[bookmark: _Hlk492190689]3GPP TSG-RAN2 Meeting #106	R2-1906609
Reno, USA, 13 - 17 May 2019	Revision of R2-1901275

	
Agenda Item:	11.11.1 Organisational
Source: 	Ericsson
Title:  	Power saving considerations
Document for:	Discussion and Decision
RAN1 has performed detailed simulations to assess the gain of potential power saving enhancements. The power saving model, as captured in the appendix in TR 38.840 [1], includes valuable information about the expected NR UE power consumption. In this contribution, based on the power consumption model in TR 38.840, an attempt is made to gain insight in the overall NR UE power consumption through a simple evaluation.
The power saving enhancements should aim to ensure a NR battery lifetime that is on par or better compared to LTE. When evaluating power saving enhancements also the complexity and cost of the enhancement should be considered, i.e. the cost should justify the gain, and limited power saving gains can also be interesting when it can be achieved easily.
[bookmark: _Toc242573354]Power saving analysis
General remarks
RAN1 has evaluated the potential power saving gains for different enhancements, but mainly in connected mode. In this contribution an attempt is made to evaluate the power consumption when UE is in Connected and Inactive/Idle mode, assuming typical mobile broadband UE behaviour (MBB). For MBB use case the NR UE behaviour in terms of traffic and mobility is expected to be very similar to the current LTE UE. The NR UE is expected to have similar traffic behaviour as an LTE UE, with the difference that data can be send and received more quickly, and the signalling latencies in NR are much smaller. This may imply that more aggressive timer settings can be applied in NR compared to LTE. The NR UE is also assumed to exhibit similar mobility behaviour as an LTE UE, with the difference that the cells are much smaller, i.e. more cell re-selections and handovers are triggered.
Traffic statistics
Based on observed traffic in live mobile networks the following traffic statistics are used in this evaluation:
	
	Value
	Unit

	Connection rate
	20
	connection setups/UE/hour

	Mean connection duration (excluding NW inactivity time)
	10
	sec

	NW inactivity timer
	10
	


The mean connection duration is 10 sec, while the median connection duration is 1 sec, i.e. the connection duration is skewed, i.e. there are a lot of relatively short connections. It is assumed that there is a large number of short and low traffic volume sync connections triggered by applications when the screen goes on, and then other connections triggered by the user (e.g. video, messaging, WEB browsing, file sharing/download, voice, etc), which may be of a high(er) traffic volume and take longer time. 
Idle mode power consumption
The following values are used:
	
	Value
	Unit

	i-DRX cycle length
	1.28
	sec

	SSB periodicity
	20 
	msec


The following power consumption values from the model in TR38.840 are used:
	State
	Relative power
	Additional transition energy
	Total transition time

