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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: _Ref83899989]Timer based adaptation and related configuration for PDCCH monitoring
In RAN#107e meeting following was agreed:
	
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




Hence, three different approaches were considered. Alt2a the timer behaviour is bound to the presence of field for SSSG switching in DCI, regardless of the field value (change, no change). In Alt2b the timer behaviour is determined by detection of a DCI in certain search spaces, CSS or USS (belonging to the active SSSG). In third option, Alt2c, the timer behaviour is determined by the RNTIs detected.
Firstly, in the case when SSSG switch is indicated, UE should reset or stop the timer depending on the target SSSG. (I.e. if switch to SSSG#0 is indicated, timer can be stopped as no timer is configured for SSSG#0, otherwise reset.). Also when UE is not being scheduled, i.e. does not detect any DCI, the timer should be decremented. Thus we will focus to the behaviour when UE detects a DCI and no SSSG switch is indicated.
When UE detects a DCI format with the SSSG switching field (i.e. DCI 0_1/2 or 1_1/2 scrambled with C-RNTI based on current agreements) and the field does not indicate SSSG switch, it would imply that network wants the UE to stay in current SSSG. Network can choose the field value and by not indicating change, UE should be expected to stay in current SSSG. Hence timer should be reset.
Correspondingly, UE could also be scheduled with fallback DCI (e.g. DCI format 1_0 scrambled with C-RNTI) which does not carry a field for SSSG switching in the monitored search space(s). As network would have had typically a choice whether to use e.g. DCI format 1_1 instead, it could be understood that also in this case network does not intent the UE to change the SSSG. Thus, the timer should be also rest in this case. This would align the UE behaviour to the C-DRX operation where scheduling resets the inactivity timer. 

Proposal: If UE receives DCI format x_1/x_2 indicating no SSSG switch (i.e. field value corresponds to the active SSSG), or a DCI format x_0 scrambled with C-RNTI/CS-RNTI/MCS-C-RNTI, UE resets the SSSG switching timer.
[bookmark: _Hlk95407422]Observation: In case UE detects other DCIs that are not scrambled by C-RNTI or does not detect any DCI, UE should continue counting the timer.

PDCCH monitoring adaptation behaviour with MO triggers
RAN1 has had limited time to discuss the PDCCH monitoring adaptation interaction with other functionalities present in CONNECTED mode. RAN2 has also discussed aspects related to PDCCH monitoring adaptation, and send a LS to RAN1 [3] quoting 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.



   
From these agreements few observations can be made:
Observation: Based on RAN2 LS, in case of triggering SR, normal PDCCH monitoring should be resumed and PDCCH skipping stopped.
Observation: Based on RAN2 LS, in case of triggering RACH procedure, skipping should be stopped for the duration of the RACH procedure.
In relation to these agreements, RAN2 raised two questions to RAN1:
	Question 1: RAN2 would like to know whether PDCCH skipping is applied to RNTI(s) monitored during RAR/MsgB window for RAR/MsgB reception.
Question 2: RAN2 would like to know if RAN1 prefers to capture the above agreements in RAN1 specification or prefer these to be captured in MAC specification.



UE can transmit SR in PUCCH (or UCI in PUSCH) if resources are available, or if timing alignment timer has expired, via RACH procedure. In case of PUCCH based UE should monitor PDCCH scheduling the UL grant (e.g. DCI format 0_0/0_1 with scrambled with C-RNTI) and in case when RACH is triggered, UE should monitor Msg2 scheduling (scrambled with RA-RNTI). Thus, as per RAN2 agreement, if PDCCH skipping is being applied, it should be stopped and normal PDCCH monitoring applied. The procedure related to SR triggering is covered by RAN2 specification, while RAN1 specification covers the physical layer aspects e.g. UCI multiplexing. Apart from UCI reporting in PUCCH, RAN1 specification does not explicitly identify SR related behaviour. For RACH the SR related triggering is not differentiated from other causes. 
     
Observation: SR triggering is not distinguished in RACH procedure in RAN1 specification. 

For BFD, considering that when beam failure is triggered, this would imply a link failure situation at the UE side, it would be logical to ensure that efficient recovery is ensured. Optimizing the power saving in such scenarios would seem counter intuitive as UE is in CONNECTED mode for the sole purpose of connectivity. Hence, PDCCH monitoring adaptation should account the BFD.
 
Proposal: To ensure connectivity, BFD and BFR are accounted in PDCCH monitoring adaptation behaviour. 

