perform PDCCH monitoring during RAR window/MsgB window/contention resolution timer or when SR is pending.
·  FFS: If the UE is indicated skipping PDCCH monitoring for a duration and at the first slot after the last OFDM symbol of a positive SR transmission in PUCCH, the UE can stops PDCCH skipping and monitor PDCCH for UL grant (i.e., PDCCH skipping is not activated ).



As noted, it was left for further discussion how to capture the intended behaviour to specification.
Furthermore, in context of same functionality, in RAN2#117e, RAN2 made following clarifications to earlier agreements:
	
RAN2 clarifications to earlier RAN2 decisions:
P1: UE ignores PDCCH skipping on all serving cells of the corresponding CG while SR is pending (FFS if “all” can be further restricted). 
P2: If PDCCH skipping is applied to RNTI(s) monitored during RAR/MsgB window, UE ignores PDCCH skipping on SpCell.
P3: UE ignores PDCCH skipping on SpCell while contention resolution timer is running.


This is reflected in TS38.300 as follows:
	UE power saving may also be achieved through PDCCH monitoring adaptation mechanisms when configured by the network, including skipping of PDCCH monitoring and Search space set group (SSSG) switching. In this case UE does not monitor PDCCH during the PDCCH skipping duration or monitors PDCCH according to the search space sets applied in SSSG. However, in the following cases, UE ignores PDCCH skipping:
-	on all serving cells of the corresponding Cell Group when SR is sent and is pending;
-	on SpCell while contention resolution timer is running;
-	on SpCell during monitoring of the RAR/MsgB window.



The PDCCH skipping related SR sent in PUCCH is currently captured in TS38.213 as follows (based on [4]):-

	When the PDCCH monitoring adaptation field indicates to a UE to skip PDCCH monitoring for a duration on the active DL BWP of a serving cell, the UE starts skipping of PDCCH monitoring at the beginning of a first slot that is after the last symbol of the PDCCH reception providing the DCI format with the PDCCH monitoring adaptation field. If the UE transmits a PUCCH providing a positive SR after the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell, the UE resumes PDCCH monitoring starting at the beginning of a first slot that is after the last symbol of the PUCCH transmission.





In RAN1#110 following agreement was made for the RACH based operation (and implemented in CR [5]):
	Agreement
Adopt the following TP for capturing RAN1 and RAN2 agreements related to PDCCH skipping and RACH procedure.

	TP to Clause 10.4, TS 38.213
<Unchanged part omitted>

When the PDCCH monitoring adaptation field indicates to a UE to skip PDCCH monitoring for a duration on the active DL BWP of a serving cell, the UE starts skipping of PDCCH monitoring at the beginning of a first slot that is after the last symbol of the PDCCH reception providing the DCI format with the PDCCH monitoring adaptation field. If the UE transmits a PUCCH providing a positive SR after the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell, the UE resumes PDCCH monitoring starting at the beginning of a first slot that is after a last symbol of the PUCCH transmission. During the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running, the UE shall not skip PDCCH monitoring on SpCell.

<Unchanged part omitted>






     
As shown by above agreements, in RAN2 the SR would result ignoring skipping in all serving cells. RAN1 specification however in context of SR, either in PUCCH or RACH, refers only to PDCCH monitoring in SpCell. Evidently RAN1 specification would need to be aligned with the RAN2 agreement/specification and clarify that the PDCCH should be monitored in all serving cells 
Observation 1: RAN1 specification is not aligned with RAN2 specification in respect of PDCCH skipping behaviour in all serving cells when SR is pending.
Proposal 1: Adopt following TP to TS38.213 Section 10.4:
	TP to Clause 10.4, TS 38.213
<Unchanged part omitted>
When the PDCCH monitoring adaptation field indicates to a UE to skip PDCCH monitoring for a duration on the active DL BWP of a serving cell, the UE starts skipping of PDCCH monitoring at the beginning of a first slot that is after the last symbol of the PDCCH reception providing the DCI format with the PDCCH monitoring adaptation field. If the UE transmits a PUCCH providing a positive SR after the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell, the UE resumes PDCCH monitoring starting at the beginning of a first slot that is after a last symbol of the PUCCH transmission in all serving cells of the corresponding Cell Group. During the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running, the UE shall not skip PDCCH monitoring on SpCell. If UE transmits a RACH due to positive SR, the UE shall not skip PDCCH monitoring on any serving cell of the corresponding Cell Group during the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running.  If the DRX group of the serving cell is configured and enters outside Active Time, the UE terminates PDCCH skipping for the serving cell. 
<Unchanged part omitted>



The corresponding draft CR is in [6]. 



