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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.
Design of PDCCH monitoring adaptation
In RAN1#105e following agreement were made:
	Agreement:
· PDCCH schedules data and also indicates PDCCH monitoring adaptation by SSSG switching and PDCCH skipping for a duration is supported.
· At least DCI format(s) 1-1, 0-1, 1-2 and 0-2 can be used for the indication(s)
Agreement:
At least SSSG#0 and SSSG#1 switching is supported for Rel-17 SSSG switching indicated by PDCCH scheduling data and/or timer.
· FFS: support of more than 2 SSSGs




In RAN1#106e it was further discussed and following package agreement was made:
	Package 1
       UE behavior after receiving PDCCH indication of monitoring adaptation can be one of the followings,
· Working Assumption: Beh 1: PDCCH skipping is not activated
· Beh 1A: PDCCH skipping means stopping PDCCH monitoring for a duration X
· FFS the possible values for X
· FFS: Whether and how to support more than one skipping duration(s)
· FFS: whether to continue monitoring PDCCH scrambled by C-RNTI for Type 0/1/1A/2 CSS or not
· Beh 2: stop monitoring SS sets associated with SSSG#1 and SSSG#2 (if confirmed) and monitoring  of SS sets associated to SSSG#0 (legacy behaviour)
· Beh 2A: stop monitoring SS sets associated with SSSG#0 and SSSG#2 (if confirmed)  and monitoring  of SS sets associated to SSSG#1 (legacy behaviour)
· Working Assumption: Beh 2B(if confirmed): stop monitoring SS sets associated with SSSG#0 and SSSG#1 and monitoring  of SS sets associated to SSSG#2 (if confirmed)
       Note: The number of supported SSSG is left to UE feature discussion.
       FFS: UE capability of supported UE behaviors
       Indication of Beh 1A when SSSG(s) are not configured is supported.
       Working assumption: Indication of  Beh 1A for current SSSG when two SSSG(s) are configured is supported
       FFS: Indication of  Beh 1A when three SSSG(s) (if supported) are configured
       Y bits is configured for scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) indicating PDCCH schedules data and also PDCCH monitoring adaptation
· FFS how the UE behavior(s) defined above mapping to Y bits
  Note: at most Y = 2
       Working Assumption at most 3 SSSGs is supported to be configured.
· FFS: whether or how SSSG can be configured to be monitored conditionally (e.g., depending on HARQ NACK or RTT/ReTx timers)
· FFS: whether or how non-default SSSG to another non-default SSSG
       FFS details of timer(s) for switching between SSSG(s)
· UE fallbacks to default SSSG (i.e., SSSG#0) after timer expiration.
· R16 timer for SSSG switching and the corresponding behavior is as baseline
       FFS whether the timer(s) is configured per SSSG, or per BWP or other approaches.
       FFS whether the skipping duration(s) is configured per SSSG, per BWP, or other approaches.
       FFS PDCCH monitoring adaptation indicated by non-scheduling DCI
       PDCCH based monitoring adaptation is limitedapplied to USS and type-3 CSS.




In following sections we discuss the aspects related to DCI format design, timer based adaptation and general configuration and behavioral aspects like CSS monitoring, interaction with C-DRX etc.
[bookmark: _Ref83903010]DCI format design
For DCI design for PDCCH monitoring adaptation following agreement was also made in RAN#106bis-e:
	Agreement
-         If the UE monitors PDCCH according to SSSG#1 and the timer expires, the UE starts monitoring PDCCH according to Beh 2.
-         If the UE monitors PDCCH according to SSSG#2 and the timer expires,
o    Alt 1: the UE monitoring PDCCH according to Beh 2
o    Other alternatives are not precluded
-         Timer can be optionally configured.

