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1. Introduction
In Rel-17, there is a UE power saving WID agreed in RAN 86 [1]. In RAN1#103-E, The following options are agreed to be further considered.
Agreements:
· Specify at least one of the following options for Rel-17 dynamic PDCCH adaptation for active time,
· Option 1: Search space set group switching,e.g., including explicit and implicit search space set group switching 
· 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
In this contribution, we  will further discuss the evaluation results for option 1 and 2 and its specification impacts.

2. [bookmark: _Hlk25060711][bookmark: _Ref498564494][bookmark: _Hlk521582650]Evaluation of SS switch and PDCCH skipping
Based on the agreements adopted in the previous meetings, we give the following evaluations for the two potential schemes, i.e. SS switching and PDCCH skipping for the purpose of enhance DCI-based power saving adaptation in connected mode. Table 1 describes the traffic models and corresponding DRX settings for evaluation. 
[bookmark: _Hlk54086944]Table 1 The traffic models and corresponding DRX settings for evaluation.
	　
	Configuration 1:
eMBB
	Configuration 2:
intensive eMBB
	Configuration 3:
VoIP

	Traffic Model
	FTP model 3
	FTP model 3
	As defined in R1-070674.

	Packet size
	0.5 Mbytes
	0.15 Mbytes
	Assume max two packets bundled.

	Mean inter-arrival time
	200 ms
	30 ms
	

	DRX setting
	Cycle = 160 ms
	Cycle = 40 ms
	Cycle = 40ms

	
	IAT= 20 ms
	IAT = 10 ms
	IAT = 10 ms

	
	On duration = 8ms
	On duration = 8ms
	On duration = 8ms


 We further give the following configuration of two baselines and enhancement schemes as follow in Table 2. 
Table 2 Evaluation schemes for power saving
	Schemes
	Notes

	B1 (Baseline schemes 1), single CC, single BWP, cross-slot scheduling capable UE
	· No BWP switching
· UE monitoring PDCCH per slot in active time
· data-efficient / power-efficient period switching
· For data-efficient period
· Minimum K0 = 0
· For power-efficient period
· Minimum K0 = 1
· Switching mechanism
· by UE-specific DCI, UE applies the configuration in the next slot.
· MAC CE stop command can be used to stop the current DRX cycle’s on going PDCCH monitoring.

	B2 (Baseline schemes 2), single CC, two BWP, cross-slot scheduling capable UE
	· BWP switching between data-efficient / power-efficient BWP
· data-efficient / power-efficient BWP switching
· For data-efficient BWP
· Minimum K0 = 0
· Per slot monitoring
· For power-efficient BWP
· Minimum K0 = 1
· X slot monitoring
· Switching mechanism
· by UE-specific DCI, UE applies the configuration after BWP switching delay. Interruption power model is according to TR38.840.
· MAC CE stop command can be used to stop the current DRX cycle’s on going PDCCH monitoring.

	E1 (Enhanced scheme 1): SS switching
	· Scheduling DCI for SS switching
· PDCCH monitoring period can be adapted from per slot monitoring to X slot monitoring, 
· X = 0,2,4,8,16 slots for FR1
· data-efficient / power-efficient BWP switching
· For data-efficient BWP
· Minimum K0 = 0
· Per slot monitoring
· For power-efficient BWP
· Minimum K0 = 1
· X slot monitoring
· Switching mechanism
· UE applies the configuration in the next slot.
· MAC CE stop command can be used to stop the current DRX cycle’s on going PDCCH monitoring.
· Other configurations are same as that of B1 or B2.

	E2 (Enhanced scheme 2): PDCCH Skipping
	· Scheduling DCI for PDCCH skipping
PDCCH skipping can be 0,2,4,8,16 slots or skip until next DRX cycle, gNB dynamically indicate UE which value is used.
· Note: when gNB indicates UE to skip N slot until expire the drx_InactivityTimer, UE choose to go to deep sleep whenever possible.
· Other configurations are same as that of B1 or B2.

