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1. [bookmark: _Ref298777854]Introduction
In RAN1#AH_1901, the following agreements are reached [1].
Agreements:
· For evaluation, when BWP transition duration is one slot or longer, the slot-average power level is 50 power units
· In case when BWP transition duration is <one slot (if defined), up to each company to report the power level assumed
· Companies to report the type of BWP transition time (type 1 and/or type 2) assumed in the evaluation
Agreements:
· For evaluation purpose, it is assumed that a periodicity of max(DRX cycle, [160 msec]) is the baseline for periodic activities, e.g. time/frequency, channel or beam tracking (if applicable)
· Other periodicity values are not precluded – companies to report if other values are assumed
· Companies to report detailed assumptions, e.g. the resources used, the relative timing relationship between DRX cycle and periodic activity, whether and how UL reporting is done, etc.
Agreements:
The general procedure for the study of UE adaptation to the DRX operation  is as follows,
· UE adaptation of its behavior to the DRX operation for UE power consumption reduction 
When is configured with power saving signal/channel, power saving signal/channel asthe indication whether to wake up or not before or at the beginning of DRX ON duration
· At least for the indication of PDCCH monitoring
· Preparation period is used for ,( e.g., to perform channel tracking, CSI measurements, beam tracking), 
· Preparation period can be used In preparation for the PDCCH/PDSCH decoding 
· Preparation period could be before or during the DRX ON duration
· Network can indicate UE to report CSI before or after the power saving signal/channel (if configured) during the preparation period 
· Network can indicate additional RS transmission (e.g., CSI-RS, TRS, SSB and power saving signal) at the preparation period 
· Go-to-sleep signaling as the indication allowing UE going  to sleep state, e.g.,
· MAC-CE 
· DCI 
· Power saving signal/channel
· Constraints on scheduling DCI during DRX_ON
Agreements:
The UE BWP adaptation is to dynamically switch the BWP by gNB based on e.g. the traffic to support efficient operation of BWP switching in reducing the UE power consumption.  
The UE power saving schemes for the UE adaptation in frequency domain for further study are as follows, 

