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Introduction
It was agreed in RAN#86 [1], the objectives of the UE power saving are as follows:
	1) [bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK150][bookmark: OLE_LINK151]Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) [bookmark: OLE_LINK152][bookmark: OLE_LINK153]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.


From above, extension(s) to R16 DCI-based power saving adaptation during DRX Active Time for an active BWP need to be further specified. In this contribution, we discuss the possible power saving techniques.

Potential power saving techniques 
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Regarding the possible power saving techniques, two options were raised in the last meeting [2].
	Agreements:
· 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., potential adjustments/enhancements forincluding 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)(e.g. taking into account additional gain of option 1 over option 2, or vice-versa)
· 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


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In this chapter, we discuss these two techniques.

PDCCH skipping
In our understanding, PDCCH skipping can be illustrated by figure 1, a signaling (e.g. DCI) can indicate the UE to skip PDCCH monitoring for a certain duration or DRX cycle. 


Figure 1: PDCCH monitoring skipping
In order to evaluate the power saving gain of PDCCH skipping, we performed SLS evaluations (parameters can be found in appendix) and the results are shown in figure 2.
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	(a) power consumption
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	Figure 2. Power consumption and power saving gain of PDCCH  skipping


As can be seem from figure 2, PDCCH skipping brings significant power saving gain on the top of WUS and cross-slot scheduling.
Observation 1: PDCCH skipping brings significant power saving gain on the top of WUS and cross-slot scheduling.
PDCCH skipping can be triggered by DCI, There are two possible options on DCI format enhancement to indicate the PDCCH skipping. 
	Option 1: An additional information field is introduced in existing DCI.
	Option 2: Repurpose the existing information field.
For option 1, N bits would be introduced in DCI to indicate 2N PDCCH monitoring status of skipping, this option is simple and flexible. However, it will increase the size of DCI, and may impact the DCI size budget and processing complexity of UE.
For option 2, the existing information field can be reused. This option will not increase the size of DCI with additional function in extending the PDCCH skipping to achieve more power saving gain without introducing additional bit(s). But this option may impact the original function of the existing information field and need more standardization work.
Proposal 1: Consider to specify PDCCH skipping in Rel.17.
Proposal 2: The triggering method of PDCCH skipping should be further studied.

Search space set group switching
The intention of the search space set group switching is to trigger the UE to switch the PDCCH monitoring parameters, e.g. changing the periodicity into a lager one, to save power. An example is shown in figure 3.


Figure 3: PDCCH monitoring periodicity switching
We also performed SLS evaluations (parameters can be found in appendix) to evaluate the power saving gain of search space set group switching, the results are shown in figure 4.
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	Figure 4. Power consumption and power saving gain of search space set group switching


From above, search space set group switching also brings significant power saving gain on the top of Rel.16 time domain power saving techniques (i.e. WUS and cross-slot scheduling).
Observation 2: Search space set group switching brings significant power saving gain on the top of WUS and cross-slot scheduling.
In our understanding, dynamic search space set group switching can be realized by:
Alt 1: BWP switching.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Alt 2: Explicit or implicit triggering within an active BWP.
For Alt 1, this may lead to more frequent BWP switching and impact the RAN4 spec (i.e. smaller BWP switching delay).
For Alt 2, this is already specified for NR-U [3], and the related specifications are described as follows:
	If a UE is provided by SearchSpaceSwitchTrigger-r16 a location of a search space set group switching flag field for a serving cell in a DCI format 2_0, as described in Clause 11.1.1; 
-	if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI format 2_0 is 0, the UE starts monitoring PDCCH according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0
-	if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI format 2_0 is 1, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, on the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0, and the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-r16
-	if the UE monitors PDCCH on a serving cell according to search space sets with group index 1, the UE starts monitoring PDCCH on the serving cell according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at the beginning of the first slot that is at least  symbols after a slot where the timer expires or after a last symbol of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0
If a UE is not provided SearchSpaceSwitchTrigger-r16 for a serving cell,
-	if the UE detects a DCI format by monitoring PDCCH according to a search space set with group index 0, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, on the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format, the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-r16 if the UE detects a DCI format by monitoring PDCCH in any search space set
-	if the UE monitors PDCCH on a serving cell according to search space sets with group index 1, the UE starts monitoring PDCCH on the serving cell according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at the beginning of the first slot that is at least  symbols after a slot where the timer expires or, if the UE is provided a search space set to monitor PDCCH for detecting a DCI format 2_0, after a last symbol of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0
A UE determines a slot and a symbol in the slot to start or stop PDCCH monitoring according to search space sets for a set of serving cells, provided by searchSpaceSwitchingGroupList-r16, based on the smallest SCS configuration  of the active BWPs in the set of serving cells and, if any, in the serving cell where the UE receives a PDCCH and detects a corresponding DCI format 2_0 triggering the start or stop of PDCCH monitoring according to search space sets.