	Notes: 
· DCP is not modelled in the simulation, since the baseline schemes is that UE should perform RLM/BFD measurements every DRX cycle, DCP without RLM relax has little gain compared to no DCP. [R1-2005392]
· No HARQ is modelled
· RLM/BFD measurement is performed every DRX cycle based on SSB.
· In case SSB overlapped with PDCCH monitoring/PDSCH, using TR38.840 power model.
· Assumed the number of measured/total beams for RLM/BFD per DRX cycle is 2 (1 slot).
· MAC CE stop command.
· UE stop monitoring PDCCH 4ms after receiving the MAC CE command.



Based on the assumptions aforementioned, the system simulation results are shown in Table 3. 
Table 3: The power saving evaluation results for potential schemes considering MAC CE stop command
	Schemes
	Power saving gain

	Baseline
	Enhancement 
	eMBB 
(conf.1)
	Intensive eMBB 
(conf.2)
	VoIP
 (conf.3)

	Baseline B1
single CC, single BWP, cross-slot, MAC CE stop
	E1, SSGS, X=2
	2.23%;
	3.65%;
	5.87%;

	
	E1, SSGS, X=4
	3.35%;
	5.47%;
	8.80%;

	
	E1, SSGS, X=8
	3.90%.
	6.38%.
	10.27%.

	
	E1, SSGS, X=16
	8.67%.
	14.29%.
	22.74%.

	
	E2, Skip to next DRX
	18.52%
	18.87%
	31.60%

	Baseline B2
single CC, two BWP, cross-slot, MAC CE stop
	E1, SSGS, X=2
	0.49%;
	0.76%;
	1.32%;

	
	E1, SSGS, X=4
	0.73%;
	1.14%;
	1.98%;

	
	E1, SSGS, X=8
	0.85%.
	1.33%.
	2.30%.

	
	E1, SSGS, X=16
	1.87%.
	3.06%.
	5.12%.

	
	E2, Skip to next DRX
	15.51%
	16.48%
	25.16%

	
	Latency
	12ms
	8.3ms
	7.8ms



As Table 3 shown, compared with the three configurations, the most power saving gain by two enhancement schemes can obtained with VoIP traffic model. The denser data traffic is and the smaller size of data packet, the more power saving gain can be achieved. Compared to B1, the overall power saving gain of potential schemes will be lower by using B2, since B2 can further reduce more power consumption with considering BWP switching mechanism. In addition, there is the similar power saving effect by adopting either PDCCH skipping scheme (E2) or SS switching scheme (E1) based on our baseline schemes. Up to 31.6% power saving gain can be observed intuitively. As given in the last row, we can see the latency of different configurations is up to 12ms. Note that different schemes have the same average packet latency and the main latency derive from the MAC CE stop command instead of the scheme itself.
Observation 1: The similar power saving effect can be achieved by either PDCCH skipping or SS switching scheme.
Observation 2: Up to 31.6% power saving gain can be achieved PDCCH skipping to the next DRX cycle. Up to 12ms packet latency will be additionally increased meanwhile.
3. Specification impacts
1. 
2. 
3. 
3.1. Allowing scheduling DCI indicating PDCCH monitoring adaptation
Rel-16 has supported SS set switching mechanism. UE can switch to monitor SS sets in group 1 when it detects group common DCI by monitoring PDCCH on a SS set group associated with SS group 0. Such mechanism for NR-U as is to adapt the UE monitoring based on the gNB channel occupancy. However, it does not make sense for licensed band operation for power saving purpose, since there is no need to do SS set group switching when UE detects a group-common DCI format. Moreover, such power saving operation is per UE basis and more fit to be operated in UE specific manner.
Rel-16 has also supported to allow UE switch SS set group when detect any DCI. This is useful for unlicensed band. For licensed band for the purpose of traffic adaptation, a specific indication in the scheduling DCI is needed in order to allow not switching groups when the arriving packets can be delivered in one slot or a few.
Therefore, according to the above two points, it is suggested to allow scheduling DCI dynamically indicate PDCCH monitoring adaptation within an active BWP, e.g., switching SS set group
Proposal 1. Rel-17 supports scheduling DCI dynamically indicates PDCCH monitoring adaptation within an active BWP, e.g., switching SS set group(s)

3.2. SSSG with ‘Skipping’ state
According to the simulation results shown in section 2, PDCCH skipping outperforms SS switching in terms of power saving gain when it skips to the next DRX cycle (larger X). Therefore, it is proposed that PDCCH skipping should be supported in Rel-17. By also considering legacy Rel-16 SS set group switching mechanism, a simple extension to allow PDCCH skipping can be considered.
Proposal 2. Rel-17 supports scheduling DCI dynamically indicates PDCCH skipping for a certain duration.