· BWP -  UE adaptation to different BWP
· RS to assist UE channel tracking and measurements to assist BWP switching  
· The assistance may also include CSI measurements (UE processes one BWP at a time)
· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching
· Association of BWP and DRX 
· UE assistance information could be considered
Agreements:
· DL power saving signal and/or channel is beneficial at least in some use cases and is thus supported for UE power consumption savings
· Detailed FFS, e.g., detailed mechanisms (including reusing existing signal/channel, or a new one), purpose(s) (wake-up and/or go-to-sleep, etc.), etc.
Agreements:
The performance evaluation of the power saving signal/channel should target the miss detection at X% and the false alarm rate at Y% with the following aspects identified for the proposed power saving signal/channel
· The target of miss detection X% and the false alarm rate at Y% as baseline for evaluation
· For power saving signal/channel for wake-up purpose, X=[0.1] and Y=[1]
· For power saving signal/channel for go-to-sleep purpose, X=[1] and Y=[0.1]
· Additional X and Y values are not precluded for the proposed power saving signal/channel based on the use cases and scenarios
· For any other purpose(s) of power saving signal/channel, companies to report X & Y values
· The target of miss detection would be different depending on the behaviour of miss detection of power saving signal/channel.
· If miss detection behaviour is defined as no subsequnt PDCCH reception, low miss detection rate is required in order to avoid increased latency of missed chance of the scheduling.
· If miss detection behaviour is defined as subsequent PDCCH reception, low miss detection rate is not required. If the network is congested and power saving signal is not transmitted, UE behaves as if power saving signal is not configured. 
· The miss detection performance when multiple power saving signal/channel are multiplexed on the same resource, when applicable
· The performance of the power saving signal/channel should assume realistic implementation limitations, e.g., by using realistic channel estimation and time/frequency offset estimation, etc.
Agreements:
· Companies are encouraged to consider the following aspects for the purpose of the power saving signal/channel design,
· The multiplexing capability
· Include total number of UEs supported
· The resource overhead in achieving the power saving
· The behaviour when miss detection/false alarm happens
· Multiplexing with other signals/channels
· Number of information bits
· Complexity
· Power consumption
Agreements:
· For IDLE/INACTIVE state, at least the following power components are recommended to be considered for RRM measurement power saving evaluation
· Loop convergence (AGC, TTL & FTL) / time-frequency tracking
· How many SSB bursts are used for Loop convergence, with consideration of being potentially confined in the same SSB burst or different SSB bursts for serving cells and neighboring cells measurement/ time-frequency tracing
· FFS: The power value for loop convergence /time-frequency tracking is as the same as SSB processing.
· Paging 
· SIB1 decoding (PDCCH+PDSCH)
· Neighbor cell search (within SMTC), if any
· SSB measurement  (serving cell only / severing cell and neighboring cells, if any)
· Sleep
· For CONNECTED state, at least the following power components are recommended to be considered for RRM measurement power saving evaluation,
· Loop convergence (AGC, TTL & FTL) / time-frequency tracking
· How many SSB bursts are used for Loop convergence, with consideration of being potentially confined in the same SSB burst or different SSB bursts for serving cells and neighboring cells measurement/ time-frequency tracing
· Based on SSB and/or TRS(if configured)
· PDCCH-only monitoring during active time
· SSB measurement  (serving cell only / severing cell and neighboring cells, if any)
· Neighbor cell search (within SMTC), if any Sleep
In this contribution, some evaluation results of several schemes are provided.
1. Modeling and preliminary results 
The following simplified assumptions are made for evaluation unless otherwise stated: Power modelling reference configuration for FR1, peak throughput, 100MHz DL BWP, 10-symbol PDSCH (one symbol occupied by DMRS), capable of carrying 868584 information bits per slot. All packets can be successfully decoded on the first transmission, i.e., no HARQ retransmission. It’s further assumed that no UL slot or short DRX. Single user is assumed. The CDRX configuration is represented as “ CDRX cycle period - Inactivity timer - ON duration”.
1.1 Evaluation for bandwidth
In this simulation, we use various assumptions on the packet size and bandwidth. The results in Figure 1 shows the average power consumption of 1 slot with different packet size in different bandwidth. FTP model 3 (0.1 Mbytes packet size, mean inter-arrival time 200msec) is used. CDRX cycle is configured as 160-100-8. It is as that power scaling due to BWP adaptation (applied to PDCCH-only, SSB, TRS, etc) would be no less than 50.
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Figure 1 Simulation of bandwidth
From the simulation results, we have the following observation. Different size of packet have a different optimal bandwidth, UE power consumption in this optimal BWP is minimum. The determination of the optimal BWP does not solely depend on bandwidth of the BWPs. It should be noted that in our simulation assumption, the power consumption of small BWP is limited by the power of BWP switch, the power saving gain of 20MHz BWP is slightly greater than that of 40MHz when traffic packet is small.
[bookmark: OLE_LINK16]Observation 1: Different sizes of packet have a different optimal bandwidth, UE cost a minimum of power in this optimal bandwidth. 
1.2 Evaluation for PDCCH
PDCCH monitoring reduction can be realized by adapting the PDCCH monitoring periodicity. In this evaluation, we dynamic change search space configuration of PDCCH. 
Table 1 Simulation results for PDCCH
	
	
	Baseline
	Scheme1[2]
	Scheme2[3] 