The BFR can be done based on dedicated RACH resources (CFRA) or based on CBRA. For the CFRA beam failure recovery, UE can be provided a dedicated CORESET through a link to a search space set provided by recoverySearchSpaceId, where UE will start to monitor DCI format scrambled with C-RNTI or MCS-C-RNTI (gNB response) in a predefined time window (ra-ResponseWindow) after triggering BFR as defined in Section 6 of 38.213. In CBRA based BFR, UE will monitor RA-RNTI as defined in Section 8 of 38.213. When UE does BFR via CBRA, it will monitor the DCI scrambled by RA-RNTI, followed by TC-RNTI (at successful RACH procedure), until normal RNTI monitoring (e.g. C-RNTI etc.) is resumed. As both RA-RNTI and TC-RNTI are monitored in Type1-PDCCH, neither SSSG switching nor PDCCH skipping is applied for them. During the CBRA procedure, in Msg4 network would be able to provide changes to the radio link configuration, if needed. However, to ensure proper configuration, some additional measurements could be needed, thus to ensure that network can continue the necessary actions upon BRF, e.g. additional beam management procedures, it would be good to ensure that UE would be monitoring the PDCCH in USS. 

[bookmark: _Hlk92715026]Observation: In case of BFR via CBRA, while RA-RNTI and TC-RNTI monitoring are not affected by PDCCH monitoring adaptation, it would be good to ensure that after BFR completion UE would monitor PDCCH also in USS.

[bookmark: _Hlk95410278]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 or timer beamFailureRecoveryTimer expires. In order to ensure success of CFRA BFR the PDCCH monitoring adaptation should not be applied to PDCCH monitoring in recovery search space. Also, while MAC CE could have provided the new PDCCH beam, further action maybe required, thus it would be good to ensure that UE would monitor the PDCCH in USS.

Observation: In case of BFR via CFRA, PDCCH monitoring adaptation 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 this relation, RAN2 has also agreed that skipping should not be applied during RAR/MsgB window, thus CBRA based BFD is covered until contention resolution. RAN2 does not note the beamFailureRecoveryTimer, but as discussed this should also be accounted. As discussed above, to ensure completion of beam management procedures, it would be preferable that the skipping is cancelled upon transmission of RACH. This would also cover the SR related behaviour agreed by RAN2.

Proposal: Agree that when RACH procedure is triggered, UE should to stop the PDCCH skipping.
· This covers RACH triggering due to SR transmission and initiation of beam failure recovery.

If this is agreed, RAN1 could provide answer to RAN2 question 1:
Proposal: Answer to RAN2 question 1 as follows:
	· [bookmark: _Hlk95494882]PDCCH monitoring skipping is not applied to Type2-PDCCH CSS where DCI format with CRC scrambled with a RA-RNTI, a MsgB-RNTI, or a TC-RNTI is monitored during RAR/MsgB window.  
· RAN1 also notes that in case of CFRA based BFR, UE monitors PDCCH in recoverySearchSpaceId until the UE receives MAC CE configuring UE with new PDCCH beam or timer beamFailureRecoveryTimer expires. To ensure proper BFR handling, RAN1 agreed to stop skipping and resume normal PDCCH monitoring upon RACH triggering.



On related aspect, also the UE behaviour in BSR when PDCCH monitoring is applied, should be clarified. There are three types of BSR, regular, periodic and padding BSR. Regular BSR can be triggered by MAC when data becomes available for a logical channel, periodic BSR is sent periodically based on configuration and padding BSR is provided when sufficient space exist on UL SCH. Now BSR could trigger further UL activity, e.g. if new (higher priority) data arrives to a new logical channel. Hence, it would be possible that regular BSR (with non-zero content) triggered by new data arrival is sent in the UL resource scheduled by the same DCI that triggers the PDCCH monitoring adaptation. In this case it would be desirable that there would be method to be able to handle the UL activity. This can be solved if proper interaction with UL TB is selected so that network can schedule new UL resources.

Observation: BSR related behaviour can be addressed by proper selection of UL TB related behaviour so that network can provide a timely response to the BSR.


