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1 Introduction

In RAN1#104-e meeting, a common design supporting both search space set group (SSSG) switching and PDCCH skipping was adopted for DCI based PDCCH monitoring adaptation in active time for an active BWP [1]. Furthermore, two alternatives for the common design were agreed in [1], i.e. 

1) enhancement of Rel-16 SSSG switching to support PDCCH monitoring adaptation including skipping for a duration and 
2) enhancement of DCI(s) utilized for Rel-16 power saving adaptation for supporting both skipping PDCCH monitoring for a duration and SSSG switching, 

The advantages and disadvantages for the potential schemes are analyzed in [2]. In this contribution, the power saving gain and latency of the schemes for the single design and common design mentioned in [2] are evaluated respectively, and some suggestions of PDCCH adaptation configuration which can help UE to achieve better power saving performance are provided. 

2 Evaluation and analysis for the potential PDCCH adaptation schemes 
To obtain a unified configuration, the baseline, PDCCH skipping, SSSG switching and the scheme for common design with different configurations are introduced for the evaluation shown as below. Simulation assumptions and traffic models can be found in A.1 and A.2 in Appendix, respectively. 

· Baseline 

In the baseline, several techniques such as DRX, BWP switching, maximum number of MIMO layer adaptation, cross-slot scheduling are considered. The BWP configurations are shown in Table 1. More detailed simulation assumptions can be found in A.1 in Appendix. 

Table 1 BWP setting

	BWP setting
	BWP for power saving
	BWP for data scheduling

	Frequency range
	FR1
	FR1

	Bandwidth(MHz)
	20
	100

	Maximum DL MIMO layer
	2
	4

	Same/Cross-Scheduling
	Cross-slot scheduling
	Same-slot scheduling

	PDCCH monitoring duration
	1 slot

	PDCCH monitoring periodicity
	2 slots
	1 slot

	BWP inactivity timer 
	30ms for FTP and FTP100, 20ms for VoIP and Data-intensive traffic model


· PDCCH skipping

Besides the configurations of baseline, the PDCCH skipping triggered by scheduling DCI is introduced. The skipping duration is set as the value of DRX inactivity timer (DRX IAT) corresponding to each traffic model. When the UE is triggered to perform PDCCH skipping, the UE shall stop monitoring PDCCH during the skipping duration.

· SSSG switching

Besides the configurations of baseline, the SSSG switching triggered by scheduling DCI is introduced. The UE is provided two SSSGs which include a sparse SSSG0 with (ks0, Os0, Ts0) = (DRX IAT, 0, 1 slot) and a dense SSSG1 with (ks1, Os1, Ts1) = (1, 0, 1) slot corresponding to each traffic model. The configuration of SSSG0 can ensure that the absolute number of PDCCH monitoring occasions during DRX active time reduced by SSSG switching is almost equal to that reduced by PDCCH skipping. When the UE is triggered to perform SSSG switching, the UE shall stop monitoring PDCCH according to the current SSSG and start monitoring PDCCH according to the other SSSG.

· Common design

Besides the configurations of baseline, two SSSGs and PDCCH skipping for a duration are provided for the UE. The UE can be triggered by scheduling DCI to switch to perform PDCCH monitoring according to SSSG or PDCCH skipping. There are two kinds of configurations of the two SSSGs and the skipping duration for the common design as shown in Table 2. The Config. 1 has one sparse SSSG, a more sparse SSSG and the skipping duration=DRX IAT and the Config. 2 has one dense SSSG, one sparse SSSG and the skipping duration=DRX IAT.
Table 2 Configurations for the common design
	Parameter 
	Config. 1
	Config. 2

	(ks0, Os0, Ts0) for SSSG0
	(16, 0, 1) slots
	(16, 0, 1) slots

	(ks1, Os1, Ts1) for SSSG1
	(5, 0, 1) slot
	(1, 0, 1) slot

	Skipping duration
	DRX IAT


According to the above simulation assumptions, the power saving gain and the mean latency for FTP3, VoIP and data-intensive traffic models are shown in Figure 1 and Figure 2, respectively. 
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	a. FTP3 traffic model
	b. VoIP traffic model
	c. Data-intensive traffic model


Figure 1 Power saving gain for the PDCCH adaptation schemes
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	a. FTP3 traffic model
	b. VoIP traffic model
	c. Data-intensive traffic model


Figure 2 Mean latency for the PDCCH adaptation schemes

For the single design, i.e. the two schemes of PDCCH skipping (e.g. denoted as ‘(1) sl.+20ms’ for FTP3 traffic model with the configuration of one PDCCH monitoring per slot and skipping duration 20ms) and SSSG switching (e.g. denoted as ‘(40,1) sl.’ for FTP3 traffic model with the configuration of PDCCH monitoring per 40 slots and PDCCH monitoring per slot) as mentioned above, it can be seen from Figure 1 that the power saving gain for PDCCH skipping is larger than that for SSSG switching. The reason is that the UE does not need to monitor any PDCCH during the skipping duration which can help the UE to go to deep sleep mode. However, UE needs to monitor PDCCH with one-slot occasion according to the configuration of sparse SSSG0, and the location of the one-slot PDCCH monitoring occasion is randomly relative to the transmission occasion of DCI indication triggering SSSG switching. Therefore, the UE cannot go to the deep sleep because the active time is split by the PDCCH monitoring occasion of SSSG0.

