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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.

At the RAN1 #103-e it was agreed that · Specify at least one of the following options for Rel-17 dynamic PDCCH adaptation in time-domain for active time,​
· Option 1: Search space set group switching,e.g.,  including explicit and implicit search spaceset group switching specified in R16 for NR-U ​
· Option 2: PDCCH skipping for a certain duration / DRX cycle​
· FFS: which option(s)
· Candidate DCI formats for dynamic PDCCH adaptation include DCI formats 1_1(including scheduling and non-scheduling DCI), 0_1, 1_2, 0_2, 2_0, 2_6.​
· Note:​ Companies are encouraged to provide analysis on specification impact, power saving benefit and system impact (e.g., packet latency, system overhead)​
· FFS: other schemes are not precluded for further study​


And the remaining open issues includeSpecify at least one of Option 1 and Option 2. Note that other schemes are not excluded.

This discussion was continued in RAN1#104 where following agreement was made:
	Agreements:
1. Strive for a common design for DCI based PDCCH monitoring adaptation in active time for an active BWP to support functionalities inclusive of both SSSG switching and PDCCH skipping for a duration. 
0. Details FFS
Agreements:
· The following alternatives can be considered for DCI based PDCCH monitoring adaptation in active time for an active BWP for power saving
· [bookmark: _Hlk64963960]Alt 1: Enhancement of Rel-16 SSSG switching to support PDCCH monitoring adaptation including skipping for a duration
· Alt 2a: Enhancement of DCI(s) utilized for Rel-16 power saving adaptation for supporting both skipping PDCCH monitoring for a duration and SSSG switching
· Alt 2b: Enhancement of DCI(s) utilized for Rel-16 power saving adaptation for supporting both skipping PDCCH monitoring for a duration and PDCCH monitoring periodicity adaptation
· Others not precluded




Based on the last meeting discussion, the debate seems not be anymore as which functionalities to support, but how to support them. Some companies, as illustrated in Alt1 would like to use common frame work, building upon Rel-16 functionalities to enable the discussed power saving methods, while other companies would prefer to separate these to different features. As discussed earlier our preference is to build upon existing frame work, based on Alt 1. This would enable, through timer based SSSG switching similar power saving mechanisms in Active time as are currently possible through C-DRX. As this would be autonomous (through the timers), this circumvents the UE-NW interaction, while retaining both synchronised on the PDCCH monitoring occasions.
[bookmark: _Hlk71621951]Proposal: Adopt Alt1 from last meetings agreement for further work. 
In this contribution we consider further the method and enhancement to Rel-16 SSSG switching to support PDCCH monitoring adaptation for power saving purposes covering also enabling stopping PDCCH monitoring for a duration.
Summary of the power saving performance
In our previous contribution [4] we compared “Search Space set group switching indicated by DCI” and “DCI-based PDCCH monitoring skipping command” with the Release 16 baseline. In this contribution we summarize the main findings and then discuss further details of Search Space set group (SSSG) switching.
The comparisons where made for FTP3, VoIP, video/voice conferencing an a data intensive traffic model, assuming a 5 ms TDD frame structure (6 DL and 4 UL slots) and error free transmission. 
The SSSG switching scheme includes 2 search space sets; one set with PDCCH monitored every slot and another set where PDCCH is monitored 1 out of 6 DL slots. The SSSG switch indication is sent after 2 slots of data inactivity and the switching delay from frequent to less frequent monitoring is 1 slot. 
We assume the DCI-based PDCCH monitoring skipping informs the UE to stop monitoring PDCCH for 5 slots, so that similarly to the SS switching scheme, the UE monitors PDCCH once per 5 ms, when skipping is applied in the assumed TDD frame structure. Similar to SSSG switching we assume the PDCCH monitoring skip command is sent after 2 slots of data inactivity. The application delay after receiving the command is 0 slots, and we assume a new skipping command is sent immediately after the skipping duration has expired.
In this section the evaluation results for the different traffic scenarios and energy saving schemes are presented. As a baseline the C-DRX only configuration with wake-up signal was assumed, as described in Table 1 of [4]. Then both MAC-CE based DRX command and minimum scheduling offset restriction (cross-slot/x-slot) were applied independently on top of the baseline with wake-up signal. Then, as described, SS switching and PDCCH skipping based on DCI were compared against these (independently without other enhancements).
The past contribution [4] contains results for 4 traffic types, but since the key observations are the same we only include the FTP3 scenario here. The energy consumption results, relative to the baseline, are given in Figure 2. The SSSG switching and PDCCH monitoring skipping results in potential savings of 14 %. The corresponding numbers for the two schemes for the other traffic scenarios are 10 % for VoIP, 7 % for video/voice conferencing and 4 % for the data intensive traffic [4]. Independently of the traffic scenario, SSSG switching and PDCCH monitoring skipping result in the same PDCCH monitoring adaptation behaviour and therefore also similar potential savings, which however decreases with increasing data intensity.
[image: ]
[bookmark: _Ref54184152]Figure 2 Relative energy saving for the FTP3 scenario.
Observation: With more intense traffic profiles the attainable gains from different power saving schemes are reduced.
Observation: SSSG switching and PDCCH skipping provide comparable gains in all evaluated scenarios.
System level aspects
As the power saving gains attainable from SS switching and PDCCH skipping are similar and use similar mechanism to achieve the power saving (reduce the PDCCH monitoring) they can be considered overlapping schemes. From system perspective, PDCCH skipping implies larger PDCCH load to achieve the power saving. Table 2 provides an estimate of the number of PDCCH skipping and SS switching commands required based on the DRX configuration per traffic scenario. While the SS switching can always be achieved via a single PDCCH DCI, the PDCCH skipping requires 2-4 times as many messages per UE for most scenarios. This increases the PDCCH load, and furthermore it is worth observing that the PDCCH skipping command energy saving gains are conditioned on the scheduler to be able to re-send the skipping command immediately after skipping duration has expired. In practical scenarios this may not be always feasible, thus the evaluated UE energy saving gains may not realize in practice for the scheme based on PDCCH skipping command. 
Observation: SSSG switching has lower signalling overhead than PDCCH skipping for most of the evaluated traffic scenarios.
[bookmark: _Ref61617015]Table 2 Estimate of PDCCH signaling commands for PDCCH skipping and SS switching. SCS is 30 kHz and the TDD frame has 6 DL slots and 4 UL slots. Assume a single packet is sent in the first slot, which also contains the first PDCCH skip/SS switch command.
	Traffic scenario
	On Duration [ms]
	Inactivity timer [ms]
	Number of PDCCH skip commands
	Number of SS switch commands

