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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 [3], [4]. This Tdoc collates the results from those Tdocs into one place. 

The following aspects are considered:

· calibration of traffic model: R1-1900383 (from RAN1 AH1901)
· reduced PDCCH monitoring during inactivity timer operation: R1-1902186
· dynamic DRX indication: R1-1902186 
· dynamic DRX in connected mode: R1-1902186
· new power saving signal design: R1-1902186
· Relaxation in the number of measurement samples per measurement period: R1-1902187
· Reduction in inter-frequency measurements: R1-1902187
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 [5] for the calibration scenarios in TR38.840. 

According to the Chairman’s notes from RAN1 AH1901 [6] in Taipei, the calibration results in the table below from section 6.2 of R1-1901471 [7] should be checked.

Companies are encouraged to check section 6.2 regarding updated calibration results – revisit in RAN1#96

We have checked the results from Sony and confirm that they correspond to our previously published results [5], according to our simulations. We request that these results be included in TR38.840.

	 
	Power States
	Sony
	HW [1]
	Vivo [2]
	MTK [3]
	ZTE [10]
	Intel [9]
	LGE [4]
	CATT [5]
	SS [6]
	E///
	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%
	35.11%
	35.01%

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

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

	
	Light sleep
	0.15%
	0.15%
	0.13%
	0.17%
	0%
	0.15%
	0.17%
	0.00%
	0.14%
	0.12%
	0.15%

	
	Deep sleep
	65.09%
	64.66%
	64.94%
	64.99%
	65%
	64.62%
	64.28%
	61.85%
	66.80%
	64.55%
	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%
	22.50%
	22.31%

	
	PDCCH+PDSCH
	0.96%
	1.08%
	1.09%
	1.09%
	0.78%
	1.25%
	 
	0.40%
	1.96%
	1.11%
	1.08%

	
	Micro sleep
	0.00%
	0.00%
	0.00%
	0.00%
	 0.00%
	0.00%
	 
	0.00%
	0.00%
	0.0%
	0.00%

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


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 with 0.5Mbyte packet size 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)
	Latency (ms)
	Latency increase wrt baseline

	1
	41.02
	N/A (default)
	46.96
	

	2
	32.79
	20.0%
	47.61
	0.7ms

	4
	28.82
	29.7%
	49.07
	2.1ms

	8
	27.08
	34.0%
	52.39
	5.4ms


A summary of these results for inclusion in the “UE adaptation of PDCCH monitoring” section of TR38.840 is provided below:

	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	Sony [R1-1902186]
	Reduced PDCCH monitoring while the inactivity timer is running
	[20-34%]
	N=2: 20%

N=4: 30%

N=8: 34%
	N=2:0.7ms

N=4:2.1ms

N=8:5.4ms
	0
	Numerical simulation. FTP3 0.5Mbyte

Baseline: 160/100/8
	“N” is number of slots between which PDCCH is monitored in inactivity period. PDCCH monitored for 1 slot
Latency is increase relative to baseline (full monitoring baseline latency is 47ms)

	
	
	
	
	
	
	
	


4. Results on dynamic DRX indication
The following scheme was considered in [3]:
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 with 0.5 Mbyte packet size 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
	Latency (ms)
	Latency increase wrt baseline

	100ms
	2
	38.19
	7%
	50.89
	3.9ms

	
	8
	39.41
	4%
	49.13
	2.2ms

	
	No DDI (baseline)
	41.02
	N/A (baseline)
	46.96
	N / A (baseline)

	40ms
	2
	20.92
	9%
	63.23
	3.8ms

	
	8
	21.97
	6%
	61.57
	2.1ms


A summary of these results for inclusion in the “Dynamic DRX configuration” section of TR38.840 is provided below:

	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	Sony [R1-1902186]
	Dynamic DRX indication
	[7-9%]
	{IT=100,DRX=2}: 7%

{IT=40,DRX=2}: 9%
	3.9ms
	None (spare resource used)
	Numerical simulation. FTP3 0.5Mbyte

Baseline: 160/100/8
	Adaptation of length of the DRX_ON period

Latency is increase relative to baseline (100ms IT baseline latency is 47ms) 

	
	
	
	
	
	
	
	


5. Results on dynamic DRX in connected mode

The following scheme was considered in [3]:

Dynamic DRX in connected mode. This scheme dynamically changes the DRX configuration by physical layer signaling. For example, the physical layer signaling could dynamically turn the inactivity timer off, change the rate of PDCCH monitoring etc..