Observation 1: Under the configurations with the same number of reduced PDCCH monitoring occasions during a DRX cycle, PDCCH skipping can save more power consumption than SSSG switching.
For the common design, i.e. the two schemes with Config. 1 (e.g. denoted as ‘(16, 5) sl.’ for FTP3 traffic model) and Config. 2 (e.g. denoted as ‘(16, 1) sl.’ for FTP3 traffic model) respectively, it is observed from Figures 1 and 2 that power saving gain for the Config.1 scheme is lower than that for the Config.2 scheme for FTP3 traffic model and data-intensive traffic model. It is because that for FTP3 traffic model and data-intensive traffic model, the UE may need to process a larger number of data packets during a DRX cycle, e.g. 5 continuous data arrival for FTP3 traffic model or a denser data arrival for data-intensive traffic model. The sparser PDCCH monitoring occasion, i.e. SSSG1 of Config.1 scheme, will extend the data processing time which results in a shorter sleep time for the UE during a DRX cycle and reducing the chance of using PDCCH adaptation function. However, for VoIP traffic model, the data packets can be bundled to be processed by the UE. The data processing time for VoIP traffic model is much less than that for FTP3 traffic model and data-intensive traffic model, so that the power saving gain for Config.1 scheme is larger than that for Config.2 scheme. Therefore, for traffic model with dense data arrival or large packet size, a SSSG with dense PDCCH monitoring configuration should be proposed.
Observation 2: For the common design, the configuration of SSSGs achieving the most significant power saving gain is different for different traffic models.
Proposal 1: For traffic model with dense data arrival or large packet size, a SSSG with dense PDCCH monitoring configuration should be supported.

3 Potential schemes for common design
According to the evaluation and analysis on the two configuration patterns for common design in section 2, the following schemes for common design are discussed.

· Alt 1: enhancement of Rel-16 SSSG switching including PDCCH skipping function
It is suggested that the PDCCH skipping can be implemented by configuring a ‘skipping’ SSSG for the UE. When the UE is triggered to switch to a ‘skipping’ SSSG, the UE perform PDCCH skipping according to the ‘skipping’ SSSG. Some potential methods to implement the PDCCH skipping are listed as follows:

· Configure a timer as the skipping duration when UE switches to a ‘skipping’ SSSG;
· Set the maximum PDCCH periodicity of all of SSSs in a specific SSSG as the skipping duration;
· Configure a skipping duration from a list of candidate skipping duration values for the ‘skipping’ duration. 
According to the above analysis in section 2, the values of search space set parameters and monitoring pattern are not as flexible as PDCCH skipping for a duration, so the skipping duration values for the ‘skipping’ SSSG should be configured independently by a new RRC signaling which is different from the configuration of search space set.

Observation 3: For Alt 1, in order to achieve better flexibility, the skipping duration for ‘skipping’ SSSG should be configured independently by a new RRC signaling which is different from the configuration of search space set.
For example, the UE is provided three SSSGs including a sparse SSSG0, a dense SSSG1 and a ‘skipping’ SSSG2. The PDCCH adaptation procedure is shown in Figure 3. The SSSG switching between SSSG0 and SSSG1 is triggered by DCI indication, a timer triggering event and DCI triggering event in black lines. The PDCCH adaptation from SSSG0 or SSSG1 to ‘skipping’ SSSG2 is triggered by DCI indication in blue lines. The PDCCH adaptation from ‘skipping’ SSSG2 to SSSG0 is triggered by the end of skipping duration in red lines. If the SSSG1 is set as the default SSSG, the UE shall switch to SSSG1 after the end of skipping duration in gray lines.
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Figure 3 SSSG switching among three SSSGs
· Alt 2a: enhancement of DCI(s) utilized for Rel-16 power saving adaptation 
A simple PDCCH adaptation procedure is shown in Figure 4. Herein, two SSSGs (where SSSG0 corresponding to a sparse PDCCH monitoring behavior is configured as the default SSSG) and PDCCH skipping with two available duration values are introduced. The SSSG switching between two SSSGs reusing Rel-16 SSSG switching mechanism is omitted in Figure 4. The PDCCH adaptation from SSSG monitoring to PDCCH skipping is triggered by DCI indication and a skip timer event in black lines. The PDCCH adaptation from PDCCH skipping to SSSG monitoring is triggered by the end of skipping duration in blue lines. Therein the UE sets the skip timer and starts monitoring PDCCH according to SSSG0 after the end of skipping duration. 
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Figure 4 DCI based PDCCH adaptation
In NR-U, the SSSG switching is triggered by DCI format 2-0 which is a group-common DCI. A group-common DCI may not fit in all of the UEs’ traffic requirements in active time to achieve the best power saving performance. Therefore, for NR Rel-17 UE power saving in active time, scheduling DCI, i.e. DCI format 0-1 and 1-1, and DCI 0-2 and 1-2, is more suitable for the UE-specific traffic requirements and is proposed to trigger SSSG switching and PDCCH skipping for a duration. To provide a unified bit-field design for PDCCH adaptation among a number of SSSGs and PDCCH skipping for various duration values, an enabling field used to enable one of the indication information of SSSG switching and PDCCH skipping is introduced. Because the UE cannot perform SSSG monitoring and PDCCH skipping at the same time, the SSSG switching indication and PDCCH skipping indication can multiplex one indication field as shown in Figure 5. For example, if the PDCCH skipping is enabled by the 1-bit enabling field, the bit(s) after the enabling filed is used to indicate PDCCH skipping for a skipping duration selected from some candidate values. 
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Figure 5 Example for DCI based PDCCH adaptation indication
Proposal 2: To adapt various UEs’ traffic requirements, UE-specific DCI format can be used to trigger PDCCH adaptation. 
4 Conclusion