Agreement
The bit mapping of DCI indication PDCCH monitoring adaptation is as follows,
· For Case 1 (i.e., PDCCH skipping), the following is supported
· 1-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if M=1
· ‘0’ is Beh 1 and ‘1’ is Beh 1A
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if M=2 or 3
· ‘00’ is Beh 1
· ‘01’ is Beh 1A with skipping duration 1
· ‘10’ is Beh 1A with skipping duration 2
· ‘11’ is Beh 1A with skipping duration 3 if M=3, reserved if M=2
· For Case 2  (i.e., 2 SSSG switching) , the following is supported
· 1-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘0’ is Beh 2 and ‘1’ is Beh 2A
· For Case 3 (i.e., 3 SSSG switching) , the following is supported
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· [‘11’ is reserved]
· For Case 4 (i.e., 2 SSSG switching with PDCCH skipping) , the following is supported
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors, 
· FFS details bit mapping
· FFS: For Case 5 (i.e., 3 SSSG switching and skipping)
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· ‘11’ is Beh 1A
· FFS Timer behavior when Beh 1A is indicated
· Note: The UE can be configured to be indicated by DCI a value of X slots (i.e., skipping duration) among M RRC configured values by scheduling DCIs indicating PDCCH schedules data
· FFS whether to restrict Skipping duration to be shorter than SSSG initial timer value
· FFS whether the configuration is same or different for DCI format x_1 and DCI format x_2




In the context of the bit mapping in the DCI field, it was not concluded how the configuration with 2 SSSGs and skipping durations are configured together, i.e. Case 4. Also the option of supporting 3 SSSGS with one skipping duration, i.e. Case 5 was left as FFS. 
Considering first the Case 5, the mapping described in FFS, follows the mapping in Case 3, hence it would seem rather natural to consider the same mapping approach. Also all the necessary technical elements are common to other cases (i.e. Case 3 and Case 4), there would not be any added design effort to support this option, noting in addition that separate UE capabilities are being considered. Hence, it is proposed to confirm the mapping for 3 SSSG switching and skipping based on the FFS:
Proposal: Determine the 3 SSSG switching and skipping as follows:
For Case 5 (i.e., 3 SSSG switching and skipping)
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· ‘11’ is Beh 1A
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[bookmark: _Ref86948881]Figure 1. Illustration of DCI based PDCCH monitoring adaptation with return to default SSSG at PDCCH skipping duration expiry.

Based on the last meeting agreements, self-scheduling DCI formats 1-1/0-1/1-2 and 0-2 shall support configuration of PDCCH monitoring adaptation with 2 bit indication. So far not much progress has been made for the support of the non-scheduling DCI format. In Rel-16 the DCI format 2_0 can contain a field to indicate SSSG switch. Hence, to minimize the additional work, it is proposed to adopt a similar option also for Rel-17 SSSG switching, so that DCI format 2_0 can contain a field also for Rel-17 SSSG switching.
Proposal: Support configuration of higher layer parameter searchSpaceSwitchTrigger-r17 to DCI format 2_0 is configured so that DCI format 2_0 can be used to indicate the SSSG to be monitored.
Also, for an alternative non-scheduling DCI, supporting DCI format 1_1 in a similar manner as it can be used for Scell Dormancy indication in Rel-16, can be considered if a design can be agreed.
Observation: Consider supporting additional non-scheduling DCI via DCI format 1_1 for PDCCH monitoring adaptation.
[bookmark: _Ref83899989]Timer based adaptation and related configuration for PDCCH monitoring