Application delay  
The application delay options together with interaction with HARQ and UL TB has been discussed in past meetings, without clear conclusion. Different options were gathered in [2] and reflected in draft proposal (5-1 v8) quoted in Annex A.
For PDCCH skipping, there would not seem necessary to specify any application delay. As long as UE and network have common understanding when the UE is expected to monitor PDCCH, there any time required for deactivating/activating the required PDCCH monitoring could be handled by UE implementation within the boundaries set by the skipping duration. 
Proposal: Any application delay for PDCCH skipping could be left for UE implementation to be handled within the boundaries of skipping duration.
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. Now, in principle, for cases when the UE is still monitoring PDCCH, albeit less frequently, it may not be absolutely necessary to have any special handling of HARQ, but the scheduling of the re-transmission can happen based on the periodicity determined by applied SS set(s). Like in case of Rel-15 operation, it is under network configuration how the SS set are configured, thus if network has indicated that less frequent PDCCH monitoring is allowed, UE can monitor based on the applied SS set.
Observation: For SSSG switching case, where UE still continues to monitor PDCCH, albeit at reduced rate, there may not be any need to have special handling of HARQ re-transmissions or UL TB, but scheduling can follow the applied SS set(s).
Only in the case when UE stops the PDCCH monitoring for an extended duration, e.g. via skipping duration, there can be need for special handling of the HARQ re-transmissions. 
Observation: Special handling of HARQ re-transmissions or UL TB is only needed when UE stops the PDCCH monitoring for extended time.
Therefore, it is proposed that when UE is triggered to skip PDCCH monitoring, special handling of scheduling upon a re-transmission (DL/UL) can be configured. This could be achieved in simplest way by assuming that PDCCH skipping is not applied until HARQ or UL transmissions have been successfully concluded. Alternatively, using similar configuration as in C-DRX, so that timers, similar as drx-HARQ-RTT-TimerDL/UL and drx-RetransmissionTimerDL/UL, can be provided to the UE, allowing determining time window for handling the possible scheduling of re-transmissions. To align the operation with C-DRX, it would be simplest to adopt the RTT and retransmission timer related behaviour. As noted also in context of BSR, this would allow network to handle also the arrival of data to new logical channel by scheduling a new UL resource.
Proposal: For stopping PDCCH monitoring based on PDCCH skipping, support configuring timers for defining time windows for handling the open re-transmissions inside Active time similarly as in C-DRX operation outside Active time.
It would also be good to clarify what would be the expected UE behaviour in context of possible scheduling during the configure 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 -retransmission 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 skipping during the Active time when receiving DCI with different indications during the re-transmission timer so that UE should follow the latest indication.

Interaction with C-DRX
The work item description determines that the scope of the work is in DRX Active Time, thus it would seem necessary to clarify what happens when DRX Active Time ends e.g. inactivity timer expires for the considered PDCCH monitoring mechanisms. 
Observation: Work item determines the scope to be DRX Active Time, thus interaction with inactivity timer should be defined.
RAN2 also raised a question related to C-DRX, DCP and PDCCH skipping interaction:
	RAN2 also discussed the impact of PDCCH skipping on DCP monitoring. If DCP monitoring occasions overlap with PDCCH skipping duration, UE cannot monitor DCP. To address this, RAN2 has discussed following approaches:
Approach 1: If UE can not monitor DCP due to PDCCH skipping, physical layer of UE does not report Wake-up indication bit to higher layer. Higher layer reuses the ps-Wakeup to determine whether to start the drx-onDurationTimer or not.
Approach 2: If UE can not monitor DCP due to PDCCH skipping, physical layer of UE reports a value of 1 for Wake-up indication bit to higher layer.
Approach 3: PDCCH skipping only applies in Active Time and hence DCP cannot be missed due to PDCCH skipping.
Question 3: RAN2 would like to ask RAN1 whether a) Physical layer of UE reports a value of 1 for Wake-up indication bit to higher layer or b) Physical layer of UE does not report Wake-up indication bit to higher layer, in case UE cannot monitor DCP due to PDCCH skipping; or if Approach 3 can be assumed.



