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1. Introduction 

As part of the study on UE power saving for NR [1], Sony have produced a set of evaluation results for different power saving proposals [2], [3], [4], [5]. This Tdoc collates the results from those Tdocs into one place. 

The following aspects are considered:

· calibration of traffic model: R1-1900383

· reduced PDCCH monitoring during inactivity timer operation: R1-1900380
· triggering of DRX phases with dynamic DRX indication and WUS: R1-1900381
· RRM measurements: R1-1900382
Observations and detailed simulation assumptions can be found in the above Tdocs.
2. Calibration results

The results highlighted in the table below were obtained in [6] for the calibration scenarios in TR38.840. 

	 
	Power States
	Sony
	HW [1]
	Vivo [2]
	MTK [3]
	ZTE [10]
	Intel [9]
	LGE [4]
	CATT [5]
	SS [6]
	E/// [7]
	QCOM [8]

	FTP, w/o C-DRX
	PDCCH only
	99.75%
	 
	99.75%
	99.75%
	99.73%
	99.75%
	99.75%
	99.71%
	99.75%
	99.80%
	99.75%

	
	PDCCH+PDSCH
	0.25%
	 
	0.25%
	0.25%
	0.27%
	0.25%
	0.25%
	0.29%
	0.25%
	0.20%
	0.25%

	
	Micro sleep
	0.00%
	 
	0.00%
	0.00%
	 0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	
	Light sleep
	0.00%
	 
	0.00%
	0.00%
	 0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	
	Deep sleep
	0.00%
	 
	0.00%
	0.00%
	 0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	FTP, w/ C-DRX
	PDCCH only
	34.50%
	34.96%
	34.68%
	34.62%
	35%
	34.96%
	35.27%
	37.92%
	32.85%
	38.20%
	35.01%

	
	PDCCH+PDSCH
	0.25%
	0.21%
	0.25%
	0.20%
	0.27%
	0.25%
	0.26%
	0.29%
	0.20%
	0.20%
	0.25%

	
	Micro sleep
	0.02%
	0.02%
	0.01%
	0.02%
	0.03%
	0.02%
	0.02%
	0.00%
	0.01%
	0%
	0.01%

	
	Light sleep
	0.15%
	0.15%
	0.13%
	0.17%
	0%
	0.15%
	0.17%
	0.00%
	0.14%
	0%
	0.15%

	
	Deep sleep
	65.09%
	64.66%
	64.94%
	64.99%
	65%
	64.62%
	64.28%
	61.85%
	66.80%
	61.60%
	64.58%

	VoIP, w/o C-DRX
	PDCCH only
	98.73%
	 
	98.59%
	98.56%
	98.43%
	98.75%
	 
	98.70%
	98.46%
	98.50%
	98.60%

	
	PDCCH+PDSCH
	1.27%
	 
	1.41%
	1.44%
	1.57%
	1.25%
	 
	1.31%
	1.54%
	1.50%
	1.40%

	
	Micro sleep
	0.00%
	 
	0.00%
	0.00%
	 0.00%
	0.00%
	 
	0.00%
	0.00%
	0.00%
	0.00%

	
	Light sleep
	0.00%
	 
	0.00%
	0.00%
	 0.00%
	0.00%
	 
	0.00%
	0.00%
	0.00%
	0.00%

	
	Deep sleep
	0.00%
	 
	0.00%
	0.00%
	 0.00%
	0.00%
	 
	0.00%
	0.00%
	0.00%
	0.00%

	VoIP, w/ C-DRX
	PDCCH only
	20.20%
	22.09%
	22.40%
	21.46%
	19.31%
	18.72%
	 
	14.43%
	20.16%
	32.40%
	22.31%

	
	PDCCH+PDSCH
	0.96%
	1.08%
	1.09%
	1.09%
	0.78%
	1.25%
	 
	0.40%
	1.96%
	1.50%
	1.08%

	
	Micro sleep
	0.00%
	0.00%
	0.00%
	0.00%
	 0.00%
	0.00%
	 
	0.00%
	0.00%
	0.00%
	0.00%

	
	Light sleep
	0.83%
	1.37%
	0.61%
	0.41%
	 0.00%
	0.00%
	 
	0.00%
	0.34%
	26.50%
	0.54%

	
	Deep sleep
	78.02%
	75.45%
	75.90%
	77.04%
	79.92%
	80.03%
	 
	85.16%
	77.54%
	39.60%
	76.07%


3. Results on inactivity timer operation

Reduction of PDCCH monitoring while the inactivity timer is running was considered in [3]:
Reduced PDCCH monitoring while inactivity timer is running. In this scheme PDCCH monitoring is reduced during the running of the inactivity timer:

· During DRX_ON period, PDCCH is monitored every slot.