	FTP traffic
	Average power
	44.2339
	32.9874
	36.6267

	
	Power saving gain
	0
	25.43%
	17.20%

	Instant Message
	Average power
	8.4817
	6.2894
	6.7141

	
	Power saving gain
	0
	25.85%
	20.84%


From the simulation results, we have the following observation. Dynamic change PDCCH search space period can reduce UE power consumption. The power saving gain of Scheme1 is about 25% both for FTP traffic model and Instant Message traffic model.The detail of simulation scheme is shown in Appendix A.
The detail of Scheme1 can be find in [2].
Observation 2: Dynamic change search space configuration of PDCCH can get large power saving gain.
1.3 Evaluation for power saving signal
3.  Evaluation for GTS
In this simulation, we evaluate the scheme of GTS [4]. GTS signaling can indicate sleep duration to induce micro-sleep within configured ON duration of DRX cycle. Assume GTS signaling may indicate sleep duration of 2ms, 4ms, 8ms, 16ms. Assume GTS is set on the fourth slot of ‘On duration’ in every CDRX cycle. If there is no DL grant when receiving the GTS signal, UE goes to a sleep state with a duration of 2ms/4ms/8ms/16ms. FTP model 3(0.1 Mbytes packet size, mean inter-arrival time 200msec) is used. 
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Figure 2 average power consumption of 1 slot of GTS
From the simulation results, we have the following observations. GTS has a good performance for UE power saving.  The sleep duration indicated by GTS of 2ms and 4ms have little change of power consumption and the sleep duration of 8ms and 16ms also have little change of power consumption. But sleep duration of 8ms can save more power because of UE can go to light sleep when sleep duration is larger than 6ms. So the sleep duration indicated by GTS should be chosen carefully. Figure 3 shows the additional latency of GTS. The calculation formula is (GTS latency/Baseline latency-1)*100. The more time GTS indicate UE to sleep the more latency is added.
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Figure 3 average additional latency of GTS
Observation 3: GTS has a good performance for UE power saving. The sleep duration indicated by GTS have some impact on the performance of power saving.
[bookmark: OLE_LINK3]Proposal 1: If GTS is studied, the sleep duration indicated by GTS should be chosen carefully.
3.  Evaluation for wake-up signal/channel
In this section, we evaluate several schemes of wake-up signal/channel. The detail of simulation configuration is shown in Appendix A. Assume the wake-up signal/channel state cost 50 units power consumption in one slot. 
Table 2 Simulation of wake-up signal/channel
	
	
	Baseline
	Scheme3[5]
	Scheme4[5]
	Scheme5[3]
	Scheme6[6]
	Scheme7[7]

	FTP traffic
	Average power
	43.6733
	40.7037
	40.5305
	40.1703
	40.8373
	39.7921

	
	Power saving gain
	0
	6.8%
	7.2%
	8.02%
	6.49%
	8.89%

	Instant Message
	Average power
	8.3898
	5.7991
	5.6691
	5.3340
	5.8532
	5.0392

	
	Power saving gain
	0
	30.8792%         
	32.4287%
	36.4228% 
	30.2343%
	39.9366%



From the simulation results, the Scheme 7 has better power saving performance. This is because Scheme 7 can reduce the number of SSB/TRS/CSI_RS measurements.
Observation 4: The two-level PS signal structure with the form of PS signal 1+PS signal 2 proposed by Scheme 7 have a better performance of power saving. 
Proposal 2: The two-level PS signal structure with the form of PS signal 1+PS signal 2 proposed by Scheme 7 should be studied.
3.  Association of BWP, PS signal and DRX operation
In this simulation, BWP inactivity timer is set as 2ms, BWP switch time is set as 1ms for every switch. It is assumed that a periodicity of SSB measurement of max(DRX cycle, [160 msec]) is the baseline for periodic activities. SSB is measured in the BWP which is activated. Small BWP is set 10MHz, and large BWP is set 100MHz. UE switching from small BWP to large BWP will trigger a BWP inactivity timer. UE will switch to the small BWP after BWP inactivity timer expired.  A limitation that power scaling due to BWP adaptation (applied to PDCCH-only, SSB, TRS, etc) would be no less than 50. The calculation formula of average latency is (total latency/packet number).
[bookmark: OLE_LINK4]Table 3 Simulation of association of BWP, PS signal and DRX  
	
	
	Baseline
	Scheme8[8]
	Scheme9[7]