In the context of PDCCH skipping there has not been lot of discussion how the skipping relates to the expiry of inactivity timer (drx-InactivityTimer), or in general the interaction with C-DRX. Based on the agreed values for skipping duration in last meeting (up to 100ms), it could be seen that the skipping duration could exceed the value of inactivity timer, and possibly extend over multiple of C-DRX cycles, short cycle or long cycle. Of course these configurations do not exist in isolation, and while some interaction can be handled with configuration, it would be good to consider the interaction with inactivity timer and DCP monitoring, especially if shorter DRX cycle is applied. The C-DRX configuration is typically set to reflect the expected traffic pattern as well account other KPIs such as mobility performance. Also the DCP (DCI format 2_6) was introduced in Rel-16, to control the onDuration monitoring and could be also used to enable UE to skip the PDCCH monitoring during onDuration. Thus from power saving perspective, PDCCH skipping duration would not need to be extended beyond expiry of inactivity timer. 
Observation: UE can already skip PDCCH monitoring during onDuration with DCP related procedures defined in Rel-16. 
It has been earlier concluded that PDCCH skipping applies to Type3-PDCCH CSS and USS, thus extending skipping duration beyond the C-DRX Active Time would imply that the UE might also skip monitoring DCP, skipping duration overlaps with DCP monitoring occasions. Based on existing behaviour in 38.213, this would result physical layer indicating value 1 for the Wake-up indication bit to higher layers, resulting that from MAC perspective UE is expected to monitor onDuration. Whether this is aligned with physical layer assumption, would depend on the possible overlap of skipping duration and onDuration. If skipping duration would overlap only with DCP monitoring and not with onDuration or overlap partially with onDuration, it would be desirable that UE would monitor the onDuration (to ensure that traffic related KPIs can be met). Hence, it would seem preferable that that physical layer would still indicate value 1 for the Wake-up indication bit to higher layers, so that PDCCH monitoring during onDuration is not skipped because of it.
Observation: If skipping duration is extended outside C-DRX Active time, and DCP monitoring is skipped, physical layer should still indicating value 1 for the Wake-up indication bit to higher layers as defined in Rel-16 to ensure that PDCCH monitoring happens as expected. 
Proposal: If skipping duration overlaps with DCP monitoring, physical layer should indicating value 1 for the Wake-up indication bit to higher layers.
Correspondingly, it would be possible that the skipping duration, if it would be allowed to continue over inactivity timer expiry, would overlap with the re-transmission window, drx-RetransmissionTimerDL/UL. In this case it would be preferable that the UE would cease skipping and resume the PDCCH monitoring for possible DL or UL re-transmission. If new packet is scheduled (either in DL or UL) during the re-transmission window, drx-HARQ-RTT-TimerDL/UL would be re-started and UE would monitor, at least, during the following re-transmission window as well.
Proposal: If skipping duration overlaps with drx-RetransmissionTimerDL/UL, UE should stop skipping and resume normal PDCCH monitoring for the duration of drx-RetransmissionTimerDL/UL.
As noted above extending PDCCH monitoring adaptation duration beyond C-DRX Active Time would be in contradiction of the scope of the work item, thus it would be simplest to assume that PDCCH skipping duration expires upon expiry of inactivity timer. Correspondingly, to align the behaviours, it could be assumed that UE falls back to default SSSG when inactivity timer expires.
Proposal: PDCCH skipping duration expires upon expiry of inactivity timer (drx-InactivityTimer). When inactivity timer expires, UE falls back to default SSSG (or to configured SSSG).
Based on above discussion it is proposed to answer to RAN2 question 3 as follows:
Proposal: Answer to RAN2 question 3 as follows:
	· RAN1 has not concluded whether skipping duration is extended beyond C-DRX Active time. However, if DCP monitoring would collide with PDCCH skipping duration, RAN1 specification defines that if UE is not required to monitor PDCCH for detection of DCI format 2_6 (as described in clauses 10, 11.1, 12, and in clause 5.7 of [11, TS 38.321]) UE reports a value of 1 for the Wake-up indication bit to higher layers for the next long DRX cycle as described in Approach 2.




Regarding the interaction with C-DRX and SSSG switching, it would also need agree what is the UE behaviour. When UE is configured to monitor DCP outside the active time, and if network sends wake-up signal to the UE, it would imply that UE is to be scheduled during On Duration and therefore frequent PDCCH monitoring is beneficial. Hence, when the UE is to monitor the On Duration (triggered with DCP) it would seem beneficial to assume that UE would monitor PDCCH frequently. If the DCP is not applied/configured, or short DRX cycle (drx-ShortCycle) is applied, the monitoring would then depend on the timer expiry. When considering this, especially short DRX cycle, there could be some benefit to allow the network to define the SSSG that UE applies at the start of the On Duration, (when not already on Active e.g. due to inactivity timer) until switch is triggered by DCI or timer expires.
Proposal: Consider support configuring of SSSG that is applied at the start of onDuration when the inactivity timer has expired.
Other UE behaviour
The agreed UE behaviour for PDCCH monitoring adaptation, aims to enable introducing UE power saving opportunities by reducing the PDCCH monitoring. UE monitoring of configured CSI-RS or SSBs for mobility or beam management related purposes is not impacted. Also UE monitoring/reception of PDSCH based on SPS  or transmission of PUSCH based on configured grant are not impacted. As discussed in context of SR, also PUCCH transmission or RACH transmission triggering should happen independent of PDCCH monitoring adaptation. This would apply also other transmissions, such as periodic SRS.
Observation: PDCCH monitoring adaptation affects only to UE’s PDCCH monitoring, and does not impact on the UE’s other DL monitoring/measurement nor UL transmission.  
In context of RAN2 LS [3], RAN2 raised a following question:
	Question 4: RAN2 would like to know whether UE should continue transmitting CSI/SRS during the PDCCH skipping duration or not? 



