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1 Background

This contribution contains a Text Proposal (TP) for the eDRX solution described in [1]. 
2 Text Proposal

<Start of Text Proposal>
6.4
Device power saving enhancements


6.4.x
eDRX solution with event-based paging window
6.4.x.1
General

In this solution the UE is alternating in either a sleep period (Tsleep) or a DRX period (TDRX) when the UE is not receiving or transmitting data. When the sleep timer expires the UE starts the DRX timer and starts listening according to the legacy DRX cycles (TDRX = paging window): 
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When the UE is in the Sleep period (e.g. deep sleep mode) the UE is not reachable. In the DRX period (paging window) the UE listens to the legacy Paging Occasions to enable reception of DL data: 
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As an example TDRX is started when the UE enters Idle mode (or PCH state), however other events can be evaluated when to start the timers (e.g. NAS procedures). 
6.4.x.2
NAS signalling

The DRX and Sleep periods are negotiated via NAS signalling for Idle and Connected mode. The UE can indicate a preferred TDRX and Tsleep period. The SGSN replies with the configured TDRX and Tsleep period. In this example the Sleep and DRX periods are common for Idle mode and PCH state: 
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6.4.x.3
DL data in Idle mode

The SGSN buffers DL data until the DRX period (paging window) of the device starts and the device can be paged. The eDRX handling in Idle mode is transparent for the RAN:
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When the Iu connection is established the SGSN informs the RAN about the negotiated eDRX parameters. The RAB assignment request is used as an example, but other options may exist as well (e.g. common ID). The RAN may then configure eDRX (i.e. DRX and Sleep period) in PCH state via dedicated RRC signalling. Only when the RAN has configured eDRX parameters via dedicated signalling eDRX in PCH state is used (eDRX in Idle mode is used when the UE and CN have negotiated eDRX parameters). The RAN may also configure a longer CELL UPDATE or URA UPDATE timer to prevent interruption of the sleep period (i.e. a dedicated timer overriding the timer broadcasted in system information).
6.4.x.4
DL data in PCH state

When downlink data arrives in the SGSN for the UE in connected mode, the SGSN forwards the data to the RNC (similar as in legacy). The RNC stores the downlink data until the DRX period (paging window) of the UE starts, and the UE can be paged. Potentially the SGSN can be informed when the UE is reachable, however this is FFS:  
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6.4.x.5
UL data

The device may initiate uplink data at any point in time in Idle mode and PCH state. Uplink data transmissions are independent from the eDRX configuration. Below the uplink data transmission in case of Idle mode is depicted:
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6.4.x.5
UE measurements

When the device is sleeping the device is in a very low power consumption mode (e.g. deep sleep) to obtain the best possible battery lifetime and should then not be required to perform measurements. When the device is in the DRX period (paging window) the device is monitoring the legacy DRX and is able to perform measurements according to the legacy DRX measurement requirements. 

6.4.x.5
eDRX performance

The power consumption model that is used to evaluate a DRX up to 40 seconds (SFN based) can also be used to evaluate an extended DRX (eDRX) beyond 40 seconds (event based). However some additional aspects with an event based eDRX need to be considered. 

It is assumed that the UE is in a deep sleep mode during the Sleep period, and a deep sleep mode implies a longer wake-up time (150 ms instead of 14 ms). During the DRX period (paging window), when the UE is monitoring the legacy DRX (4 x 1,28 sec DRX cycle), an average power consumption of 1,4 mA is assumed:
	Aspect
	Value
	Unit

	Battery:
	
	

	AA lithium 3.6 V
	2,5
	Ah

	Power consumption:
	
	

	Rx
	50
	mA 

	Tx (good conditions)
	50
	mA 

	Tx (bad conditions)
	250
	mA 

	Sleep mode (legacy DRX)
	0,5
	mA 

	Deep sleep mode (PSM/eDRX)
	0.05 (– 0.005)
	mA 

	Wake-up / ramp-down (sleep mode and deep sleep mode)
	25
	mA 

	DRX time (legacy DRX with 1,28 sec cycle)
	1,4
	mA

	Latencies:
	
	

	PICH monitoring
	10
	msec

	DRX time (4 x 1.28 sec)
	5120
	msec

	Wake-up (deep sleep mode)
	150
	msec

	Wake-up (sleep mode)
	14
	msec

	Ramp-down (sleep mode and deep sleep mode)
	6
	msec

	Intra-frequency measurements
	10
	msec

	Inter-frequency/iRAT measurements (30% of wake-ups)
	10
	msec

	Small Data Traffic (TS 25.705):
	