In order to reuse legacy Rel-16 SS group switching mechanism, it is proposed to introduce a new SSSG (SS set group) which does not monitor any PDCCH, a.k.a., PDCCH skipping. As shown in Figure 1, a new SSSG called ‘skipping’ SSSG is added. 
And based on SS group set switching, 
· SS set group#0 can be configured with sparse or normal PDCCH monitoring occasions to realize reduced PDCCH monitoring 
· SS set group#1 can be configured with dense PDCCH monitoring occasions to realize reduced scheduling latency
· An ‘skipping’ SSSG can be configured with no PDCCH monitoring occasions to realize PDCCH skipping function -> No PDCCH MOs
· The ‘skipping’ SSSG can be configured as group#2 in that case, a tri-states switching is allowed.
· Also, the ‘skipping’ SSSG can also be considered as group #1 so that switching between normal group 0 and skipping group (group #1) is also useful.

Proposal 3: a new ‘skipping’ SSSG group can be configured for scheduling DCI based SSSG switching. FFS whether and how the number of configured SSSG can be 2 or 3.
3.3. Triggering SSSG switching
In order to triggering SSSG switching, the following similar mechanism (compared to Rel-16 unlicensed band for format 2_0) can be consider,
1) Scheding DCI triggered SSSG switching
· search-space group switching (SSGS) bit(s) in a UE specific DCI (such as DCI format x_1/x_2) 
· ‘0’ : starts monitoring PDCCH according to search space sets with group index 0 and stop group index 1
· ‘1’ : starts monitoring PDCCH according to search space sets with group index 1 and stop group index 0
· FFS: more bits for extending more than 2 SS set groups
2) A duration indicated by scheduling DCI 
· E.g., UE switch from 1 to 0 after a last symbol of a remaining duration indicated by scheduling DCI
In Rel-16, format 2_0 can indicate a COT duration and after a last symbol of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0, UE switch back from group # 1 to group # 0. 
Allowing similar time duration indicated by scheduling DCI is useful, especially for PDCCH skipping. The UE can be indicated to switch to a ‘skipping’ SSSG by scheduling DCI a, and also indicate a time duration. Therfore during the duration, UE may not monitoring PDCCH anymore. And after the last symbol of a remaining duration, the UE is automatically switch back to default SSSG and continue monitoring PDCCH.
3) RRC configured timer for switching
· E.g., UE switch from 1 to 0 at the beginning of the first slot that is at least  symbols after a slot where the timer expires. 
4) Non-scheduling DCI triggered SSSG switching
For ‘skipping’ SSSG (e.g., group 1), no scheduling DCI can be received. Only timer based switching is allowed. However, in order to allow UE switch back to monitoring PDCCH as soon as possible, non-scheduling DCI based triggering can be considered. For example, when UE received a DCI in CSS/USS not in any group(s) with particular RNTI scrambled (e.g., C-RNTI), UE stop monitoring group 1 and start monitoring SS set group 0
An illustration of the above 4 triggering mechanism is shown in Figure 1.
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(1) Tri-groups SSSG
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(2) dual-groups SSSG
Figure 1. Adding ‘Skipping’ group for SSSG
Proposal 4, Rel-17 supports the following mechnisms for SSSG swithing
· Scheme 1: Scheduling DCI triggered SSSG switching
· SSGS bit(s) in a UE specific DCI (such as DCI format x_1/x_2) 
· ‘0’: starts monitoring PDCCH according to search space sets with group index 0 and stop group index 1
· ‘1’: starts monitoring PDCCH according to search space sets with group index 1 and stop group index 0
· FFS: more bits for extending more than 2 SS set groups
· Scheme 2: A duration indicated by scheduling DCI
· UE switch back SSSG after a last symbol of a remaining duration indicated by scheduling DCI
· Scheme 3: RRC configured timer for switching
· Scheme 4: Non-scheduling DCI triggered SSSG switching
· FFS whether and how the schemes are applied for a switching between two SSSG(s).
4. Update of Rel-16 Evaluation methodology and traffic models for power saving in connected mode
4.1. Traffic models
In [3], the traffic models are listed in Table 4. Mean inter-arrival time for FTP traffic	and Instant messaging (IM) is relatively large, e.g., >= 200ms. 160ms CDRX long cycle is suitable for FTP and IM. For VoIP, the Mean inter-arrival time for voice packets is 20ms and 40ms CDRX long cycle is suitable for VoIP assuming 2-packet bundling. However, the packet arrival for VoIP is periodic. 