In this contribution, we have the following observations.

Observation 1: Under the configurations with the same number of reduced PDCCH monitoring occasions during a DRX cycle, PDCCH skipping can save more power consumption than SSSG switching.

Observation 2: For the common design, the configuration of SSSGs achieving the most significant power saving gain is different for different traffic models.
Observation 3: For Alt 1, in order to achieve better flexibility, the skipping duration for ‘skipping’ SSSG should be configured independently by a new RRC signaling which is different from the configuration of search space set.
Proposal 1: For traffic model with dense data arrival or large packet size, a SSSG with dense PDCCH monitoring configuration should be supported.

Proposal 2: To adapt various UEs’ traffic requirements, UE-specific DCI format can be used to trigger PDCCH adaptation. 
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Appendix

A.1: Simulation assumptions
In this contribution, only FR1 is evaluated. The following Rel-15 / 16 features of the power saving solutions are used as the baseline. 
· DRX

· C-DRX cycle 40msec for Data-intensive traffic
· 10ms IAT, 8ms On-duration

· C-DRX cycle 40msec for VoIP

· 10ms IAT, 8ms On-duration

· C-DRX cycle 160msec for FTP 3

· short DRX

· 20 ms IAT, 8ms On-duration

· 20 ms for short DRX cycle, 4 cycles

· DCP for DRX adaptation for baseline with DCP,

· The minimum time gap before DRX OnDuration is 1 slot for FR1
· Power unit is 50 for WUS.
· BWP switching, including

· BWP for power saving:

· Bandwidth: 20MHz

· Max # of MIMO layer: 2 layer
· Scheduling technique: cross-slot scheduling(Minimum K0 is 1)
· PDCCH monitoring period: per 2 slots
· BWP for data scheduling: 

· Bandwidth: 100MHz

· Max # of MIMO layer: 4 layer
· Scheduling technique: same-slot scheduling(Minimum K0 is 0)
· PDCCH monitoring period: per slot
· Note: 

· BWP for power saving is a default BWP without data scheduling and BWP for data scheduling is used for data transmission. For example, when data packet arrives, UE is indicated by DCI to switch to BWP for data scheduling to perform DL/UL data transmission. UE will fall back to BWP for power saving after BWP inactivity timer expires
· Type 2 BWP switch delay is assumed

· BWP switching is Y (ms) after last packet/data burst.

· Y is 30 for FTP and 20 for VoIP 

· The CSI-RS measurement and reporting are also considered in the simulation assumption.
·  For CSI-RS measurement, the periodicity is equal to max (C-DRX cycle, 160ms). The CSI-RS measurement duration is one slot.
·  The UE performs CSI-RS measurement in the active BWP.

A.2: Traffic models
In this contribution, FTP 3 and VoIP traffic models are used. 

Table A.1 Traffic model
	Traffic model
	FTP3
	VOIP
	Data-intensive traffic 

	Model
	FTP model 3
	As defined in R1-070674.

Assume max two packets bundled.
	FTP model 3

	Mean arrive time
	200ms
	
	50ms

	Payload
	0.5Mbytes
	
	0.1Mbytes


A.3: Simulation results
Table A.2 Mean power consumption with DCP configuration 
	Mean power consumption
	Baseline
	PDCCH skipping
	SSSG switching
	Config.1 for common design
	Config.2 for common design

	FTP 
	24.78
	17.35
	19.25
	18.73
	17.14

	VoIP
	37.55
	24.11
	28.14
	22.98
	24.11

	Data-intensive traffic
	38.43
	25.30
	29.56
	25.64
	25.24



6/6


