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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.



The PDCCH skipping related SR sent in PUCCH is currently captured as follows [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.




     
Now, as discussed in RAN1#108e meeting for the RAN2 LS reply, skipping applies to USS and Type3-PDCCH CSS (during the Active time), thus the scenarios that would need to be accounted fall to both CBRA and CFRA procedures, and in both Type-1 and Type-2 RA procedure.  
Based on the last meeting agreement, it could be defined that skipping is not applied during the related time windows/timers, i.e. ra-ResponseWindow, msgB-ResponseWindow and ra-ContentionResolutionTimer. However, as discussed below, it could be beneficial to consider that when RACH is triggered or that when aforementioned timers are running, the PDCCH monitoring adaptation field indicating skipping is ignored.
[bookmark: _Hlk111019949]Observation: It could be considered, for simplicity and system robustness that PDCCH skipping is cancelled when RACH procedure is triggered and PDCCH monitoring adaptation field indicating skipping is ignored when ra-ResponseWindow, msgB-ResponseWindow or ra-ContentionResolutionTimer is running.
In CFRA BFR, after BFR resolution carried via C-RNTI or MCS-C-RNTI based scheduling during the recovery window UE continues to monitor PDCCH on recoverySearchSpaceId until the UE receives MAC CE configuring UE with new PDCCH beam. While MAC CE could have provided the new PDCCH beam, further action may be required, thus it would be good to ensure that UE would monitor the PDCCH in USS.

Observation: In case of BFR via CFRA, PDCCH skipping should not affect the PDCCH monitoring in recovery search space to enable completion of procedure. Also, to enable further beam management actions, UE should resume normal monitoring after BFR.

In last meeting these options were discussed and following two alternatives considered at the end of meeting but no conclusion was reached:-
	[High] P2-1b(v7)  RACH and PDCCH skipping
Down-select one of the following alternatives and captured in the TS38.213.
Alt 2:
· The skipping of PDCCH monitoring does not applied during the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running.
Alt 3(modified):
· If the UE is indicated a skipping of PDCCH monitoring, the UE terminates the skipping of PDCCH monitoring from the first slot after the last OFDM symbol of a random access preamble transmission in a RACH occasion




The concern raised by some companies for afore Alt3 was that terminating skipping could result reduction in the UE power saving opportunities. As the considered scenarios relate to the mobile originated RACH procedures, i.e. triggered by UE, and the possible causes (e.g. SR or BFR) would be either infrequent, or driven by UE request for data activity, implying UE preference for activity rather than power saving. 
In this relation, RAN2 has also agreed (and RAN1 confirmed) that skipping should not be applied during RAR/MsgB window, thus CBRA based BFR is covered until contention resolution. As discussed, to ensure completion of beam management procedures, it would be preferable that the skipping is cancelled upon transmission of RACH. 
In the case that RACH is triggered due to SR, not terminating the skipping could mean that UE upon acquiring the UL grant would resume skipping (e.g. at expiry of ra-ResponseWindow) and not monitor the possible HARQ feedback nor further scheduling in response to UL transmission (e.g. during drx-RetransmissionTimerUL), which could negatively affect the traffic KPIs and user experience. 

Thus in relation to RA procedure it would be most robust and consistent that RAN1 would agree that the skipping is terminated upon triggering the RA procure i.e. Alt 3. As discussed also in last meeting, this would ensure robust completion of related procedures and cover the contention resolution as well.
Proposal: Agree that if the UE is indicated a skipping of PDCCH monitoring, the UE terminates the skipping of PDCCH monitoring from the first slot after the last OFDM symbol of a random access preamble transmission in a RACH occasion and PDCCH monitoring adaptation field indicating skipping is ignored until ra-ResponseWindow, msgB-ResponseWindow or ra-ContentionResolutionTimer has expired. Following TP can be adopted to TS38.213 Section 10.4:
	10.4	Search space set group switching and skipping of PDCCH monitoring
[text omitted]
If the UE transmits a RACH 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 terminates PDCCH skipping for a duration and resumes PDCCH monitoring starting at the beginning of a first slot that is after the last symbol of the RACH transmission.After the last symbol of the RACH transmission, UE shall ignore the PDCCH monitoring adaptation field indicating UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell until ra-ResponseWindow, msgB-ResponseWindow or ra-ContentionResolutionTimer has expired [14, TS38.321].




Observation: If it is not acceptable to cancel skipping or ignore skipping indications upon/during RACH procedure, stopping the skipping for the duration of the timers can be considered as per following TP to TS38.213 Section 10.4: 

	10.4	Search space set group switching and skipping of PDCCH monitoring
[text omitted]
If ra-ResponseWindow, msgB-ResponseWindow or ra-ContentionResolutionTimer is running [14, TS38.321], the UE shall not apply skipping in PDCCH monitoring.