	FTP traffic
	Average power
	43.6733
	24.2251
	24.1489

	
	Power saving gain
	0
	44.5311%  
	44.7056%

	
	Average latency(ms)
	29.1530      
	36.6033
	36.3194

	Instant Message
	Average power
	8.3898
	3.7816
	3.8012

	
	Power saving gain
	0
	54.9262%  
	54.6926%

	
	Average latency(ms)
	145.439
	159.8788 
	155.0303



From the simulation results, we have the following observations. The power saving gain of combining the techniques of power saving signal, BWP transition and DRX is at least 44%. Since most PDCCH monitored at small BWP, the technique has good power saving performance. Scheme 8 and Scheme 9 has similar power saving performance. But the PS signal location of Scheme8 is farther from ‘DRX on’ than Scheme 9, which may cause more latency. The detail of simulation scheme is shown in Appendix A.
Observation 5: Association of BWP, PS signal and DRX has 44% power saving gain for FTP traffic model and 54% power saving gain for Instant Message model.
Observation 6: Association of BWP, PS signal and DRX cause more latency, and Scheme 8 causes larger latency than Scheme 9.
3. Link level simulations for PS signal/channel
In this section, we provide some link level simulations of PoSS(power saving signals/channel) over TDL-C channel.
2.3.4.1 Simulation results
In this section,we mainly evaluate the performance of PDCCH with coding as NR rel-15(including encoding and decoding), and the PN sequence( of length 108 and 216) used by CSI-RS. The simulation parameters are listed in table 4. And the simulation results are shown below.
Table 4 simulation parameters
	parameters
	values

	Target false alarm rate
	0.01

	Target miss detection rate
	0.001

	Antenna configurations
	2Tx2Rx

	Fading channel
	TDL-C 300ns
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Figure 4. MDR and FAR performance over TDL-C 300ns
The performance of PDCCH and CSI-RS over TDL-C 300ns is shown in Figure 4. From Figure 4, it can be seen, both CSI-RS and PDCCH can satisfy the MDR and FAR requirements. With CRC bits for error detection, the FAR of PDCCH could be around 10-6. The MDR performance of CSI-RS is even better than that of PDCCH. Note the payload for PDCCH is 12 bits. If the payload bits are reduced, the MDR performance of PDCCH will be better, i.e. the curves of PDCCH will be shifted downwards. But with reference to NR Rel-15, “If the number of information bits in a DCI format is less than 12 bits, zeros shall be appended to the DCI format until the payload size equals 12.” ,so if we reuse the current structure of PDCCH, the payload size should be no less than 12.
We can infer that, by increasing the detection threshold of CSI-RS, the FAR will be lower, and the MDR will be higher accordingly, the curves of CSI-RS will be shifted upwards.
Observation 7: Both CSI-RS and PDCCH can satisfy the MDR and FAR requirements.
1.4  Simulation for RRM measurement
In this section, the power consumption of RRM measurement for both RRC_Idle/Inactive state and RRC_ Connected state are presented. And a summary of the power saving gain with each scheme is given in Appendix D.
2.4.1 RRC_Idle state
In RRC_Idle state, UE mainly performs two operations, which are RRM measurement and paging monitoring. Different measurement behaviors can affect the power consumption of the UE. In the following simulation of the RRC_Idle/Inactive state, if not noted separately, the simulation assumptions are shown in Appendix B. The UE energy consumption with different configuration are done by numerical simulation. 
Offset between SMTC window and DRX ON duration
SMTC is cell-specific configuration, while the DRX configuration is UE-specific. In most cases, the SMTC window and the DRX ON duration are not aligned in time due to the short ON-Duration. Therefore, UE need to wake up from sleep dedicated for RRM measurement. And the power consumption caused by the transition from the deep/light sleep is non-negligible. If the SMTC window and the DRX ON duration can be aligned, there will be some power saving gain obtained. Table 5 shows the average power consumption (energy/slot) of UE with different DRX configurations and offset.
Table 5: Average power consumption with different DRX configurations and offset.
	DRX
(DRX Cycle-ON duration)
	Non-aligned
	Aligned

	320-10
	6.53
	5.65（13.5% saved）

	1280-10
	2.42
	2.19（9.5% saved）



In Table 5, “Non-aligned” means the offset between SMTC window and DRX ON duration is subject to uniform distribution U(0, measurement period). The number of cells to be measured is 8, and UE need to perform intra- frequency measurement for each DRX cycle.
Observation 8: In RRC_Idle/Inactive state, align the SMTC and DRX ON can bring power saving gain.
Number of cells to be measured(N) 
Table 6: Average power consumption with different number of cells.
	DRX
(DRX Cycle-ON duration)
	N=8
	N=1