As noted above, PDCCH monitoring adaptation should not affect to any other behaviours, thus it is proposed the answer as follows:
Proposal: Answer to RAN2 question 4 as follows:
	· RAN1 has only agreed adaptation of PDCCH monitoring, either via SSSG switching or PDCCH skipping. UE should continue transmitting CSI/SRS during the skipping duration.




Definition of skipping durations for higher scs
In last meeting a working assumption was made for the possible skipping duration values to ensure that RAN2
	Working Assumption
· The bit length of the candidate skipping values and SSSG switching initial timer values in slots for 480kHz and 960kHz SCS are assumed to be the same as that for 120KHz SCS




In B52 for PDCCH monitoring at 480kHz and 960kHz sub-carrier spacing multi-slot (Y) monitoring operation based on slot groups(X) have been introduced, and following combinations of (X,Y) are supported:
· A UE capable of multi-slot monitoring mandatorily supports
· For SCS 480 kHz: (X,Y) = (4,1)
· For SCS 960 kHz: (X,Y) = (8,1)
· A UE capable of multi-slot monitoring optionally supports
· For SCS 480 kHz: (X,Y) = (4,2)
· For SCS 960 kHz: (X,Y) = (8,4), (4,2), (4,1)

It has also been discussed under B52 agenda that for the SSSG switching, the switch, after Pswitch would be aligned to slot group boundary for DCI based and timer based. 
When considering the PDCCH skipping for higher sub-carrier spacings, similar approach could be considered, i.e. that the skipping duration is always extend till slot group boundary. In this case the skipping duration granularity could be same as for X, and the minimum value, to enable skipping of one ‘slot group period’, would be X-Y+1 ( i.e. at the second last slot on the group, min. 2 slots). Other approach is that skipping duration is not bound by slot group thus skipping duration could end during the multi-slot monitoring of a slot group. This requires to support durations down to one slot for 960kHz. As this would result enabling ‘sub slot-group’ skipping for 960kHz, it may not have too much practical use from UE power saving perspective. Therefore it is proposed that the skipping duration would always assumed to be extended till slot group boundary.
Proposal: Skipping duration is always extended till slot group boundary.
Corresponding to this it proposed to support following skipping durations
· {2,3,4,8,12,16,…636,640,720,…,1200,1280, 1440, 1600, 1760,…,3040,3200} for 480kHz SCS
· I.e. {2,3,[4:4:636],[640:80:1200],[1280:160:3200]}
· {2,4,7,8,16,24,…1280,1440,1600,2400,2560,2880,3200,…,6080,6400 } for 960kHz SCS
· I.e. {2,4,7,[8:8:1280],[1440:160:2560],[2880:320:6400]}

Proposal: Range of skipping duration values for 480kHz and 960kHz are defined as follows:
· {2,3,4,8,12,16,…636,640,720,…,1200,1280, 1440, 1600, 1760,…,3040,3200} for 480kHz SCS
· {2,4,7,8,16,24,…1280,1440,1600,2400,2560,2880,3200,…,6080,6400 } for 960kHz SCS



