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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. 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

In addition, the UE behavior upon SSSG timer expiry should be clarified for Case 3 and Case 5. Also, in context of Case 5 as well as Case 4, it should be clarified what is the expected UE behavior upon expiry of skipping duration. By assuming that UE shall, upon skipping duration or SSSG timer expiry, as illustrated in Figure 1, return to a default SSSG, the UE behavior is always consistent. With this assumption, it would not need to be further considered whether the timers run independently or whether there is some dependency for the timers.
Observation: Assuming that, for both SSSG switching and stopping PDCCH monitoring, upon timer expiry UE shall return to default SSSG, streamlines, and simplifies the operation.
Proposal: Upon expiry of the PDCCH skipping duration or SSSG switching timer, UE should return to default SSSG.
For Case 4 (2 SSSG switching and skipping), multiple options were considered. Different options were distinguished by whether SSSG switching is indicated jointly with skipping or whether the skipping is indicated in association with a certain SSSG. As proposed above, if it is agreed that upon expiry of SSSG timer or skipping duration UE shall always return to the default SSSG, there would not seem to be any explicit reason to associate the skipping indication with a particular SSSG. Even in the case when the skipping would not implicitly result in SSSG switch upon skipping duration expiry, there does not seem to be strong reason to associate the skipping to a certain SSSG, and DCI based skipping and SSSG indication could be kept separated. 
Hence, for the configuration with two SSSG switching and one skipping duration, it is proposed that SSSG switching follows the Case 2 approach where two states are associated to SSSG switching (i.e. Beh 2 and Beh 2A) and the third state corresponds to the skipping indication (Beh 1A).
Proposal: Determine the 2 SSSG switching and skipping with one duration as follows:
· 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 1A
· ‘11’ is reserved

Correspondingly, the mapping for configuration with two SSSG switching and two skipping durations it is proposed that two states are associated to SSSG switching (i.e. Beh 2 and Beh 2A) and third and fourth state corresponds to the skipping indication with duration T1 (Beh 1A for duration T1) and duration T2 (Beh 1A for duration T2).
Proposal: Determine the 2 SSSG switching and skipping with one duration as follows:
For Case 4 (i.e., 2 SSSG switching and two skipping durations)
· 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 1A with duration T1
· ‘11’ is Beh 1A with duration T2
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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
In last meeting following agreements were made for timer based SSSG switching
	Agreement
-         The value of the SSSG switching timer in slots for SSSG#1 and/or SSSG#2 can be configured as
o    {[1...20,40,60,80,100]} for 15 kHz SCS,
o    {[1...40, 80,100,160,200]} for 30 kHz SCS,
o    {[1...80, 160,200,320,400]} for 60kHz SCS,
o    {[1...160,320,400,640,800]} for 120kHz SCS
 
 
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



The timer values for SSSG switching were discussed in last meeting, and using the Rel-16 value range  extended with scarcer granularity to e.g. 100 slots at 15kHz sub-carrier spacing. We are, in principle, fine with the considered values, but if signalling field size is desired to be reduced, we could consider also increasing the granularity for lower values, to slot values corresponding to {1, 2, 4, 5, 8, 10, 14, 15, 16, 20, 40, 60, 80, 100}ms.
Observation: If the signalling field size is to be reduced for SSSG switching timer, we could consider increase the granularity for the lower range e.g. to slot values corresponding to {[1, 2, 4, 5, 8, 10, 14, 15, 16, 20], 40, 60, 80, 100}ms.
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, 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. 
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.
The configuration range for the skipping duration was discussed, together with the unit of the duration. For the unit of duration, the PDCCH monitoring could be considered in context of slots (e.g. slot periodicity), or monitoring occasions (i.e. monitoring symbols in slots). The latter, i.e. monitoring symbols, would allow finer granularity in terms of skipping duration determination, but it would seem sufficient to consider determining the duration in function of slots. As per range, upper values of 10ms and 20ms were discussed in last meeting. However, this could be also sub-carrier spacing dependent. While we think 10ms would suffice in most scenarios, 20ms could be considered for some sub-carrier spacings.
Proposal: Support configuring skipping duration as a function of slots. The range could be defined as follows:
· {1,2,3,4,5,8,10,12,15,20} slots for 15kHz
· {1,2,4,8,10,12,16,20,30,40} slots for 30kHz
· {1,2,4,8,10,16,20,30,40,80} slots for 60kHz
· {2,4,8,10,16,20,30,40,60,80} slots for 120kHz