	
	
	
	No data, i.e. no inactivity timer
	Data, i.e. inactivity timer
	

	FTP3
	8
	20
	2
	4
	1

	VoIP
	8
	10
	2
	2
	1

	Video
	8
	10
	2
	2
	1

	Data intensive
	8
	4
	2
	1
	1




Enhancements to SSSG switching
Like proposed in previous section, in this section we consider possible enhancements to the Rel-16 SS set group switching to better suit to active time power saving. In RAN1#104e following aspects were considered:
	Agreements
· For DCI based SSSG switching in active time for an active BWP (if supported), the following can be further considered,
· Explicit indication of PDCCH adaptation
· Scheduling DCI based
· Format 1_1,
· Format 0_1,
· Format 0_2/1_2
· Format 1_0
· Non-scheduling DCI supported by vivo, Samsung
·  Format 2_6 in active time
· Format 2_0
· Format 1_0
· Format 1_1 (SCell dormancy case 2)
· additional indication mechanism
·  By reusing Rel-16 SCell dormancy indication when CA is configured, FFS details
· By associating Rel-16 cross-slot scheduling indication when R16 cross-slot scheduling is configured, FFS detailds
· DCI dynamically indicates a duration period for the switched SSSG, UE switch back to previous/default SSSG after duration endstimer expried
· Timer-based SSSG switching, including RRC configured a timer, UE switch back after timer expired.
· SSSG activation/deactivation
· FFS: Implicit SSSG switching
· SSSG switching triggered by SR
· SSSG switching triggered by RACH
· Default SSSG that a UE monitors when coming out of DRX to monitor an ON duration.
· FFS: whether/how to support SSSG switching for multiple groups of cell(s).
· FFS: whether/how to support SSSG switching in active time with DCP outside active time
· FFS: whether / how to support more than 2 SSSGs,
· FFS: number of SSSGs
· FFS: a search space set group to emulate PDCCH skipping
· Others are not precluded