Application delay  
The application delay options together with interaction with HARQ and UL TB has been discussed in past meetings, and in last meeting agreements were reached on this:
	Working Assumption
· Upon detecting a scheduling DCI format 1-1/1-2/0-1/0-2 indicating SSSG switching (i.e., Beh 2/2A/2B),  
· the UE applies SSSG switching on an active BWP of the serving cell at a first slot that is at least Pswitch symbols after the last symbol of the PDCCH reception
· FFS: a minimum applicable scheduling offset is configured in the BWP
· Note: Pswitch is defined in Table 10.4-1 in TS38.213 
 
Agreement
· 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 
· Alt 1a: the UE applies Beh 1A on an active BWP of the serving cell at the first slot after the last OFDM symbol of the PDCCH reception 
· FFS: a minimum applicable scheduling offset is configured in the BWP
· FFS: whether the UE will monitor PDCCH when DRX Retransmission timer is running




For SSSG switching, the need to account for the minimum scheduling slot offset restriction was discussed. The argument was that to enable reduced PDCCH processing (to obtain some power saving) with minimum applicable scheduling slot offset restriction, further relaxation would be needed. Some consideration can be done assuming that the application delay of minimum scheduling slot offset restriction covers both PDCCH processing and change in configuration. When considering this, it can be seen that the value for application delay for minimum scheduling offset restriction is lower bound by Zµ. It could be considered that this is mostly set by the delay due to the configuration change. This value results always in a lower value than minimum of SSSG switching delay, Pswitch. approximately by 11 symbols. I.e. if the configuration change delay is on same level, the PDCCH processing could be reduced for the remaining. Now as neither the model nor power saving benefit of PDCCH processing reduction due to increased minimum scheduling slot offset was agreed, it is hard to quantify whether there is any non-negligible power saving benefit. It is also good to note that applied value for Pswitch is configurable via searchSpaceSwitchDelay IE (e.g. {10…52}symbols). As the SSSG application delay, Pswitch, can configured, it does not seem necessary to account the minimum scheduling slot offset in the SSSG switching delay, and if it is later seen that the benefit due to the PDCCH processing reduction is significant, the delay can be configured to be longer.
Proposal: The SSSG switching delay is not affected by minimum scheduling slot offset restriction.
Interaction with HARQ and UL scheduling
The handling of the HARQ re-transmissions has been discussed in past meeting. In addition the HARQ handling can be considered to have also a relation how the application delay is determined. It was agreed in last meeting that PDCCH skipping duration is started in the following slot upon reception of the indication:
	Agreement
· 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 
· Alt 1a: the UE applies Beh 1A on an active BWP of the serving cell at the first slot after the last OFDM symbol of the PDCCH reception 
· FFS: a minimum applicable scheduling offset is configured in the BWP
· FFS: whether the UE will monitor PDCCH when DRX Retransmission timer is running




The discussion was continued in RAN1#109e, without a conclusion. Hence, the UE behaviour was left open whether UE would monitor the PDCCH during the re-transmission timers (drx-RetransmissionTimerDL/UL). As noted for RACH due to SR in Section 2, if skipping is not terminated due to RACH, and UE does not monitor PDCCH during the UL re-transmission timer, the UL traffic KPIs and user experience may be impacted. Correspondingly if PUSCH transmission on configured grant is used while PDCCH skipping is being done, the skipping duration might overlap with drx-RetransmissionTimerUL. Also in context of BSR, monitoring PDCCH during re-transmission timer would allow network to handle also the arrival of data to new logical channel by scheduling a new UL resource. 
Proposal: If PDCCH skipping duration overlaps with drx-RetransmissionTimerDL/UL, UE should stop skipping and resume normal PDCCH monitoring for the duration of drx-RetransmissionTimerDL/UL.
It would also be good to clarify what would be the expected UE behaviour in context of possible scheduling during the configured re-transmission window. Evidently, if the DL transmission or UL transmission has been successful and no new scheduling DCI is received, it would be expected that UE can continue the PDCCH skipping for the remainder of PDCCH skipping duration after expiry of the re-transmission window timer. When a (DL/UL) scheduling DCI is detected during the re-transmission window different behaviours could be considered. When the scheduling DCI does not indicate skipping (Behv1), it could be considered that the further skipping is cancelled, and that UE should continue to monitor the PDCCH normally. Or, if indicated, carry out a SSSG change. This would allow network to stop the skipping i.e. if BSR indicates need to handle some high priority traffic. When UE would detect a scheduling DCI indicating skipping (Beh1A) during the re-transmission timer it would seem natural that UE would re-initiate the skipping. It would be simplest to assume that the skipping duration is reset in this case (to align the behaviour)
Proposal: Clarify the UE behaviour, in case of PDCCH monitoring during the drx-RetransmissionTimerDL/UL during PDCCH skipping duration, is determined by the PDCCH monitoring adaptation indication received in DCI during the re-transmission timer.

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: 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.

In context of the LS reply to RAN2 [3], RAN1 made following agreement in RAN1#108e:
	Agreement
         It is RAN1 understanding that for DRX operation, 
· As DCP is monitored only outside active time, it cannot be missed due to PDCCH skipping as skipping applies only in active time.
Note: RAN1 is discussing whether PDCCH skipping duration can apply to outside active time.




