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1	Introduction
[bookmark: _GoBack]In this document we present revised calibration results for UE power savings evaluation. In section 2.2, we discuss some remaining issues related to evaluation methodology. Power savings evaluation results for different triggering and adaptation techniques are included in [4], [5] along with the relevant description of those schemes.
[bookmark: _Ref178064866]2	Discussion
2.1 	Calibration results
In the previous meeting, calibration on the UE power model was done for FTP and VoIP traffic with a certain C-DRX setting. In the below table, our revised calibration result are shown after further alignments to the simulation setup.

Table 1. Calibration result
	Scenario
	Time distribution (%)

	
	PDCCH only
	PDCCH + PDSCH
	Micro sleep
	Light sleep
	Deep sleep

	FTP w/o C-DRX
	99.80
	0.20
	-
	-
	-

	FTP with C-DRX
	35.11
	0.21
	0.01
	0.12
	64.55

	VoIP w/o C-DRX
	98.50
	1.50
	-
	-
	-

	VoIP with C-DRX
	22.50
	1.11
	-
	0.54
	75.85



[bookmark: _Toc534996057]Update TR to reflect our revised calibration results shown in table 1.
2.2 	Power Savings evaluation results

· Power savings analysis result for cross-slot scheduling are in Annex A of [4] in AI 7.2.9.2.1. 
· Power savings analysis result for Wakeup signal are in Annex A of [5] in AI 7.2.9.2.2. 
· Power savings analysis result for Go to sleep are in Annex B of [5] in AI 7.2.9.2.2. 

2.2 	Additional aspects on the power model
2.2.1 	Energy consumption for state transition		
In the previous meeting, the total energy consumption and the total time required for state transition between the active and sleep states has been agreed. The energy and time for the ramp-up and ramp-down, however, are yet to be agreed. In the below table, we propose the energy and time for the ramp-up and ramp-down for the state transition.



Table 2. Transition energy and time for state transition between active state and sleep state. 
	Sleep type
	Transition energy
	Transition time

	
	Ramp up
	Ramp down
	Ramp up
	Ramp down

	Deep sleep
	380
	70
	16ms
	4ms

	Light sleep
	85
	15
	5ms
	1ms



[bookmark: _Toc534996058]Table 2 can be used to model energy and time required for ramp-up and ramp-down in the state transition between the sleep and active states.

In addition to the ramp-up and ramp-down, it is also worth to view the relation of this transition time with the TRS periodicity. This cannot be neglected especially because we classify the sleep state (micro, light, and deep) purely based on this transition time (e.g. deep sleep is more than 20ms of sleep). On the other hand, the UE might monitor the TRS inside of that sleep period. In addition, in the agreement the deep sleep can be assumed under both synced and un-sync condition. Therefore, the assumption on the sync condition of the UE in the deep sleep should be clarified.
[bookmark: _Toc534996059]Assumption on the sync condition in deep sleep state should be clarified. 

From the sleep states, it can be happened that the UE wakes in a different UE setting (BW, Number of antennas, etc.). Thus, the required energy for the state transition from and to the sleep states will also be different. As the time required for the state transition, is similar, it can be concluded that the energy consumption for state transition depends solely on the power level of the active state. Therefore, the energy scaling for the state transition can use the same rule as the power scaling of the previous agreement.
[bookmark: _Toc534996060]Energy consumption scaling for the transition from and to sleep states can follow the same rules as power scaling.

2.2.2 	Power consumption for wake-up signal	
The power consumption required for WUS will vary depends on the receiver design and the used BW. Assuming a dedicated low power wake-up receiver (WUR) for detecting the power saving signal, for example, the silicon area of WUR can be much less compared to that of the main UE modem. Some of its requirements can be relaxed, e.g. allowing noisier clock, lower ADC sampling rate, etc. In certain, for the case of WUR is used to detect the WUS, the total power consumption in the slot where the WUS is monitored is the sum between the power consumption for the sleep state and the power consumption for WUS detection.
For the detection itself, there are two types of approach that can be used, i.e. time domain correlation based, and frequency domain decoding based. For the time-domain correlation approach, UE’s WUR can be designed with ultra-low power as FFT is not required and time/frequency synchronization can be relaxed. Based on the state of art low power RF design, the correlation based WUS detection can consume as little power as 0.1 unit.
For the frequency-domain decoding approach, UE’s WUR shall perform FFT and DCI decoding (for the case of PDCCH-like power saving signal). In this approach, the power consumption of the WUR depends on the BW. Assuming the narrowest BW (1MHz), the power consumption to decode WU-PDCCH is estimated as 3 unit. For a better false alarm rate, the bandwidth of WU-PDCCH can be increased at the cost of power consumption. For 10MHz and 20MHz, the power consumption of the WUR can be estimated as 9 and 15, respectively.


Table 3. Power saving signal power consumption assumption
	Receiver design
	Power saving signal
	Detection
approach
	BW
	Power consumption

	Independent wake-up radio
	PDCCH-based
	Time-domain correlation
	--
	0.1 unit

	
	
	Frequency domain decoding
	1MHz
	3 unit

	
	
	
	10 MHz
	9 unit

	
	
	
	20 MHz
	15 unit



We propose the following. 

[bookmark: _Toc534996061]Use the values in Table 3 for the power consumption of the PDCCH-based WUS detection using WUR.

Conclusion
We propose the following: 

 Proposal 1	Update TR to reflect our revised calibration results shown below (in red).
	Scenario
	Time distribution (%)

	
	PDCCH only
	PDCCH + PDSCH
	Micro sleep
	Light sleep
	Deep sleep

	FTP w/o C-DRX
	99.80
	0.20
	-
	-
	-

	FTP with C-DRX
	35.11
	0.21
	0.01
	0.12
	64.55

	VoIP w/o C-DRX
	98.50
	1.50
	-
	-
	-

	VoIP with C-DRX
	22.50
	1.11
	-
	0.54
	75.85



Proposal 2	Following table can be used to model energy and time required for ramp-up and ramp-down in the state transition between the sleep and active states.
	Sleep type
	Transition energy
	Transition time

	
	Ramp up
	Ramp down
	Ramp up
	Ramp down

	Deep sleep
	380
	70
	16ms
	4ms

	Light sleep
	85
	15
	5ms
	1ms



Proposal 3	Assumption on the sync condition in deep sleep state should be clarified.
Proposal 4	Energy consumption scaling for the transition from and to sleep states can follow the same rules as power scaling.
Proposal 5	Power consumption of the PDCCH-based WUS detection using WUR can be modeled as in the following table.
	Receiver design
	Power saving signal
	Detection
approach
	BW
	Power consumption

	Independent wake-up radio
	PDCCH-based
	Time-domain correlation
	--
	0.1 unit

	
	
	Frequency domain decoding
	1MHz
	3 unit

	
	
	
	10 MHz
	9 unit

	
	
	
	20 MHz
	15 unit
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