Other aspects
In RAN1 #104 it was discussed that relaxing the PDCCH monitoring can be connected to the scheduling offset K0/K2. The scheduling offset can be indicated in the scheduling DCI, but in release 16 the power saving potential was further enhanced by defining the minimum scheduling offset, such that the UE in advance of the PDCCH monitoring knows whether it has to receive PDSCH in the same slot. According to the release 16 UE power model this will decrease the PDCCH-only power consumption per slot from 100 unit (same-slot scheduling) to 70 units (cross-slot scheduling).
The current work on SSSG assumes that one SSSG entails frequent PDCCH monitoring, while at least one other SSSG has less frequent PDCCH monitoring. To further enhance the power saving potential, the SSSG with frequent PDCCH monitoring could be associated with a minimum scheduling offset (K0,min/K2,min) equal to 0, such that the UE not only monitors PDCCH frequently, but also is able to quickly receive/transmit data. Likewise, the SSSG with infrequent PDCCH monitoring could be associated with a non-zero minimum scheduling offset, because data delay is not critical in this scenario, while power saving is. 
Such association could be facilitated by configuring a minimum scheduling offset per SSSG, when configuring the SSSG. Thus, the association of SSSG and minimum scheduling offset reduces the network signaling, because the network will not need to reconfigure the minimum scheduling offset each time a UE switches SSSG. As was evident from release 16 simulation assumptions and results, the use of minimum scheduling offset is advantageous compared to signaling the scheduling offset in the DCI. 
Observation: Associating a minimum scheduling offset value with a specific SSSG can reduce the signaling and enhance UE power saving and/or data delay.
Proposal: RAN1 to define a minimum scheduling offset (K0,min/K2,min) per SSSG.
Conclusion
This contribution we have presented power saving evaluations for SS set groups switching and PDCCH skipping in different scenarios. 
In Section 1 we discuss the looked the timer related behaviour and concluded as follows:
Proposal: If UE receives DCI format x_1/x_2 indicating no SSSG switch (i.e. field value corresponds to the active SSSG), or a DCI format x_0 scrambled with C-RNTI/CS-RNTI/MCS-C-RNTI, UE resets the SSSG switching timer.
Observation: In case UE detects other DCIs that are not scrambled by C-RNTI or does not detect any DCI, UE should continue counting the timer.
In Section 3 we considered other open aspects related to the PDCCH monitoring adaptation for certain MO originated behaviours, in light of the RAN2 LS [3], we observe and propose in Section 2.2:
Observation: Based on RAN2 LS, in case of triggering SR, normal PDCCH monitoring should be resumed and PDCCH skipping stopped.
Observation: Based on RAN2 LS, in case of triggering RACH procedure, skipping should be stopped for the duration of the RACH procedure.
Observation: SR triggering is not distinguished in RACH procedure in RAN1 specification. 

Proposal: To ensure connectivity, BFD and BFR are accounted in PDCCH monitoring adaptation behaviour. 

Observation: In case of BFR via CBRA, while RA-RNTI and TC-RNTI monitoring are not affected by PDCCH monitoring adaptation, it would be good to ensure that after BFR completion UE would monitor PDCCH also in USS.

Observation: In case of BFR via CFRA, PDCCH monitoring adaptation 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 when RACH procedure is triggered, UE should to stop the PDCCH skipping.
· This covers RACH triggering due to SR transmission and initiation of beam failure recovery.

Proposal: Answer to RAN2 question 1 as follows:
	· PDCCH monitoring skipping is not applied to Type2-PDCCH CSS where DCI format with CRC scrambled with a RA-RNTI, a MsgB-RNTI, or a TC-RNTI is monitored during RAR/MsgB window.  
· RAN1 also notes that in case of CFRA based BFR, UE monitors PDCCH in recoverySearchSpaceId until the UE receives MAC CE configuring UE with new PDCCH beam or timer beamFailureRecoveryTimer expires. To ensure proper BFR handling, RAN1 agreed to stop skipping and resume normal PDCCH monitoring upon RACH triggering.



Observation: BSR related behaviour can be addressed by proper selection of UL TB related behaviour.

In Section 4, for the application delay we make following proposal:-
Proposal: Any application delay for PDCCH skipping could be left for UE implementation to be handled withing the boundaries of skipping duration.
The operation in relation to HARQ feedback and pending UL transmissions is discussed in Section 5 and we observe and propose as follows:-
Observation: For SSSG switching case, where UE still continues to monitor PDCCH, albeit at reduced rate, there may not be any need to have special handling of HARQ re-transmissions or UL TB, but scheduling can follow the applied SS set(s).
Observation: Special handling of HARQ re-transmissions or UL TB is only needed when UE stops the PDCCH monitoring for extended time.
Proposal: For stopping PDCCH monitoring based on PDCCH skipping, support configuring timers for defining time windows for handling the open re-transmissions similarly as in C-DRX operation.
Proposal: Clarify the UE behaviour in case of PDCCH skipping during the Active time when receiving DCI with different indications during the re-transmission timer so that UE should follow the latest indication.
To conclude the interaction with C-DRX operation in Section 6 we make following observations and proposals:-
Observation: Work item determines the scope to be DRX Active Time, thus interaction with inactivity timer should be defined.
Observation: UE can already skip PDCCH monitoring during onDuration with DCP related procedures defined in Rel-16. 
Observation: If skipping duration is extended outside C-DRX Active time, and DCP monitoring is skipped, physical layer should still indicating value 1 for the Wake-up indication bit to higher layers as defined in Rel-16 to ensure that PDCCH monitoring happens as expected. 
Proposal: If skipping duration overlaps with DCP monitoring, physical layer should indicating value 1 for the Wake-up indication bit to higher layers.
Proposal: If skipping duration overlaps with drx-RetransmissionTimerDL/UL, UE should stop skipping and resume normal PDCCH monitoring for the duration of drx-RetransmissionTimerDL/UL.