A summary of these results for inclusion in the “Dynamic DRX configuration” section of TR38.840 is provided below:
	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	Sony [R1-1902186]
	Dynamic DRX Configuration 
	48%
	-
	
	
	Analytical Evaluation. FTP3 0.1Mbytes, Mean inter-arrival time 2 sec.

Baseline: 320/80
	

	
	
	
	
	
	
	
	


6. Results on new power saving signal

A new power saving signal scheme was considered in [3].

The proposed new signal is a non-OFDM based On-Off Keying (OOK) wake-up signal (WUS) embedded in an OFDM system without causing inter-frequency interference. The targeted receiver type is a low power wake-up receiver in order to reduce UE power consumption.
A summary of the results showing the relationship between probability of detection and false alarm for a non-OFDM based On-Off Keying (OOK) wake-up signal (WUS) is shown below. These results are targeted for inclusion in the “Power saving signal / channel performance” section of TR38.840.

[image: image1.png]Probability of detection

10" RS e e ey

Region of interest

107!
— BER (.15
- = =BER (.10
BER 0.05

1072

10™ 107 10~
Probability of false-alarm

107!

10"




7. Results on reduction of RRM measurements

The effect on power saving of reducing the number of measurement samples per measurement period was considered in [4] with the following results:

	Case
	Measurement per 1 DRX
	Measurement per 2 DRX
	Measurement per 4 DRX

	Case 1
	27.15
	24.65 (9% power saving)
	23.40 (14% power saving)

	Case 2
	42.40
	32.28 (24% power saving)
	27.21 (36% power saved)


The power consumption as a function of the number of measured inter-frequency layers was considered in [4] with the following results:

	Number of inter-frequency layers
	Power consumption for 1 measurement per DRX
	Power consumption for 1 measurement per 2 DRX

	0
	42.4
	32.3

	1
	58.4
	40.3

	2
	73.9
	48.0

	3
	86.3
	54.2

	4
	99.6
	60.8

	5
	112.9
	67.5

	6
	126.2
	74.2


The following table (Table 1) provides a summary of the results in this Tdoc in the agreed format [6] for inclusion in section 5.3.1 of TR38.840 on “Reduced number of RSRP measurements”.

Table 1 – Summary of results for inclusion in TR38.840
	
	(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,


	

	Sony R1-1902187
	Reduced number of samples per measurement period
	32.28
	24%
	
	Conn
	80ms
	2/slot
	N/A
	None
	-
	
	Baseline power is 42.4 units

	
	Reduced number of samples per measurement period
	27.21
	36%
	
	Conn
	160ms
	2/slot
	N/A
	none
	-
	
	

	Sony R1-1902187
	Reduced number of inter-freq layers measured (1 layer vs 2)
	58.4: 1 layer

73.9: 2 layer
	21%
	
	Conn
	40ms
	2/slot
	N/A
	See note
	-
	
	Note: more non-gap resource is available to UE with fewer measurement gaps

Power consumption averaged over DRX cycle and is also applicable to full measurement period

	
	Reduced number of inter-freq layers measured (2 layer vs 4)
	73.9: 2 layer

99.6: 4 layer
	26%
	
	Conn
	40 ms
	2/slot
	N/A
	See note
	-
	
	


8. Conclusion 

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

[1] 
RP-181463
“New SID: Study on UE power saving in NR”. RAN#80. June 2018.

[2] 
TR38.840. “Study on UE Power Saving”.

[3]
R1-1902186. “Power saving techniques for NR”. Sony. RAN1#96. Athens, Greece. February 2019.
[4]
R1-1902187. “Power consumption reduction in RRM measurements”. RAN1#96. Athens, Greece. February 2019.
[5]
R1-1900383. “Calibration results for power saving study”. Sony. RAN1 AH1901. Taipei. January 2019

[6]
Chairman’s Notes. RAN1 AH1901. Taipei. January 2019.
[7]
R1-1901471. “Summary for UE Power Saving Evaluation”. Qualcomm. RAN1 AH1901. Taipei. January 2019