The Rel-16 SS set group switching functionality supports DCI format 2_0 using field SearchSpaceSwitchTrigger-r16 to trigger change between search space set group 0 and 1. To better accommodate the use of SS set group switching for power saving in active time operation, it should be considered to support search-space group switching bit(s) in UE specific DCIs. Hence introducing support to indicate the SSSG switch (including the target group) in scheduling DCIs (such as DCI format x_1 and x_2) should be considered. 
Proposal: Introduce support for DCI based SS set group switching to scheduling DCIs, format x_1 and x_2.
In some scenarios, it may be beneficial to facilitate SSSG switching even though the UE is not scheduled. The support of DCI format 2_0 for SSSG switching is applicable to this purpose and would not require specification change as compared to e.g. DCI format 2_6. 
A NR UE can monitor 3 different DCI sizes scrambled with C-RNTI and 1 DCI size scrambled with other RNTI. Thus, if a non-scheduling DCI is to be monitored for SSSG switching the DCI size needs to be aligned with other DCIs monitored during Active Time. 
As noted above, the Rel-16 SS set group switching functionality has two SS set groups, 0 and 1. As part of the study for WID objective 2a, it could be considered whether to extend the number of possible SS set groups from 2 to e.g. 3. This could facilitate further adaptation to the traffic for example by enabling gradual relaxation of the PDCCH monitoring. Alternatively, the 3rd group could be used to facilitate no further monitoring for the remainder of the Active Time and then rely on a timer-based return to a group with PDCCH monitoring. 
Proposal: Increase the number of SS set groups at least from 2 to 3.
In addition, a timer-based SS set group switching is also supported by Rel-16 (searchSpaceSwitchingTimer-r16). Hence, to enable UE autonomous adaptation when UE is not being scheduled (provided no DL nor UL grant) for a certain time this could also be considered for active time power saving operation. Also if the number of SS set groups is increased, timer(s) could be applied so that gradual change from more frequent PDCCH monitoring towards relaxed PDCCH monitoring is enabled. It can be further discussed that if more SS set groups are supported e.g. 3, that whether common ‘inactivity’ timer is used for the adaptation or whether it can be separately configured for groups N, N>0. Figure 2 provides an illustration of how different timers are used to switch from SS set group 2 to group 1 and from group 1 to 0. The timer-based mechanism would also enable the stopping the PDCCH monitoring for a duration with corresponding SS set configuration (e.g. Timer 2).
SS set group 0
SS set group 1
SS set group 2
Timer 10
Timer 21