For PDCCH monitoring adaptation based on timers, different behaviours can be considered. For skipping the PDCCH monitoring for a duration, as discussed in last meeting, the one open question is what UE does when the timer is expired and SSSGs have been configured. It was agreed in last meeting that for SSSG#1, the UE shall return to default SSSG, e.g. SSSG#0, and in case of SSSG#2 this is at least supported. It was left open whether for SSSG#2 an option of switching to SSSG#1 upon timer expiry should be supported. In our previous paper we presented an option to imitate the C-DRX like behaviour with timer based SSSG switching, where, as timer passes, UE would, based on timer expiry, be able to move to ‘lower’ PDCCH monitoring state. I.e. the timer expiry would trigger a transition to a ‘next’ SSSG. Other considered option was to trigger always change to a default SSSG, e.g. SSSG#0, as illustrated in Figure 2 (b). Evidently, both behaviours could be supported with additional configurability by assuming that the target SSSG for a SSSG#2 timer could be selected to be either SSSG#0 or #1. Also, as the network can, by configuration, determine which SSSG has more frequent PDCCH monitoring, these options could in principle achieve similar behaviour as well. Hence, as discussed for skipping PDCCH monitoring, to simplify the configurations and align the behaviour, it might be preferable to define the target SSSG to be default SSSG, i.e. SSSG#0.
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[bookmark: _Ref83891642]Figure 2. Illustration of the behaviour options for SSSG timer expiry

For the timer configuration for SSSG switching different alternatives were listed in agreement made in RAN1#106bis-e (quoted below), to be selected from. Alt 1 proposes that SSSG#1 and SSSG#2 can have different timer value but does not take any side whether the timer duration is per cell or per BWP. Alt 2 and Alt 3 assume common timer for all SSSGs and differentiate whether the timer is configured per cell or per BWP. 
	Agreement
Select one of the alternatives from the following:
-         Alt 1: Separate RRC configuration for timer value(s) is supported for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 respectively.
-         Alt 2: the timer value(s) for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per cell.
-         Alt 3: the timer value(s) for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per BWP



For Alt2 (per Cell) and Alt3 (per BWP), as expressed in last meeting, having different BWP to accommodate different levels of traffic activity could be considered as a baseline. Thus, having different timer values per BWP would seem justified. Therefore, it is proposed that the timer value can be configured per BWP. Also, whether the skipping durations are BWP or SSSG specific, were discussed in last meeting. The aspect raised was to cover two different traffic patterns. As the skipping of PDCCH monitoring prevents any corrective actions via DCI, it is expected that the applied timer duration is upper bound by the acceptable latency and other traffic KPIs. These values would not be dependent on the active SSSG that is applied when skipping is triggered, thus there would not appear to be needed to have different values for the duration of the PDCCH skipping per SSSG. With the assumption that two skipping durations are supported (as discussed further below) also different levels of skipping would be achieved. Also, as the PDCCH skipping duration configuration needs to support the case when SSSG switching is not configured, having different configurations options for these cases does not seem justified. Hence, it would seem appropriate to consider the configurations for skipping of PDCCH monitoring and SSSG switching to be fully BWP based. 
Observation: Configuration for the duration for the skipping PDCCH monitoring is affected by the allowed traffic latency and other traffic KPIs, which are not dependent on the SSSG.
Proposal: Configurations for PDCCH skipping durations and SSSG switching timers can be done in BWP specific manner.
The number of supported PDCCH skipping durations was also discussed in last meeting and it was left open whether 2 or 3 durations can be supported, e.g. whether M=2 or 3. With M=2, three different behaviours can be achieved, i.e. normal monitoring based on (active) SS set configuration, skipping PDCCH monitoring for duration 1 and skipping PDCCH monitoring for duration 2. Based on the considered use cases and scenarios, this would seem sufficiently flexible to accommodate different traffic conditions. With the assumption that these durations could be configured per BWP, there would be also option to further adaptation of the configuration for the overall traffic pattern.
Proposal: Support configuring up to two PDCCH skipping durations, i.e. M=2.

In last 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_x/1_x 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 network schedules the UE with a DCI format scrambled dedicated RNTI (e.g. C-RNTI), UE should reset the timer.
If non-scheduling DCI, such as DCI format 2_0, is supported for the SSSG switching indication, similar interpretation of the timer behaviour could be done. I.e. if non-scheduling DCI indicates for the UE to stay in the current active SSSG (#1 or #2), the timer could be reset.
Proposal: If UE receives scheduling or non-scheduling DCI indicating no SSSG switch (i.e. field value corresponds to the active SSSG#1 or #2), 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.