	
	Case 1
	Case 2
	

	320-10
	6.53
	6.22（4.7% saved）
	6.12（6.3% saved）

	1280-10
	2.42
	2.34（3.3% saved）
	2.31（4.5% saved）



RRM measurement includes serving cell and intra/inter frequency measurement. UE needs perform intra/inter frequency measurement when serving cell quality does not fulfill certain conditions. It will bring more power consumption if UE always measures a larger number of cells. Table 6 gives the average power consumption with different number of cells.
In Table 6, case 1 means that UE performs intra-frequency measurement for each DRX cycle. While case 2 means that UE carries out intra frequency measurement every four DRX cycles, and only serving cell measurement is performed for the rest of the cycle.
Observation 9: In RRC_Idle/Inactive state, reducing the number of cells to be measured can bring power saving gain.
Different measurement duration
When the UE only performs the serving cell measurement, UE may not need to perform the measurement during the whole SMTC duration. Reducing the measurement duration can increase the power saving gains.
Table 7: Average power consumption with different measurement time.
	DRX
(DRX Cycle-ON duration)
	N=1（2mesc）
	N=1（0.5mesc）

	320-10
	6.12
	5.66（7.5% saved）

	1280-10
	2.31
	2.20（4.8% saved）



Based on the results above, we have the following observation.
Observation 10: In RRC_Idle/Inactive state, reducing the measurement duration can bring power saving gain.
2.4.2 RRC_Connected state
For UE in connected state, increasing the RRM measurement cycle or reducing the number of cells to be measured can reduce the UE power consumption. Next, we provide the overall power consumption with different measurement parameters and C-DRX configurations under FTP model 3. The simulation assumptions are shown in Appendix B.
Increase the measurement cycle
The simulation results with different RRM measurement cycle are provided in Table 8.
Table 8: Average power consumption with different RRM measurement cycles
	DRX
(cycle-inactivity timer-ON)
	Measurement per 1 DRX
	Measurement per 2 DRX
	Measurement per 4 DRX

	160-40-8
	20.28
	18.78(7.4% saved)
	18.03(11.1% saved)

	40-10-4
	31.15
	25.61(17.8% saved)
	22.85(26.6% saved)



In addition, we have simulated the power saving gain of different RRM measurement cycles with a packet size of 0.1Mbytes and no PDSCH situation, the results are given in Appendix C.
Based on the above results, if the measurement cycle increases 4 times, the power consumption can be reduced by 11.1 ~ 26.6% in different DRX configuration. 
Observation 11: In RRC_Connected state, increasing RRM measurement cycle is beneficial for power saving.
Number of cells to be measured(N)
Table 9: Average power consumption with different number of cells.
	DRX(cycle-inactivity timer-ON)
	N=8
	N=4
	N=1

	160-40-8
	20.28
	19.91(1.8% saved)
	18.59(8.3% saved)

	40-10-4
	31.15
	29.68(4.7% saved)
	24.51(21.3% saved)



The power saving gain can be obtained by reducing the number of cells to be measured. The simulation results are shown in Table 9.
In addition, we have simulated the power saving gain of different cell numbers with a packet size of 0.1Mbytes and no PDSCH situation, the results are given in Appendix C.
Based on the above results, reduce the number of cells to be measured can obtain 8.3% ~ 21.3% power saving gain in different DRX configuration. 
Observation 12: In RRC_Connected state, reduce the number of cells to be measured is beneficial.
Align measurement occasion with DRX ON duration 
If the SMTC window and the DRX ON duration can be aligned, there will be some power saving gain obtained. Fixed DRX configuration with 160-40-8(DRX cycle-Inactivity timer-ON duration), Table 10 gives the power saving gain obtained by align the SMTC and DRX ON duration.
Table 10:  Align the SMTC and DRX ON duration. 
	