· While the inactivity timer is running the PDCCH is monitored every “N” slots.

When simulated with the FTP3 traffic model in TR38.840 with C-DRX parameters of {ON duration = 8ms, cycle length = 160ms and inactivity timer = 100ms}, the following results were obtained:

	“N”: slot periodicity at which PDCCH is monitored when inactivity timer is running
	Average power consumption (units) 
	Percentage power saving gain (with respect to 100% PDCCH monitoring when inactivity timer is running)

	1
	38.435
	N/A (default)

	2
	30.251
	21.3%

	4
	26.179
	31.9%

	8
	24.173
	37.1%


4. Results on triggering of DRX phases with dynamic DRX indication and WUS

Two schemes were considered in [4]:

Dynamic DRX Indication. In this scheme, if there is an explicit dynamic DRX indication in the first section of the DRX_ON period, the UE continues to monitor the second section of the DRX_ON period. If there is no explicit dynamic DRX indication, the UE can enter a sleep state during the second section of the DRX_ON period.

When simulated with the FTP3 traffic model in TR38.840 with C-DRX parameters of {ON duration = 8ms, cycle length = 160ms and inactivity timer = 100ms / 40ms}, the following results were obtained:

	Inactivity Timer
	Slot within DRX_ON in which DDI is signalled
	Average power consumption (units)
	Percentage power saving gain

	100ms
	2
	35.595
	7.4%

	
	8
	36.821
	4.2%

	
	No DDI (baseline)
	38.435
	N/A (baseline)

	40ms
	2
	18.101
	11.8%

	
	8
	19.146
	6.8%

	
	No DDI (baseline)
	20.532
	N/A (baseline)


Wake Up Signal. In this scheme, a wake-up signal prior to the DRX_ON period wakes the UE up to monitor the DRX_ON period. If the UE does not receive the WUS, it can remain in / return to the sleep state. 

A WUS that allows for a low power receiver implementation and a PDCCH-based WUS were simulated with the FTP3 traffic model in TR38.840 with C-DRX parameters of {ON duration = 8ms, cycle length = 160ms and inactivity timer = 100ms / 40ms}. The following results were obtained:

	Inactivity Timer
	WUS energy consumption
	Average power consumption (units)
	Percentage power saving gain

	100ms
	1 (low power WUR)
	34.085
	11.3%

	
	550 (PDCCH-based WUR)
	35.644
	7.3%

	
	No WUS (baseline)
	38.435
	N/A (baseline)

	40ms
	1 (low power WUR)
	16.436
	20.0%

	
	550 (PDCCH-based WUR)
	18.151
	11.6%

	
	No WUS (baseline)
	20.532
	N/A (baseline)


5. Results on reduction of RRM measurements

The effect of incorrect / inaccurate RRM measurements causing the UE to be attached to the wrong cell were considered in [5] and the following observation was made based on simulation of the FTP3 traffic model in TR38.840 with C-DRX parameters of {ON duration = 8ms, cycle length = 160ms and inactivity timer = 100ms}:

Observation: If the UE is attached to the wrong cell, due to inaccurate RRM measurements, UE power consumption and network resource usage can increase in the order of 30%, due to lower MCS being applied in the wrong cell.

The effect on power UE power consumption and time spent in the various UE power states as a function of MCS was simulated with the following results:

	
	
	TBS

	
	State
	868584

calibration
	14600

MCS3
	11280

MCS2
	9216

MCS1
	7048

MCS0

	time
	PDCCH only
	34.50
	30.06
	28.48
	27.18
	24.85

	
	PDCCH + PDSCH
	0.25
	13.74
	17.74
	21.74
	28.46

	
	Micro sleep
	0.02
	0.18
	0.01
	0.01
	0.20

	
	Light sleep
	0.15
	0.05
	0.11
	1.21
	0.09

	
	Deep sleep
	65.09
	55.97
	53.66
	49.86
	46.40

	Power
	Average Power (units)
	38.44
	74.03
	84.30
	94.88
	112.38


6. Conclusion 

This document collates results from Sony on the power saving study for inclusion in TR38.840 [2]. 
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