[bookmark: _Ref83903225]Other configuration and behaviour 

PDCCH monitoring adaptation behaviour with MO triggers
As discussed in context of minimum scheduling offset restriction in Rel-16, initiating certain procedures, transmitting RACH or SR, could also trigger implicit switch from one SS set group to another or re-initiating the PDCCH monitoring (i.e. stopping the PDCCH monitoring reduction). When UE transmits SR, it implies that there is a need for data activity, hence more frequent PDCCH monitoring to support higher scheduling activity would seem justified. Likewise, if BSR could be considered to trigger SSSG switch. Also, if UE transmit RACH e.g. due to BFD, monitoring the response and as well scheduling the new configuration should proceed without delay, hence more frequent PDCCH monitoring should be applied in this case. It could be further also considered how the SSSG switching would be reflected in uplink activity in general. In following we further discuss these functionalities and consider how they should be accounted in PDCCH monitoring adaptation.
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 (or PUSCH based) UE should monitor PDCCH scheduling the UL grant (e.g. DCI format 0_0/0_1). Hence, upon triggering SR, UE should monitor the PDCCH. Hence, if PDCCH skipping is being applied, it should be stopped and normal PDCCH monitoring applied. In case of PDCCH monitoring based on SSSG, two different cases could be considered. Firstly, the PDCCH monitoring density could be higher in default SSSG (SSSG#0) than in other SSSGs thus it would make sense to fall back to default SSSG upon triggering SR. However, it would be possible to have configuration where e.g. the SSSG#1 would have higher monitoring density, thus falling to default SSSG would not be directly beneficial. Hence it is not evident if SSSG switching should be applied, or whether UE should continue monitoring on the existing SSSG. Both approaches can be argued or even supported, and different decision metrics could be envisioned to select among these, but due to time limit for the discussion it might be best to consider only one approach for merit of simplicity.

Proposal: In case of triggering SR, normal PDCCH monitoring should be resumed and PDCCH skipping stopped. For SSSG switching, it should be agreed whether upon SR triggering, UE stays on active SSSG or whether UE falls back to default SSSG (SSSG#0).  


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

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 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 successful BFR UE would monitor PDCCH also in USS.

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. 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.


Proposal: Upon detection of beam failure or initiation of beam failure recovery, should result the UE to stop PDCCH monitoring adaptation and resume normal PDCCH monitoring (i.e. stop PDCCH skipping and/or change to default SSSG). For SSSG switching the preferred SSSG to be monitored could be configured.