Proposal: PDCCH skipping duration expires upon expiry of inactivity timer (drx-InactivityTimer). When inactivity timer expires, UE falls back to default SSSG (or to configured SSSG).
Proposal: Answer to RAN2 question 3 as follows:
	· RAN1 has not concluded whether skipping duration is extended beyond C-DRX Active time. However, if DCP monitoring would collide with PDCCH skipping duration, RAN1 specification defines that if UE is not required to monitor PDCCH for detection of DCI format 2_6 (as described in clauses 10, 11.1, 12, and in clause 5.7 of [11, TS 38.321]) UE reports a value of 1 for the Wake-up indication bit to higher layers for the next long DRX cycle as described in Approach 2.




Proposal: Consider support configuring of SSSG that is applied at the start of onDuration when the inactivity timer has expired.
In Section 7, aspects on other UE behaviour are discussed with following observation and proposal:-
Observation: PDCCH monitoring adaptation affects only to UE PDCCH monitoring, and does not impact on other UE DL monitoring nor UL transmission.  
Proposal: Answer to RAN2 question 4 as follows:
	· RAN1 has only agreed adaptation of PDCCH monitoring, either via SSSG switching or PDCCH skipping. UE should continue transmitting CSI/SRS during the skipping duration.



In Section 8 we propose definition of the durations for the higher scs, 480kHz and 960kHz:
Proposal: Skipping duration is always extended till slot group boundary.
Proposal: Range of skipping duration values for 480kHz and 960kHz are defined as follows:
· {2,3,4,8,12,16,…636,640,720,…,1200,1280, 1440, 1600, 1760,…,3040,3200} for 480kHz SCS
· {2,4,7,8,16,24,…1280,1440,1600,2400,2560,2880,3200,…,6080,6400 } for 960kHz SCS

Finally in Section 9 we discuss the inter-working with minimum cross-slot scheduling offset and observe and propose as follows:
Observation: Associating a minimum scheduling offset value with a specific SSSG can reduce the signaling and enhance UE power saving and/or data delay.
Proposal: RAN1 to define a minimum scheduling offset (K0,min/K2,min) per SSSG.
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Annex A
Discussed proposal from RAN1#107e FL summary [2]
[High] Proposal 5-1 (v8)
	Down-select from the following alternatives for application delay of PDCCH monitoring adaptation indication in RAN1#107bis-E.
Note: the application delay cases are described as follows,
· Case 1: Upon detecting a scheduling DCI format 1-1/1-2 indicating PDCCH skipping (i.e., Beh 1A), 
· Case 2: Upon detecting a scheduling DCI format 0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A), 
· Case 3: Upon detecting a scheduling DCI format 1-1/1-2 indicating SSSG switching (i.e., Beh 2/2A/2B), 
· Case 4: Upon detecting a scheduling DCI format 0-1/0-2 indicating SSSG switching (i.e., Beh 2/2A/2B), 
· Case 5: Upon SSSG timer exipry,
For PDCCH skipping,
Alt 1 (no interaction with retransmission):
· Case 1 and 2: Upon detecting a scheduling DCI format 1-1/1-2/0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A), 
· Alt 1a: the UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
· Alt 1b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
Alt 2 (has interaction with retransmission and applied after HARQ-ACK transmission):
· Case 1: Upon detecting a scheduling DCI format 1-1/1-2 indicating PDCCH skipping (i.e., Beh 1A), 
· the UE applies Beh 1A next slot 1 slot after the last OFDM symbol of ACK transmission, otherwise the indication is not applied.
· FFS: Whether UE has to monitor PDCCH from the next slot after the last OFDM symbol of the PDCCH transmission to ACK can leave for network configuration.
· Case 2: Upon detecting a scheduling DCI format 0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A),
· Alt 2a: the UE applies Beh 1A on the serving cell after the last OFDM symbol of PUSCH transmission
· Alt 2b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
· Alt 2c: the UE applies Beh 1A on the serving cell at the Yth slot after the last OFDM symbol of the PDCCH transmission.
· Y is configured by RRC, 
· If Y is not configured, the default value is 1.
· FFS values of Y
· FFS values of Y
Alt 3 (has interaction with retransmission and can be applied before HARQ-ACK transmission):
· Case 1: Upon detecting a scheduling DCI format 1-1/1-2 indicating PDCCH skipping (i.e., Beh 1A), 
· Alt 3a and 3c: the UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
· 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.
· Alt 3b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
· 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.
· Alt 3d: the UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
· DL HARQ retransmission during the skipping duration is handled by RTT/ReTx timers
· Alt 3e: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
· DL HARQ retransmission during the skipping duration is handled by RTT/ReTx timers
· Case 2: Upon detecting a scheduling DCI format 0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A), 
· Alt 3a: the UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
· Alt 3b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
· Alt 3c: the UE applies the indication on the serving cell at the Yth slot after the last OFDM symbol of the PDCCH transmission.
· Y is configured by RRC, 
· If Yis not configured, the default value is 1.
· FFS values of Y
· FFS values of Y
· Alt 3d: the UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
· UL HARQ retransmission during the skipping duration is handled by RTT/ReTx timers
· Alt 3e: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
· UL HARQ retransmission during the skipping duration is handled by RTT/ReTx timers