PDCCH monitoring adaptation with BWP switching  
The interaction with PDCCH monitoring adaptation and BWP switching was further discussed in RAN1#110. In relation to timer based BWP switch and SSSG switching following agreement was made (and reflected in CR [5]:
	Agreement
1. Include the following correction to Clause 10.4 of TS 38.213 for UE behavior after expiration of bwp-InactivityTimer in a PDCCH skipping duration:

	*** Unchanged text is omitted ***
If the UE changes to a new active DL BWP of the serving cell by the expiration of bwp-InactivityTimer in a PDCCH skipping duration, the UE 
-  resumes PDCCH monitoring according to the search space sets on the new active BWP of the serving cell, if the UE is not provided searchSpaceGroupIdList-r17 on the new active DL BWP
-  otherwise, monitors PDCCH according to search space sets with group index 0 on the new active BWP of the serving cell.
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 an active DL BWP of 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 if 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
-	otherwise, decrements the timer value by one after a slot of the active DL BWP of the serving cell
*** Unchanged text is omitted ***




Agreement
Corrections on UE power saving enhancements for NR in TS 38.211, TS38.212, TS38.213 are agreed. Final CRs in R1-2208276, R1-2208277, R1-2208278




It was discussed in last meeting what is the UE behaviour in case of DCI triggered BWP switch when PDCCH monitoring adaptation indication has arrived in the same DCI. In general the current specification determines that the PDCCH monitoring adaptation is applied based on the configuration on the active DL BWP. 
For the case when the same DCI triggers both, BWP switch and PDCCH monitoring adaptation, there would be two possible approaches as discussed; either UE applies the behaviour on target BWP (based on target BWP configuration) or UE ignores the PDCCH monitoring adaptation indication and falls back to the default operation in the target BWP. Following the timer-based BWP switch behaviour agreed in last meeting, and the afore envisioned behaviour when BWP switch is triggered when the searchSpaceSwitchTimer-r17 is running it would seem most aligned way to determine simply so that after BWP switch, UE falls back to default behaviour. 
Observation 2: When PDCCH monitoring adaptation is triggered in same DCI as BWP switch, it would seem simplest to ignore the PDCCH monitoring adaptation indication, and fall back to default operation on target BWP.
Proposal 2: After BWP switch, UE falls back to default PDCCH monitoring of the target BWP.
If afore proposal is agreed, following TP could be adopted to 38.213.
[bookmark: _Hlk115346512]Proposal 3: Adopt following TP to TS38.213 Section 10.4:
	TP to Clause 10.4, TS 38.213
<Unchanged part omitted>
If the UE changes to a new active DL BWP of the serving cell by the expiration of bwp-InactivityTimer or when DCI indicates change of active DL BWP change when PDCCH monitoring adaptation is appliedin a PDCCH skipping duration, the UE 
-	resumes PDCCH monitoring according to the search space sets on the new active BWP of the serving cell, if the UE is not provided searchSpaceGroupIdList-r17 on the new active DL BWP
-	otherwise, monitors PDCCH according to search space sets with group index 0 on the new active BWP of the serving cell.

<Unchanged part omitted>



Corresponding draft CR can be found in [7].
Interaction with C-DRX
 The work item description determines that the scope of the work is in DRX Active Time, thus it would be good to confirm this and account this in specification work. 
Proposal 4: As the work item determines the scope to be DRX Active Time, it should be confirmed that Rel-17 PDCCH monitoring adaptation is configured only together with C-DRX.


Conclusion
This contribution we have presented power saving evaluations for SS set groups switching and PDCCH skipping in different scenarios. 
In section 2 we discussed the PDCCH monitoring adaptation with MO triggers:-
Observation 1: RAN1 specification is not aligned with RAN2 specification in respect of PDCCH skipping behaviour in all serving cells when SR is pending.
Proposal 1: Adopt following TP to TS38.213 Section 10.4:
	TP to Clause 10.4, TS 38.213
<Unchanged part omitted>
When the PDCCH monitoring adaptation field indicates to a UE to skip PDCCH monitoring for a duration on the active DL BWP of a serving cell, the UE starts skipping of PDCCH monitoring at the beginning of a first slot that is after the last symbol of the PDCCH reception providing the DCI format with the PDCCH monitoring adaptation field. If the UE transmits a PUCCH providing a positive SR after the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell, the UE resumes PDCCH monitoring starting at the beginning of a first slot that is after a last symbol of the PUCCH transmission in all serving cells of the corresponding Cell Group. During the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running, the UE shall not skip PDCCH monitoring on SpCell. If UE transmits a RACH due to positive SR, the UE shall not skip PDCCH monitoring on any serving cell of the corresponding Cell Group during the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running.  If the DRX group of the serving cell is configured and enters outside Active Time, the UE terminates PDCCH skipping for the serving cell. 
<Unchanged part omitted>




In Section 3 we discussed the interaction with BWP switching and PDCCH monitoring adaptation:-
Observation 2: When PDCCH monitoring adaptation is triggered in same DCI as BWP switch, it would seem simplest to ignore the PDCCH monitoring adaptation indication, and fall back to default operation on target BWP.
Proposal 2: After BWP switch, UE falls back to default PDCCH monitoring of the target BWP.
Proposal 3: Adopt following TP to TS38.213 Section 10.4:
	TP to Clause 10.4, TS 38.213
<Unchanged part omitted>
If the UE changes to a new active DL BWP of the serving cell by the expiration of bwp-InactivityTimer or when DCI indicates change of active DL BWP change when PDCCH monitoring adaptation is appliedin a PDCCH skipping duration, the UE 
-	resumes PDCCH monitoring according to the search space sets on the new active BWP of the serving cell, if the UE is not provided searchSpaceGroupIdList-r17 on the new active DL BWP
-	otherwise, monitors PDCCH according to search space sets with group index 0 on the new active BWP of the serving cell.

<Unchanged part omitted>



In Section 4 we discussed the interaction C-DRX:-
Proposal 4: As the work item determines the scope to be DRX Active Time, it should be confirmed that Rel-17 PDCCH monitoring adaptation is configured only together with C-DRX.
Draft CRs corresponding to the afore TPs can be found in [6] and [7].
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