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.
In context of PDCCH monitoring adaptation via SSSG switching, it would seem most straight forward to use the application delay timelines introduced in Rel-16 for 15kHz, 30kHz and 60kHz sub-carrier spacing. In Rel-17, discussion related to beyond 52GHz, the values for Pswitch with UE processing capability 1 to sub-carrier spacings 120kHz, 480kHz and 960kHz (µ=3,5 and 6) were agreed as a working assumption.  The reference point for the application delay could be the last symbol of the PDCCH with the SSSG switching indication similar as agreed in Rel-16 (i.e. at first slot least Pswitch symbols after the last symbol of the triggering DCI). Correspondingly the application delay for timer based SSSG change could follow the Rel-16 definition.
Proposal: Use the application delay timeline introduced in Rel-16 for SSSG switching and the values for Pswitch. For µ=3, 5 and 6 for UE processing capability 1 use the Pswitch values defined in Rel-17 under beyond 52GHz work item. 
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, such 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.
Proposal: For stopping PDCCH monitoring based on PDCCH skipping, support configuring timers similarly as in C-DRX operation to enable configuring time windows for handling the open re-transmissions.
It would also be good to clarify what would be the expected UE behaviour in context of possible scheduling during the drx-RetransmissionTimerDL/UL. 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 drx-RetransmissionTimerDL/UL has expired. When a (DL/UL) scheduling DCI is detected during the drx-RetransmissionTimerDL/UL 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 drx-RetransmissionTimerDL/UL 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 when not receiving DCI with different indications during the drx-RetransmissionTimerDL/UL 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.
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, 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.  
Now, the DCP (DCI format 2_6) introduced in Rel-16, to control the onDuration monitoring could be also used to enable UE skipping the PDCCH monitoring during onDuration thus from power saving perspective, PDCCH skipping duration would not need to be extended upon expiry of inactivity timer. Also, it has been earlier concluded that PDCCH skipping applies to Type3-PDCCH CSS and USS, thus extending skipping duration beyond the inactivity timer expiry would imply that the UE would also stop monitoring DCP. This could result case where the DCP monitoring occasions are skipped. 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. As noted above this would also 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).
Regarding the interaction with C-DRX and SSSG switching, it would also need agree what is the UE behaviour. The proposed behaviour in Section 2.2 would be that upon timer expiry, UEs would fall-back to default SSSG (#0). 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, until switch is triggered by DCI or timer expires.
Proposal: Consider support configuring of SSSG that is applied at the start of the On Duration.

Operation with multiple active cells
The handling of PDCCH monitoring adaptation has been discussed in past meeting, leading to a draft proposal in last meeting summarising the considered options:
	[Medium] proposal 6-1 (v2)
	For Rel-17 DCI based PDCCH monitoring adaptation , and when UE is configured CA, down-selection of the following alternativesAlt 1 and Alt2
· Alt 0: one PDCCH indicates adaption only for single cell PDCCH monitoring adaptation is only applied to the scheduled cell (including self-scheduling and  cross-carrier scheduling) 
· Alt 1: The adaptation can be applied to all CCs within a RRC configured CC group. 
· If one cell is adapted, all other cells in the same CC group will be adapted
· Indication of PDCCH monitoring adaptation is transmitted on only one CC of the CC group
· The indicated PDCCH monitoring adaptation is applied to all cells in the same CC group
· The maximum number of cells in the configured CC group is [16]
· Support up to [4] CC groups for a signle UE.
· Monitoring adaptation indication across different CC groups is not support.
· Alt 2: Extend dormancy indication field in scheduling DCI to indicate PDCCH monitoring adaptation when multiple cell are configured
· FFS details, e.g., Support PDCCH monitoring adaptation for multiple cells using DCI 1-1 format, at least based on case 2 dormancy-like indication and using a new RNTI configured by higher layers
· Alt 3: PDCCH monitoring adapation is only applied to the scheduled cell.
· Alt 4: per MAC entity control PDCCH monitoring adaptation.






From PDCCH monitoring adaptation perspective, different scenarios could be observed for a cell in case of self-scheduling and cross-carrier scheduling. If the cross-carrier scheduling is configured for the scheduled cell, there is no actual PDCCH monitoring in the cell. Hence, evidently the PDCCH monitoring adaptation is relevant only for the scheduling cell(s) as UE is not expected to be scheduled in a cell in both ways, self- and cross-carrier scheduling. Thus when the PDCCH monitoring adaptation is considered, it would be sufficient to focus on the PDCCH monitoring adaptation for the cells that can be self-scheduled, i.e. to scheduling cell(s).
Observation: PDCCH monitoring adaptation can be applied only in cell(s) where self-scheduling is applied.
Other aspect considered is whether PDCCH monitoring adaptation indication by a DCI (or a timer in case of SSSG switching) in one cell should affect only to the scheduled cell, or whether the indication could be considered to affect multiple cells e.g. similar as in Rel-16 via cellGroupsForSwitchList. Technically, as the PDCCH monitoring adaptation can be achieved by DCI triggering for the cells where self-scheduling is applied, there is no absolute need to enable grouping of the cell(s) for PDCCH monitoring adaptation perspective.  However, in case of timer based PDCCH monitoring adaptation (i.e. SSSG switching), the grouping allows to synchronise the timer expiry based switching in the group of cells, thus it could be considered at least for timer based PDCCH monitoring adaptation.
Proposal: Introduce RRC configurable group (e.g. as cellGroupsForSwitchList) to align the PDCCH monitoring adaptation, at least for timer based PDCCH monitoring adaptation.