Table 4. Traffic models for R16 UE power saving
	
	FTP traffic
	Instant messaging
	VoIP

	Model
	FTP model 3
	FTP model 3
	As defined in R1-070674.
Assume max two packets bundled.

	Packet size
	0.5 Mbytes
	0.1 Mbytes
	

	Mean inter-arrival time
	200 ms
	2 sec
	

	DRX setting
	Period = 160 ms
Inactivity timer = 100 ms
	Period = 320 ms
Inactivity timer = 80 ms

	Period = 40 ms
Inactivity timer = 10 ms


It is more challenging in power saving for services with smaller mean inter-arrival time (e.g., <100ms) and random packet arriving. Gaming is such kind of service and is studied in Rel-16 power saving SI phase. 

In order to simplify the gaming traffic model with existing FTP model 3, the following reusing FTP Model 3 with modified mean inter-arrival time (e.g., online gaming) can be considered,
	
	Modified FTP traffic 3 

	Model
	FTP model 3

	Packet size
	0.1 Mbytes

	Mean inter-arrival time
	50 ms

	DRX setting
	Period = 40 ms



Proposal 5: A modified traffic model inter-arrival time can be considered in for power saving evaluation. 
· reusing FTP Model 3 with modified mean inter-arrival time(e.g., online gaming)
	
	Modified FTP traffic 3 

	Model
	FTP model 3

	Packet size
	0.1 Mbytes

	Mean inter-arrival time
	50 ms

	DRX setting
	Period = 40 ms


5. Conclusion
In this contribution, the following observation and proposals are presented,
Observation 1: The similar power saving effect can be achieved by either PDCCH skipping or SS switching scheme.
Observation 2: Up to 31.6% power saving gain can be achieved PDCCH skipping to the next DRX cycle. Up to 12ms packet latency will be additionally increased meanwhile.
Proposal 1. Rel-17 supports scheduling DCI dynamically indicates PDCCH monitoring adaptation within an active BWP, e.g., switching SS set group(s)
Proposal 2. Rel-17 supports scheduling DCI dynamically indicates PDCCH skipping for a certain duration.
Proposal 3: a new ‘skipping’ SSSG group can be configured for scheduling DCI based SSSG switching. FFS whether and how the number of configured SSSG can be 2 or 3.
Proposal 4, Rel-17 supports the following mechnisms for SSSG swithing
· Scheme 1: Scheding DCI triggered SSSG switching
· SSGS bit(s) in a UE specific DCI (such as DCI format x_1/x_2) 
· ‘0’ : starts monitoring PDCCH according to search space sets with group index 0 and stop group index 1
· ‘1’ : starts monitoring PDCCH according to search space sets with group index 1 and stop group index 0
· FFS: more bits for extending more than 2 SS set groups
· Scheme 2: A duration indicated by scheduling DCI
· UE switch back SSSG after a last symbol of a remaining duration indicated by scheduling DCI
· Scheme 3: RRC configured timer for switching
· Scheme 4: Non-scheduling DCI triggered SSSG switching
· FFS whether and how the schemes are applied for a switching between two SSSG(s).
Proposal 5: A modified traffic model inter-arrival time can be considered in for power saving evaluation. 
· reusing FTP Model 3 with modified mean inter-arrival time(e.g., online gaming)
	
	Modified FTP traffic 3 

	Model
	FTP model 3

	Packet size
	0.1 Mbytes

	Mean inter-arrival time
	50 ms

	DRX setting
	Period = 40 ms
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