The behaviour of the skipping duration timer was further discussed in RAN1#108e and RAN1#109e but left open:- 
	[High]P9 (v4)- skipping duration
Down-select from the followings,
Alt-1
· The PDCCH skipping applies only in active time. The PDCCH skipping duration decrements by slot irrespective whether UE is in active time or not
Alt-2
· The PDCCH skipping applies only in active time. PDCCH skipping is terminated when UE goes into outside active time.




The simplest approach (Alt2 above) would be to define that skipping duration expires upon expiry of active e.g. inactivity timer (drx-InactivityTimer), aligning the PDCCH skipping and the PDCCH skipping duration behaviour. Other approach is, that while PDCCH skipping itself is not applied outside the active time as agreed earlier, the skipping duration timer would still be decremented outside the Active Time. In this case, when the skipping duration is not expired at expiry of the inactivity timer, to avoid possible ambiguity of the expiry of skipping duration between UE and network, it would be most straight forward that skipping duration timer is kept independent of the C-DRX, during/outside Active Time (rather than decrement the duration only during active time). Thus, there are two possible options for the handling for the skipping duration; either the skipping duration is expired when inactivity timer (drx-InactivityTimer) expires or the skipping duration timer is kept running and decremented independent of the C-DRX Active Time. For certain applications, such as XR, where shorter DRX periods are typically assumed, it might be considered that using the skipping to avoid PDCCH monitoring in sub-sequent onDurations might provide some benefit for the UE power saving.
Observation: For certain applications, such as XR, allowing the skipping duration timer to be extended (and decremented) independent of C-DRX active time, some additional power saving benefit could be envisioned.
Proposal: Agree either Alt-2) so that PDCCH skipping duration expires upon end of active time or Alt-1) so that PDCCH skipping duration timer is decremented independently of C-DRX Active time.

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: It could be considered, for simplicity and system robustness that PDCCH skipping is cancelled when RACH procedure is triggered and PDCCH monitoring adaptation field indicating skipping is ignored when ra-ResponseWindow, msgB-ResponseWindow or ra-ContentionResolutionTimer is running.
Observation: In case of BFR via CFRA, PDCCH skipping should not affect the PDCCH monitoring in recovery search space to enable completion of procedure. Also, to enable further beam management actions, UE should resume normal monitoring after BFR.

Proposal: Agree that if the UE is indicated a skipping of PDCCH monitoring, the UE terminates the skipping of PDCCH monitoring from the first slot after the last OFDM symbol of a random access preamble transmission in a RACH occasion and PDCCH monitoring adaptation field indicating skipping is ignored when ra-ResponseWindow, msgB-ResponseWindow or ra-ContentionResolutionTimer is running. Following TP can be adopted to TS38.213 Section 10.4:
	10.4	Search space set group switching and skipping of PDCCH monitoring
[text omitted]
If the UE transmits a RACH 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 terminates PDCCH skipping for a duration and resumes PDCCH monitoring starting at the beginning of a first slot that is after the last symbol of the RACH transmission.After the last symbol of the RACH transmission, UE shall ignore the PDCCH monitoring adaptation field indicating UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell until ra-ResponseWindow, msgB-ResponseWindow or ra-ContentionResolutionTimer has expired [14, TS38.321].




Observation: If it is not acceptable to cancel skipping or ignore skipping indications upon/during RACH procedure, stopping the skipping for the duration of the timers can be considered as per following TP to TS38.213 Section 10.4: 

	10.4	Search space set group switching and skipping of PDCCH monitoring
[text omitted]
If ra-ResponseWindow, msgB-ResponseWindow or ra-ContentionResolutionTimer is running [14, TS38.321], the UE shall not apply skipping in PDCCH monitoring.



In Section 3 we discussed the determination of the application delay for SSSG switching:-
Proposal: The SSSG switching delay is not affected by minimum scheduling slot offset restriction.

In Section 4 we discussed the interaction with HARQ and UL scheduling:-
Proposal: If PDCCH skipping duration overlaps with drx-RetransmissionTimerDL/UL, UE should stop skipping and resume normal PDCCH monitoring for the duration of drx-RetransmissionTimerDL/UL.
Proposal: Clarify the UE behaviour, in case of PDCCH monitoring during the drx-RetransmissionTimerDL/UL during PDCCH skipping duration, is determined by the PDCCH monitoring adaptation indication received in DCI during the re-transmission timer.
In Section 5 we discussed the interaction C-DRX:-
Proposal: 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.
Observation: For certain applications, such as XR, allowing the skipping duration timer to be extended (and decremented) independent of C-DRX active time, some additional power saving benefit could be envisioned.
Proposal: Agree either Alt-2) so that PDCCH skipping duration expires upon end of active time or Alt-1) so that PDCCH skipping duration timer is decremented independently of C-DRX Active time. 
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