One additional open item that was now concluded in last meeting was the SSSG timer. Firstly, the behaviour with scheduling DCI (scrambled with C-RNTI) could be considered. UE could be scheduled with fallback DCI (e.g. DCI format 1_0 scrambled with C-RNTI) which does not carry a field for SSSG switching. This evidently means that network does not intended to trigger SSSG switch, and the timer should be reset. When UE is scheduled by e.g. DCI format 1_1 or 0_1 scrambled by C-RNTI, the DCI format would carry the field for SSSG switching. Evidently, 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.) If no SSSG switch is indicated (i.e. indicated SSSG, #1 or #2, is the active SSSG), this would imply that network does not want the UE to change the SSSG and the UE should continue to stay on the active SSSG, thus the timer should also be also reset.
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 do not carry field for SSSG switching, 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 transmit 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.
Proposal: Procedures such as SR transmission, BSR or beam failure recovery should result UE to stop PDCCH monitoring adaptation and resume normal PDCCH monitoring (i.e. stop PDCCH skipping and/or change to default SSSG).

Application delay (and starting point)
The application delay options were discussed in RAN1#106bis-e meeting and different options were listed as below:
	Agreement (RAN1#106bis-e)
The following application delay for a scheduling DCI based PDCCH monitoring adaptation indication can be considered,
-         For PDCCH skipping,
o    Option b
o    Option f
o    Option d for downlink grant and Option c for uplink grant
o    Option i
o    Option j
o    Note: down-select based on the options in RAN1#107-E
-         For SSSG switching,
o    Option a
o    Option d for downlink grant  and Option c for uplink grant
o    Option h
o    Option b
o    Option d for downlink grant and Option g for uplink grant
o    Note: down-select based on the options in RAN1#107-E
-         The Options a – j is defined as follows,
o    Option a: the application timelines provided in Table 10.4-1 in TS38.213 for search-space group switching for unlicensed band form is reused.
       for SCS configuration , FFS X = 25 or 39
      FFS: 
o    Option b:  the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended.
o    Option c: PDCCH monitoring adaptation command applies after PUSCH transmission if triggered by UL DCI
o    Option d: PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding).
o    Option e: after successfully decoding TB.
o    Option f:  Application delay should be “ZERO”  for PDCCH monitoring adaptation. PDCCH monitoring adaptation would be applied after UE receive the additional PDCCH monitoring adaptation control signaling bit(s) in DCI
o    Option g:  Application delay(s) are configured via RRC signaling
o    Option h:  Application delay applies after drx-RetransmissionTimerUL expires
o    Option i: Leave up to implementation
o    Option j: UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in DL assignment. If the UE fails to decode the associated PDSCH and transmits a NACK, skipping is canceled in the slots after the NACK transmission. Option g ( application delay configured via RRC signaling) is used for uplink grant. If RRC signaling is not provided, UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in UL grant.
o    Other options not precluded.
-         FFS reference points for the application delay,
-         FFS whether the same or different and how application delay for PDCCH monitoring adaptation indicated by DCI and timer expiration
-         FFS non-scheduling DCI if supported




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. However, as in difference to Rel-16 operation, the PDCCH monitoring adaptation can be provided by scheduling DCI, thus using the minimum scheduling offset restriction could also be considered. In terms of absolute value from the end of DCI both result in similar processing delay value, hence it could be considered using the time introduced in Rel-16, at least for DL scheduling DCI. For µ=3, same values as used for µ=2 could be used. It is proposed to keep µ=5 and 6 still open.
Proposal: Use the application delay timeline introduced in Rel-16 for SSSG switching i.e. option a). For µ=3 define Pswicth capability {1,2} as {25,22}. 
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 scheduling, 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 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 and drx-RetransmissionTimerDL, can be provided to the UE, allowing determining time window for handling the possible scheduling of re-transmissions.
Proposal: For stopping PDCCH monitoring based on PDCCH skipping, assume either that skipping is not applied until successful decoding or UL transmissions are not pending or alternatively define timers similarly as in C-DRX operation to enable configuring time windows for handling the open re-transmissions.