	Measurement per 1 DRX
	Measurement per 2 DRX
	Measurement per 4 DRX

	Non-aligned
	20.28
	18.78
	18.03

	Aligned
	18.83(7.1% saved)
	18.06(3.8% saved)
	17.67(2.0% saved)



When the offset changed from 0 to the SMTC period, the variation of average power consumption is shown in Figure 5.
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Figure 5 The average power consumption with different offset
As shown in Figure 5, UE can obtain power saving gain if the SMTC window appears around the DRX ON duration. Based on this, it is beneficial to configure a preparation period before DRX ON duration and use the CSI-RS for mobility in the preparation period for RRM measurement.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 4: It could be considered to configure a preparation period before DRX ON duration and use the CSI-RS for mobility in the preparation period for RRM measurement.
Observation 13: In RRC_Connected state, align the SMTC and DRX ON can bring power saving gain.

2 Conclusion
In this contribution, the following observations and proposals are made:
Observation 1: Different sizes of packet have a different optimal bandwidth, UE cost a minimum of power in this optimal bandwidth. 
Observation 2: Dynamic change search space configuration of PDCCH can get large power saving gain.
Observation 3: GTS has a good performance for UE power saving. The sleep duration indicated by GTS have some impact on the performance of power saving.
Observation 4: The two-level PS signal structure with the form of PS signal 1+PS signal 2 proposed by Scheme 7 have a better performance of power saving. 
Observation 5: Association of BWP, WUS and DRX has 44% power saving gain for FTP traffic model and 54% power saving gain for Instant Message model.
Observation 6: Association of BWP, WUS and DRX cause more latency, and Scheme8 cause more latency than Scheme9.
Observation 7: Both CSI-RS and PDCCH can satisfy the MDR and FAR requirements.
Observation 8: In RRC_Idle state, align the SMTC and DRX ON can bring power saving gain.
Observation 9: In RRC_Idle state, reducing the number of cells to be measured can bring power saving gain.
Observation 10: In RRC_Idle state, reducing the measurement duration can bring power saving gain.
Observation 11: In RRC_Connected state, increasing RRM measurement cycle is beneficial for power saving.
Observation 12: In RRC_Connected state, reduce the number of cells to be measured is beneficial.
Observation 13: In RRC_Connected state, align the SMTC and DRX ON can bring power saving gain.

Proposal 1: If GTS is studied, the sleep duration indicated by GTS should be chosen carefully.
Proposal 2: The two-level PS signal structure with the form of PS signal 1+PS signal 2 proposed by Scheme 7 should be studied.
Proposal 3: It could be considered to configure a preparation period before DRX ON duration and use the CSI-RS for mobility in the preparation period for RRM measurement is worth considering.
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[bookmark: _Annex_A:_Settings]Appendix A: Simulation assumptions
A. Power value and traffic model
The power states and relative power values are as follows in Table A1. 
Table A1. Power units for different power states
	Power State
	Relative Power
	Power State
	Relative Power

	Deep Sleep
	1
	PDSCH
	280

	Light Sleep
	20
	SSB+PDCCH
	170

	Micro sleep
	45
	SSB+PDCCH+PDSCH
	300

	PDCCH-only
	100
	WUS
	50

	SSB /TRS/ 
CSI-RS proc.
	100
	DCI based wake-up signaling
	100

	PDCCH + PDSCH
	300
	
	


The assumptions of traffic model are showed in Table A2. 
Table A2. Traffic model
	
	FTP traffic
	Instant messaging

	Model
	FTP model 3
	FTP model 3

	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



B. Baseline assumptions
A simplified UE modem timeline is shown in Figure A1. Assume UE needs to perform the measurement in on duration state and needs to be within a fine time-frequency sync before next C-DRX cycle starts. The SSB, TRS and CSI-RS is configured. It is assumed that a periodicity of SSB measuring of max(DRX cycle, [160 msec]) is the baseline for periodic activities. The interval between SSB and DRX on duration is y, y ~ Unif (0, 20msec). CSI-RS is before the TRS. TRS is located before DRX on.
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Figure A1 Baseline timeline
The schemes simulated in this paper are simulated based on baseline.
C. Scheme 1[2] 
[bookmark: OLE_LINK7]Considering most of the energy consumption comes from the useless PDCCH detection, so dynamic adjustment of PDCCH search space can be considered. UE monitored PDCCH every slot at  the beginning of DRX on. If no more DL grant is detected in the following 5 slots after a PDSCH is assigned, UE change PDCCH search space period and monitor PDCCH every 4 slots. If DL grant is detected, UE change PDCCH search space period and monitor PDCCH every slot.
[image: ]
Figure A2 Scheme1[2] timeline