	Deep Sleep
	1 
	450
	20

	Light Sleep
	20
	100
	6

	Micro sleep
	45
	10
	0

	PDCCH-only
	100
	-
	-

	PDCCH + PDSCH
	300 
	-
	- 

	UL
	250 (0 dBm), 700 (23 dBm)
	-
	-


It is assumed that in between the SSB and Paging Occasion (PO) the UE enters light sleep for a short while:
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· UE in light sleep: 				10 ms (average time between SSB and PO)
· UE in deep sleep transition:			20 ms
· UE in light sleep transition: 			6 ms
· PO monitoring duration (1 slot@30kHz):		0.5 ms
· SSB measurement duration (1 slot@30kHz):	0.5 ms
Total wake-up period (i.e. not in deep sleep): 37 ms. Based on these assumptions the UE is in deep sleep for 1280-37= 1243 ms per DRX cycle => 1243 power units (97% of the time).
To calculate the power consumption during a single wake-up period, the transition times and associated power consumption are used. During the wake-up period the power consumption is then estimated:
· Deep sleep transition:	20 x 1 + 450 = 	470
· Light sleep transition:	6 x 10 + 100 = 	160 
· Sleeping light:		10 x 20 = 	200
· Monitoring SSB:	0.5 x 100 = 	50
· Monitoring PO:		0.5 x 100 = 	50
Total power consumption during wake-up period: 930.
From this simple evaluation it can be observed that the majority of the power when waking up to monitor paging and measure serving cell during i-DRX is not spent on the actual paging monitoring or SSB measurements, but spend on waking up from deep sleep, and the temporary transition into light sleep:
Observation 1:  The main power consumption in Idle/Inactive mode is not spend on paging monitoring or serving cell measurements as such, but on waking up from deep sleep and temporary transition into light sleep in between SSB and PO if possible.
The average power consumption during a wake-up period from i-DRX is thus 930/37 ~ 25. The temporary transition into light sleep is a significant component in the Idle mode power consumption. Some UEs may experience a short delay between SSB and PO, and some may experience a larger delay (up to the SSB periodicity). This distance between SSB and PO is fixed for a single UE: 
Observation 2:  The distance the UE experiences between SSB and PO influences the Idle/Inactive mode power consumption, i.e. standby time of the UE. 
Assuming a 1.28 DRX cycle, the wake-up period takes 930/(930+1243) ~ 43% of the power consumption in Idle mode. However the average power consumption is still close to the deep sleep power consumption (930+1243)/1280 ~ 1.7 (compared to 1 for deep sleep mode): 
Observation 3: The expected power consumption in Idle mode is close to the deep sleep mode power consumption.
In other words, there is not much power to save overall in Idle/Inactive mode, i.e. connected mode is the dominating factor. However the Idle/Inactive mode power consumption influences the standby time. In case the i-DRX cycle is increased, e.g. 2.56 sec, then the estimated power consumption becomes ~ 1.3, i.e. even closer to the deep sleep power consumption.
Connected mode power consumption:
Using the traffic statistics observed in live networks an estimation of the percentage of time the UE resides in connected mode can be computed: 
· %TimeInConnected = 20 x (10+10) / 3600 ~ 11%
This is a rough estimate based on average call statistics observed in live networks. Variance among UEs can be expected, but it is also not surprising that on average the UEs are expected to be in Idle mode most of the time and in our view this value can be used as a reference value for further discussions. 
The connected mode power consumption is modelled in an active phase (Connected Active), where data is being sent and received, and an inactive phase (Connected Inactive), where the UE is just waiting to be released to idle mode and there is no data send nor received: 
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In live network monitoring it has been observed that 90% (mean) of the TTIs during a traffic burst is not used.
[image: burst.png]
The active phase is thus modelled assuming:
· UL:DL traffic ratio = 1:10
· 50% of UEs uses 23 dBm (700) and 50% uses 0 dBm (250) in UL => average UL power 475
· Power consumption during DL assuming PDCCH + PDSCH equals 300
· 90% of time[footnoteRef:1] UE is in micro sleep (45) [1:  In live networks it was observed that during the active phase of the connection the median and mean TTI utilization is about 1 respectively 10%. ] 

This gives an average power consumption in Connected Active:
· 0.9 x 45 + 0.1 x (0.1 x 475 + 0.9 x 300) ~ 72
The inactive phase is modelled assuming c-DRX = 160 ms and ON = 8 ms and assuming the UE goes to deep sleep: 
· ON duration: 		8 x 100		= 800
· Deep sleep transition:	20 x 1 + 450 	= 470
· Sleeping deep:		(160-28) x 1	= 132
· Total:					= 1402
Average power consumption: 1402 / 160 = 8.8
The power consumption in this evaluation in the different states:  
· Idle                                        	1.7      	(~ deep sleep)
· Connected Inactive         	8.8    	(~ light sleep)
· Connected Active                  	72    	(~ PDCCH monitoring)
The percentage of power consumed in the different states:
· Idle                          	0.9 x 1.7	= 1.53   ~ 27%    
· Connected Inactive  	0.05 x 8.8	= 0.44   ~ 8%     
· Connected Active      	0.05 x 72	= 3.61	~ 65%   

Observation 4: Power saving enhancements in Idle mode have limited overall gain, but may improve the battery standby times.
Based on the above observation we propose RAN2 to focus and prioritize connected mode power saving enhancements, including efficient transition from connected to idle/inactive mode: 
Proposal 1: RAN2 to prioritize connected mode power saving enhancements including efficient transition from connected to idle/inactive mode. 
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[bookmark: _Toc242573361]RAN2 is kindly asked to discuss power saving aspect for NR UE: 
Observation 1:  The main power consumption in Idle/Inactive mode is not spend on paging monitoring or serving cell measurements as such, but on waking up from deep sleep and temporary transition into light sleep in between SSB and PO if possible.
Observation 2:  The distance the UE experiences between SSB and PO influences the Idle/Inactive mode power consumption, i.e. standby time of the UE. 
Observation 3: The expected power consumption in Idle mode is close to the deep sleep mode power consumption.
[bookmark: _GoBack]Observation 4: Power saving enhancements in Idle mode have limited overall gain, but may improve the battery standby times.
Proposal 1: RAN2 to prioritize connected mode power saving enhancements including efficient transition from connected to idle/inactive mode. 
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