[bookmark: _Ref67059660]Figure 2 Timers for SSSG switching.
Proposal: Support timer-based UE autonomous SS set group switching for active time power saving. 
In addition to the DCI based and timer-based mechanism, the Rel-16 SS groups switching support implicit group switching based on DCI detection (i.e. detection of scheduling in group 0 triggers change to group 1). Similarly such mechanism could be considered for the Rel-17 active time power saving functionality. Of course, for SS set groups where UE can be scheduled with non-fallback DCI (i.e. DCI format 1_1) carrying the adaption bit, this is not necessarily needed. Thus it should be further discussed, whether e.g. receiving fall-back DCI (scrambled with C-RNTI) or some other, non-scheduling DCI should trigger UE adaptation from one SS set group to another. 
Observation: Consider whether implicit SSSG switching needs to be triggered based on detection of non-scheduling DCI.
Also, as discussed in context of minimum scheduling offset restriction, initiating certain procedures, transmitting RACH or SR, could also trigger implicit switch from one SS set group to another. 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 change SS set group to monitor PDCCH more frequently.
Regarding the interaction with C-DRX it would need to be agreed what is the UE behaviour. As described above, the baseline behaviour could be envisioned based on the timers, so that during the inactivity the UE can based on timer expiry move to less frequent PDCCH monitoring. This would allow UE to maintain the reduced PDCCH monitoring during the On Duration, when UE is not scheduled. If UE is scheduled during the On Duration, UE could be either explicitly (with scheduling DCI) or implicitly (triggered by PDCCH detection) indicated to change the SS set group. 
Observation: In case of C-DRX, timer-based SSSG switching could be applied during the inactivity and SSSG would be switched if UE is scheduled during On Duration.
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, the DCP should implicitly result SSSG switch to more frequent PDCCH monitoring. When considering this scenario it seems beneficial to allow the network to define a default SS set group, which the UE applies at the start of the On Duration, at least when DCP is used to trigger the On Duration monitoring.
Proposal: Support default SS set group that is applied during On Duration, at least when DCP is configured.
In principle in context of SSSG switching it could be considered to allow network to configure also different groups for Type3-CSS, but this is not absolutely mandatory. If Type3-CSS monitoring can be reduced, network could configure corresponding SS set for all UEs.
Like discussed above, with the timer based SSSG switching, also the stopping the PDCCH monitoring (for USS) could be supported. This could be defining a {null} SS set group to which no SS set is configured to, or alternatively via configuring separate SS sets with new {infinite} or very long periodicity (2560 slots) or alternatively by allowing {null} formats to be monitored.
Observation: Through use of timer based SSSG switching and proper configuration of SS set stopping of PDCCH monitoring for a duration can be achieved. 
Handling of CSS
The discussions for active time power saving through PDCCH monitoring reduction has been mainly focused to monitoring of USS. Type0-Type3-PDCCH CSS provide different functionalities for the system operation, and from CONNECTED mode UE perspective Type3-CSS is most relevant, while Type2-CSS (paging) is expected to be monitored periodically (albeit not very frequently) and also Type1-CSS (e.g. if TAT has expired and SR is triggered). Type3-CSS can carry different group common DCIs, thus it should be considered whether could can be applied to PDCCH monitoring reduction, or whether these should be precluded and UE should always be assumed to monitor these according to the configured periodicity. As the reason to change the behavior/assumed configuration via group common DCI may be triggered by external reason e.g. SFI-RNTI or TPC-X-RNTI, it would seem preferable to ensure that all UEs can be provided the adaptation in due time. Correspondingly, albeit relatively infrequent occurrence, CONNECTED mode UEs should monitor paging DCI based on the configured search space set.    
Proposal: PDCCH monitoring relaxation should not be applied to CSS.
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 practise. 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 th 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 scenarions. 
Based on the last meeting discussion, the debate seems not be anymore as which functionalities to support, but how to support them. Some companies, as illustrated in Alt1 would like to use common frame work, building upon Rel-16 functionalities to enable the discussed power saving methods, while other companies would prefer to separate these to different features. As discussed earlier our preference is to build upon existing frame work, based on Alt 1. This would enable, through timer based SSSG switching similar power saving mechanisms in Active time as are currently possible through C-DRX. As this would be autonomous (through the timers), this circumvents the UE-NW interaction, while retaining both synchronised on the PDCCH monitoring occasions. 
Proposal: Adopt Alt1 from last meetings agreement for further work. 
In section 2 we summarised the earlier evaluations and made following observations and proposal:
Observation: With more intense traffic profiles the attainable gains from different power saving schemes are reduced.
Observation: SSSG switching and PDCCH skipping provide comparable gains in all evaluated scenarios.
Observation: SSSG switching has lower signalling overhead than PDCCH skipping for most of the evaluated traffic scenarios.
In section 3 we discussed the possible extensions to SSSG framework to enhance achievable power saving via reduced PDCCH monitoring and made following:- 
Proposal: Introduce support for DCI based SS set group switching to scheduling DCIs, format x_1 and x_2.
Proposal: Increase the number of SS set groups from 2 to 3.
Proposal: Support timer-based UE autonomous SS set group switching for active time power saving. 
Observation: Consider whether implicit SSSG switching needs to be triggered based on detection of non-scheduling DCI.
Proposal: Procedures such as SR transmission or beam failure recovery should result UE to change SS set group to monitor PDCCH more frequently.
Observation: In case of C-DRX, timer based SSSG switching could be applied during the inactivity and SSSG would be switched if UE is scheduled during On Duration.
Proposal: Support default SS set group that is applied during On Duration, at least when DCP is configured.
Observation: Though use of timer based SSSG switching and proper configuration of SS set stopping of PDCCH monitoring for a duration can be achieved. 
Proposal: PDCCH monitoring relaxation should not be applied to CSS.
Observation: Associating minimum cross-slot scheduling restriction to certain SSSGs could be considered.
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