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 2.1 we discussed the aspects related to DCI format design (and related behaviour) for PDCCH monitoring adaptation and made following proposals and observations:
Proposal: Determine the 3 SSSG switching and skipping as follows:
For Case 5 (i.e., 3 SSSG switching and skipping)
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· ‘11’ is Beh 1A


Proposal: Support configuration of higher layer parameter searchSpaceSwitchTrigger-r17 to DCI format 2_0 is configured so that DCI format 2_0 can be used to indicate the SSSG to be monitored.
Observation: Consider supporting additional non-scheduling DCI via DCI format 1_1 for PDCCH monitoring adaptation.
In Section 2.2 we looked the timer based adaptation and related configurations and concluded as follows:
Observation: Configuration for the duration for the skipping PDCCH monitoring is affected by the allowed traffic latency and other traffic KPIs, which are not dependent on the SSSG.
Proposal: Configurations for PDCCH skipping durations and SSSG switching timers can be done in BWP specific manner.
Proposal: Support configuring up to two PDCCH skipping durations, i.e. M=2.
Proposal: If network schedules the UE with a DCI format scrambled dedicated RNTI (e.g. C-RNTI), UE should reset the timer.
Proposal: If UE receives scheduling or non-scheduling DCI indicating no SSSG switch (i.e. field value corresponds to the active SSSG#1 or #2), 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 2.3 we considered other open aspects related to the PDCCH monitoring adaptation. In other MO originated behaviours, such as BFD, we propose in Section 2.3.1 following:
Proposal: In case of triggering SR, normal PDCCH monitoring should be resumed and PDCCH skipping stopped. For SSSG switching, it should be agreed whether upon SR triggering, UE stays on active SSSG or whether UE falls back to default SSSG (SSSG#0). 
 
Observation: BSR related behaviour can be addressed by proper selection of UL TB related behaviour.

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 successful BFR 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: Upon detection of beam failure or initiation of beam failure recovery, should result the UE to stop PDCCH monitoring adaptation and resume normal PDCCH monitoring (i.e. stop PDCCH skipping and/or change to default SSSG). ). For SSSG switching the preferred SSSG to be monitored could be configured.

In Section 2.3.2, for the application delay we make following proposal and observation:-
Proposal: Use the application delay timeline introduced in Rel-16 for SSSG switching and the values for Pswitch. For µ=3, 5 and 6 for UE processing capability 1 use the Pswitch values defined in Rel-17 under beyond 52GHz work item. 
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 2.3.3 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 similarly as in C-DRX operation to enable configuring time windows for handling the open re-transmissions.
Proposal: Clarify the UE behaviour in case of PDCCH skipping when not receiving DCI with different indications during the drx-RetransmissionTimerDL/UL so that UE should follow the latest indication.
To conclude the interaction with C-DRX operation in Section 2.3.4 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.
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: Consider support configuring of SSSG that is applied at the start of the On Duration.
In Section 2.3.5, on the operation with multiple active cells, following observation and proposal is made:-
Observation: PDCCH monitoring adaptation can be applied only in cell(s) where self-scheduling is applied.
Proposal: Introduce RRC configurable group (e.g. as cellGroupsForSwitchList) to align the PDCCH monitoring adaptation, at least for timer based PDCCH monitoring adaptation.
Finally in Section 2.3.6 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 
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