D. Scheme 2[3] 
PDCCH monitoring reduction can also be realized by adapting the PDCCH monitoring periodicity. As shown in Figure A3, before data arrival, UE monitors PDCCH with longer periodicity, e.g., 4 slots. Upon receiving PDCCH, UE monitors PDCCH with short periodicity, e.g., 2 slot.
[image: ]
Figure A3 Scheme2[3] baseline

E. Scheme 3[5]
A simplified UE modem timeline is shown in Figure A4. DCI is used as WUS. DCI in the first slot of DRX on duration can indicate UE whether to wake up. If there is no DL grant in DRX on duration, UE can go to sleep.
[image: ]
Figure A4 Scheme 3[5] timeline
F. Scheme 4[5]
[bookmark: OLE_LINK13]A simplified UE modem timeline is shown in Figure A5. TRS is used as WUS. If there is no DL grant in DRX on duration, UE can go to sleep.
[image: ]
Figure A5 Scheme 4[5] timeline
G. Scheme 5[3]
WUS is located after the SSB which should be detected during the sleep state. If there is no DL grant in next DRX on duration, WUS can indicate skip the monitoring of PDCCH in next CDRX on duration. CSI-RS is located after WUS, TRS is located after CSI-RS.
[image: ]
Figure A6 Scheme 5[3] timeline
H. Scheme 6[6]
A simplified UE modem timeline is shown in Figure A7. PDCCH-WUS is located before TRS and CSI-RS, the interval between PDCCH-WUS and CSI-RS is y, y=2ms. If there is no DL grant, WUS can indicate skip the monitoring of PDCCH in next CDRX on duration. 
[image: ]
Figure A7 Scheme 6[6] timeline
I. Scheme 7[7]
A simplified UE modem timeline is shown in Figure A8. WUS is located before the SSB which should be detected during the sleep state. If there is no DL grant, WUS can indicate skip the detect of SSB/TRS/CSI-RS and skip the monitoring of PDCCH in next CDRX on duration. 
[image: ]
Figure A8 Scheme 7[7] timeline
J. Scheme 8[8]
Power saving signal transmitted in small BWP(10MHz) is used to indicate the transmission of the configured on-demand RS a few slots in advance before DCI triggering the BWP adaptation.  UE would do CSI measurement and TRS based on the on-demand RS at the new large BWP(100MHz). After finishing CSI measurements, UE go back to small BWP and a DCI indicate UE to switch from small band BWP to large BWP.  
WUS location at the slot before 10 slots of DRX on in simulation. 
[image: ]
Figure A9 Scheme 8[8] timeline
K. Scheme 9[7]
UE monitored WUS at a small BWP(10MHz). If no DL grant in next duration on, WUP and WUS2(CSI-RS and TRS) will not be measured. If receive a DL grant, WUP at small BWP can indicate BWP switching, WUS2 used for CSI-RS and TRS measured at large BWP.
WUS location at the slot before 6 slots of DRX on in simulation. 
[image: ]
Figure A10 Scheme 9[7] timeline

Appendix B: Settings for simulation(RRM)
(1) For RRC_Idle/Inactive state
	Parameter
	Setting

	DRX Periodicity
	320 ms

	DRX-ON duration
	 10 ms

	SCS
	30 kHz

	SSB Periodicity
	20 ms

	SMTC Periodicity
	Equal to DRX cycle

	RRM measurement duration
	2 ms

	Number of cells to be measured (N)
	8

	PO probability
	10%

	SIB1 Periodicity
	Max[160ms, DRX cycle]

	Offset between SMTC window and DRX ON duration
	U(0, SMTC Periodicity)



(2) For RRC_Connected state
	Parameter
	Setting

	DRX Periodicity
	160 ms

	DRX-ON duration
	8 ms

	DRX-Inactivity timer
	40 ms

	SCS
	30 kHz

	Traffic model
	FTP 3, 0.5Mbytes, mean arrival time:200 ms

	SSB Periodicity
	20 ms

	SMTC Periodicity
	160 ms (Once measurements within one DRX cycle)