The above mechanism has advantage of robust due to protection of timer. When reusing this mechanism for eMBB and for power saving purpose, some modification may be needed, since the UE behavior of SS switching in NR-U to achieve power saving would be different to that of CONNECTED mode UE. 
Regarding the candidate DCI formats, DCI format 2-0 may not suitable for licensed band, since DCI format 2-0 is designed for unlicensed band and provide COT information for switching, and DCI format 2-0 is group-common command may cause a lot of UE to switch SS. Therefore, other DCI format should be considered, e.g. DCI format 2-6 or UE specific DCI.
Proposal 3：Consider to specify search space set group switching for eMBB in Rel.17.
Proposal 4：The triggering method of search space set group switching should be further studied.

[bookmark: _Ref494215420]Conclusion
Based on the analyses and discussions, we have the following observations and proposals:
Observation 1: PDCCH skipping brings significant power saving gain on the top of WUS and cross-slot scheduling. 
Observation 2: Search space set group switching brings significant power saving gain on the top of WUS and cross-slot scheduling.
Proposal 1: Consider to specify PDCCH skipping in Rel.17.
Proposal 2: The triggering method of PDCCH skipping should be further studied.
Proposal 3：Consider to specify search space set group switching for eMBB in Rel.17.
Proposal 4：The triggering method of search space set group switching should be further studied.
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Appendix
In RAN1#102, the following agreements related to evaluation were achieved:
	Agreements:
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]The performance metrics described in TR38.840 section 8.2 is reused for power saving evaluation of Rel-17 DCI-based power saving adaptation during ActiveTime.
· The following Rel-15 / 16 features is recommended of the power consumption as reference for baseline. Company can report the feature(s) being used in the baseline.
· DRX
· C-DRX cycle 40msec for VoIP
· 10ms IAT, 8ms On-duration
· Assume max two packets bundled
· C-DRX cycle 160msec for FTP
· Alt 1: 20 msec IAT, 8ms On-duration
· Alt 2: short DRX
· 20 ms [or 40ms as optional] IAT, 8ms On-duration
· 20 ms for short DRX cycle, 4 cycles
· Note: 100 msec IAT, 8ms On-duration can also be used with sufficient justifications that available Rel-15/16 Techniques being used to reduce UE power saving
· DCP for DRX adaptation,
· DCP offset  to DRX ON = 2 ms, other values are not precluded
· Cross-slot scheduling adaptation
· Minimum K0 can be adapted from 0 to 1 for FR1, 0 to [4] for FR2
· BWP switching, including
· MIMO layer adaptation,
· Max # of MIMO layer can be adapted from 4 layer to 2 layer for FR1, 2 layer to 1 layer for FR2
· PDCCH monitoring period adaptation
· PDCCH monitoring period can be adapted from per slot monitoring to X slot monitoring
· X = [2] for FR1 and [8] for FR2
· Bandwidth adaptation
· Bandwidth can be adapted from 100MHz to 20MHz for FR1,FFS for FR2
· Note: 
· BWP transition time type 2 is assumed, BWP transition duration is
· 5 slot @ 30kHz SCS for FR1, 
· 18 slot@120kHz SCS for FR2
· the slot-average power level for BWP transition duration is according to TR38.840
· BWP transition time type 1 can be optional modelled
· BWP switching is Y (ms) after last packet/data burst. 
· Y = [8], other values are not precluded
· Whether BWP switching is modeled depends on the assumed UE capability and evaluated schemes.
· Scell dormancy assumption for CA capable UEs
· FR1 & FR2: SCell dormancy with [160 ms] periodic CSI measurement and reporting
· Other settings
· CA assumption if configured for CA capable UEs
· For FR1, FFS
· For FR2, 4*100MHz can be considered.
· Assumptions for scheduler
· For FR1, no restriction on the beam assumptions being used in each slot
· For FR2, up to each company, e.g., gNB equally schedule the slots for UEs targeting to different beams. 
· Note: the assumptions does not necessary mean to restrict or precluded any implementation. Other assumptions are not precluded and can be reported by companies.
· Company to report the used assumption for the interruption and also power savings impact due to presence/absence of interruptions .

Agreements:
Legacy traffic models in TR38.840 can be considered for Rel-17 DCI-based power saving adaptation evaluation, other traffic models can be optionally modelled and company report which traffic model(s) is used.


Based on the agreements, we have the following simulation parameter assumptions:
	Simulation parameters
	Value

	DRX cycle
	C-DRX cycle: 160ms.
Inactivity timer: 20ms.
On duration timer: 8ms.

	Traffic model
	FTP model 3
Mean inter-arrival time: 200 ms.
Packet size: 0.5 Mbytes.

	K0 (Cross-slot scheduling offset)
	1

	WUS
	DCP offset  to DRX ON = 2 ms.

	Relative Power of WUS monitoring
	60

	Duplex mode
	TDD

	Subcarrier spacing (SCS)
	30Khz

	Number of carrier
	1CC

	System Bandwidth
	100MHz
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