Interaction with C-DRX
Regarding the interaction with C-DRX and SSSG switching, it would need to be agreed 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.
It was also considered in last meeting whether it should be possible to configure PDCCH monitoring adaptation to indicated UE to start applying either short DRX cycle or long DRX cycle. As indicated, this functionality is already supported by MAC-CE, thus it would not seem necessary to duplicate the functionality. 
Proposal: Do not support duplicating DRX Command MAC-CE or Long DRX Command MAC-CE with PDCCH monitoring adaptation.
Other aspects
In RAN1 #104 it was discussed that relaxing the PDCCH monitoring can be connected to the minimum scheduling offset. I.e. if minimum cross-slot offset scheduling restriction (e.g. K0min>0) is applied, this would result implicitly to a corresponding reduction in PDCCH monitoring. While in Rel-16 evaluations it was assumed that K0min=1 would be sufficient to ensure power saving, this may not be the case in practice. Therefore, binding implicitly the PDCCH monitoring to e.g. the applied K0min would result in higher overall latency, by delaying both, DCI and the PDSCH. This would also limit throughput that could be achieved with minimum cross-slot offset scheduling restriction, because the network would only be able to schedule the UE according to the minimum scheduling offset x, i.e. every K0min the PDCCH. However, if power saving benefit is seen sufficient, it may be possible to consider to link different SSSGs with different K0,min and/or K2,min. So, for example, for a certain SSSG with relaxed PDCCH monitoring the Kx, min-value(s) could also be larger than 0 slots. One approach can be to associate the Kx, min-value(s) with the SSSG, such that when the UE switches SSSG it will automatically also apply the associated Kx, min-value(s) without need for further configuration signalling. This would enable to separate the ‘periodicities’ assumed for DCI and PDSCH/PUSCH.
Observation: Associating minimum cross-slot scheduling restriction to certain SSSGs could be considered.
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

Observation: Assuming that, for both SSSG switching and stopping PDCCH monitoring, upon timer expiry UE shall return to default SSSG, streamlines, and simplifies the operation.
Proposal: Upon expiry of the PDCCH skipping duration or SSSG switching timer, UE should return to default SSSG.
Proposal: Determine the 2 SSSG switching and skipping with one duration as follows:
For Case 4 (i.e., 2 SSSG switching and two skipping durations)
· 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 1A
· ‘11’ is reserved
Proposal: Determine the 2 SSSG switching and skipping with one duration as follows:
· 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 1A with duration T1
· ‘11’ is Beh 1A with duration T2

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: If the signalling field size is to be reduced for SSSG switching timer, we could consider increase the granularity for the lower range e.g. to slot values corresponding to {[1, 2, 4, 5, 8, 10, 14, 15, 16, 20], 40, 60, 80, 100}ms.
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: Support configuring skipping duration as a function of slots. The range could be defined as follows:
· {1,2,3,4,5,8,10,12,15,20} slots for 15kHz
· {1,2,4,8,10,12,16,20,30,40} slots for 30kHz
· {1,2,4,8,10,16,20,30,40,80} slots for 60kHz
· {2,4,8,10,16,20,30,40,60,80} slots for 120kHz

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 do not carry field for SSSG switching, 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: 
Proposal: Procedures such as SR transmission, BSR or beam failure recovery should result UE to stop PDCCH monitoring adaptation and resume normal PDCCH monitoring (i.e. stop PDCCH skipping and/or change to default SSSG).
Proposal: Use the application delay timeline introduced in Rel-16 for SSSG switching  i.e. option a). For µ=3 define Pswicth capability {1,2} as {25,22}.
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 scheduling, but scheduling can follow the applied SS set(s).
Observation: Special handling of HARQ re-transmissions is only needed when UE stops the PDCCH monitoring for extended time.
Proposal: For stopping PDCCH monitoring based on PDCCH skipping, assume either that skipping is not applied until successful decoding or UL transmissions are not pending or alternatively define timers similarly as in C-DRX operation to enable configuring time windows for handling the open re-transmissions.
Proposal: Consider support configuring of SSSG that is applied at the start of the On Duration.
Proposal: Do not support duplicating DRX Command MAC-CE or Long DRX Command MAC-CE with PDCCH monitoring adaptation.
Observation: Associating minimum cross-slot scheduling restriction to certain SSSGs could be considered.
Proposal: Confirm the working assumption that 3 SSSGs are supported:
· Working Assumption at most 3 SSSGs is supported to be configured.
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