For SSSG switching,
Alt 1 (no interaction with retransmission):
· Case 3 and 4: Upon detecting a scheduling DCI format 1-1/1-2/0-1/0-2 indicating SSSG switching (i.e., Beh 2/2A/2B), 
· 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
· FFS application delay when cross-slot scheduling adaptation are jointly configured
· Alt 1b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
· Alt 1c: the UE applies SSSG switching on the serving cell [TBD: Application delay] after the last OFDM symbol of HARQ-ACK transmission
· Case 5: 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 
Alt 2 (has interaction with retransmission and applied after HARQ-ACK transmission):
· Case 3: Upon detecting a scheduling DCI format 1-1/1-2 indicating SSSG switching(i.e., Beh 2/2A/2B), 
· the UE applies the indication [TBD: application delay] 1 slot after the last OFDM symbol of ACK transmission, otherwise the indication is not applied.
· FFS: Whether UE has to monitor PDCCH from the next slot after the last OFDM symbol of the PDCCH transmission to ACK can leave for network configuration.
· Case 4: Upon detecting a scheduling DCI format 0-1/0-2 indicating or SSSG switching(i.e., Beh 2/2A/2B),
· Alt 2a: the UE applies the indication on the serving cell [TBD: application delay] after the last OFDM symbol of PUSCH transmission
· Alt 2b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
· Alt 2c: the UE applies the indication on the serving cell [TBD: application delay] from the end of the Wth slot after the last OFDM symbol of the PDCCH transmission.
· W is configured by RRC, 
· If W is not configured, the default value is 1.
· FFS values of W
· Case 5: 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 
 Alt 3 (has interaction with retransmission and can be applied before HARQ-ACK transmission):
· Case 3: Upon detecting a scheduling DCI format 1-1/1-2 indicating SSSG switching (i.e., Beh 2/2A/2B), 
· 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
· FFS the application delay is same or different if minimum scheduling offset restriction is configured 
· If the UE fails to decode the associated PDSCH and/or transmit a NACK, UE performs [Beh 2/2A/2B] (i.e., the SSSG switching is stopped) [TBD: application delay]  at the first slot after the last OFDM symbol of the NACK transmission.
· Case 4: Upon detecting a scheduling DCI format 0-1/0-2 indicating SSSG switching (i.e., Beh 2/2A/2B), 
· Alt 3a: the UE applies the indication on the serving cell [TBD: application delay] after the last OFDM symbol of PUSCH transmission
·  Alt 3b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
· Alt 3c: the UE applies the indication on the serving cell [TBD: application delay] from the end of  the Wth slot after the last OFDM symbol of the PDCCH transmission.
· W is configured by RRC, 
· If W is not configured, the default value is 1.
· FFS values of W
· Case 5: 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 