	RRM measurement duration
	2 ms

	Number of cells to be measured (N)
	8



Appendix C: Additional simulation Results(RRM)
Fix DRX configuration with 160-40-8 (DRX cycle-Inactivity timer-ON duration), Table B1 and Table B2 gives the average power consumption with a packet size of 0.1Mbytes and no PDSCH situation.
Table B1: Average power consumption with different RRM measurement cycle
	Packet Size
	Measurement per 1 DRX
	Measurement per 2 DRX
	Measurement per 4 DRX

	0.1Mbytes
	19.34
	17.83(7.8% saved)
	17.07(11.7% saved)

	No PDSCH
	10.46
	8.88(15.1% saved)
	8.08(22.7% saved)



Table B2: Average power consumption with different number of cells.
	Packet Size
	N=8
	N=4
	N=1

	0.1Mbytes
	19.34
	18.97(1.9% saved)
	17.65(8.7% saved)

	No PDSCH
	10.46
	10.09(3.5% saved)
	8.74(16.4% saved)



The power saving gain when no PDSCH is available is the maximum gain that can be obtained by relaxing the RRM measurement.
Appendix D: Summary of the power saving gain

Table D1: Summary of the power saving gain with each scheme of potential techniques for UE power saving
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency 
	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note(include UE throughput)

	Dynamic change configuration of PDCCH
	25%
	FTP model:25.43%
Instant Message:25.89%
	
	
	FTP traffic:160-100-8
Instant Message:320-80-10
	

	two stage power saving signal triggering UE wake up
	8.89%-39.9%
	FTP traffic:8.89%
Instant Message:39.9%
	
	
	FTP traffic:160-100-8
Instant Message:320-80-10
	

	Two level structure of PS signal for triggering UE adaptation to BWP operation
	44%-54%
	FTP traffic:44%
Instant Message:54%
	
	
	A limitation that power scaling due to BWP adaptation (applied to PDCCH-only, SSB, TRS, etc) would be not less than 50.
	





Table D2: Summary of the power saving gain for RRM
	
	(0)
	 (1)
	(2)
	
	Evaluation assumptions
	(6)
	(7)
	Note

	
	
	
	
	
	(1)
	(2)
	(3)
	(4)
	(5)
	
	
	

	
	(0) Power saving schemes description
(1) Average power consumption per slot
(2) Power reduction compared to baseline [%]
	
	(1) RRC Idle / connected? RRC Idle/RRC Inactive or  RRC Connected
(2)Measurement period [ms]
(3)number of samples(e.g., SSB bursts) in each MP 
(4) UE speed and channel model
(5) system impact, e.g., overhead
(6) Performance impact, e.g., RSRP accuracy, channel power variation
(7)Additional assumption, e.g., PO and SSB offset,

	

	Source ZTE
	Align measurement occasion with DRX ON duration
	6.53(baseline)
6.56(Aligned)
	13.5
	
	Idle
	320
	1
	N/A
	N/A
	N/A
	PO：10%
Baseline offset：U(0, measurement period)
Aligned offset:0
N=8, DRX:320-10
	


	
	Reduce the number of cells to be measured
	6.53(N=8)
5.66(N=1)
	13.3
	
	Idle
	320
	1
	N/A
	N/A
	N/A
	PO：10%
 Offset：U(0, measurement period)
DRX:320-10
	

	
	Increase the measurement cycle
	20.28( 160ms)
18.03(4*160ms)
	11.1
	
	Connect
	640
	1
	N/A
	N/A
	N/A
	DRX:160-40-10
offset：U(0, measurement period)
N=8
	

	
	Reduce the number of cells to be measured
	20.28(N=8)
18.59(N=1)
	8.3
	
	Connect
	160
	1
	N/A
	N/A
	N/A
	DRX:160-40-10
offset：U(0, measurement period)
	

	
	Align measurement occasion with DRX ON duration
	20.28(baseline)
18.83(Aligned)
	7.1
	
	Connect
	160
	1
	N/A
	N/A
	N/A
	DRX:160-40-10
Baseline offset：U(0, measurement period)
Aligned offset:0
N=8
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