	

	Packet size UL
	100
	bytes

	Packet size DL
	100
	bytes

	Frequency (high)
	60
	seconds (every minute)

	Frequency (mediumhigh)
	3600
	seconds (every hour)

	Frequency (mediumlow)
	86400
	seconds (every day)

	Frequency (low)
	2628000
	seconds (every month)


The figure below gives an overview of the different phases before the UE is able to monitor PICH, when waking up from deep sleep mode, and going into the DRX period (paging window) monitoring the legacy Paging Occasions (PO): 
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The following figure below gives a high level overview of the estimated durations of the different phases (deep sleep, wake-up, DRX) and the associated power consumption levels. Of course these figures are estimates, however they should give a rough indication where the power is spent. Roughly speaking, the UE spends most time in deep sleep, then active time, and is only a relatively short time in the wake-up phase. The deep sleep power consumption is significantly better than the legacy DRX power consumption. The wake-up time is relatively short, but also has a relatively high power consumption: 
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Power consumption when monitoring paging only

With the power consumption model the power consumption in the different phases (deep sleep, wake-up, DRX) and the battery lifetime can be calculated for different sleep time durations: 
	Sleep time (min)
	Wake-up (mA)
	DRX (mA)
	Deep sleep (mA)
	Total (mA)
	Life time (year)

	10 sec
	0,25
	0,47
	0,03
	0,75
	0,38

	30 sec
	0,11
	0,20
	0,04
	0,35
	0,81

	1
	0,06
	0,11
	0,05
	0,21
	1,34

	2
	0,03
	0,06
	0,05
	0,14
	2,12

	5
	0,01
	0,02
	0,05
	0,08
	3,37

	10
	0,01
	0,01
	0,05
	0,07
	4,23

	30
	0,00
	0,00
	0,05
	0,06
	5,12

	45
	0,00
	0,00
	0,05
	0,05
	5,31

	60
	0,00
	0,00
	0,05
	0,05
	5,40


The battery lifetime approaches the battery lifetime associated with a deep sleep power consumption ~5 years (0,05 mA == 5,72 years) only when the UE is sleeping for a long time (e.g. 30 minutes or more). The associated sleep mode battery life time is ~0,5 year (0,5 mA == 0,57 year). Please note that with a very short sleep time (e.g. 10 sec) the deep sleep mode does not pay off (0,38 year < 0,57 years) due to the relatively long wake-up time from deep sleep and the associated additional power consumption for this longer wake-up time. This is also the reason why deep sleep mode is not used for the legacy DRX. 
To obtain an easier overview where the power is spent, the relative power consumption figures are listed below (i.e. the percentage of the total power consumed in wake-up, DRX and deep sleep): 

	eDRX cycle  (min)
	Wake-up (%)
	DRX (%)
	Deep sleep (%)
	Total (%)

	10 sec
	33%
	63%
	4%
	100%

	30 sec
	30%
	58%
	12%
	100%

	1
	27%
	52%
	22%
	100%

	2
	22%
	42%
	35%
	100%

	5
	14%
	28%
	58%
	100%

	10
	9%
	18%
	73%
	100%

	30
	4%
	7%
	89%
	100%

	45
	3%
	5%
	93%
	100%

	60
	2%
	4%
	94%
	100%


Based on this simple power consumption model, and the understanding of the power consumption components in eDRX, the following observations for eDRX can be made:

Observation 1: The eDRX performance is a combination of the sleep mode and deep sleep mode performance dependent on the configuration. 

Observation 2: Deep sleep mode performance and associated battery life time is only obtained with long sleep time durations (e.g. beyond 30 minutes)

Observation 3: The wake-up power consumption from deep sleep is significant for shorter sleeping times (e.g. shorter than 30 minutes).

When the UE is in sleep mode (0,5 mA) the UE can wake up more quickly (14 msec), than if the UE is in deep sleep mode (0,05 mA), i.e. it takes 150 msec (factor 10) to wake up. In deep sleep mode the UE has switched off all processes and does not retain memories and context, but only a low power clock is running. In such state the UE needs to boot again, and restore all memories and load context, which is similar to a power-on scenario. The values used in this analysis are reference values, and the actual values dependent on the UE implementation. But any UE implementation has to consider a trade-off between power consumption when sleeping and wake-up time: 
Observation 4: There is a trade-off between the power savings when sleeping and the extra power needed for a longer wake-up time.

Power consumption when sending data

To obtain an impression of the impact of traffic on the power consumption in eDRX, the small data traffic figures (TS 25.705), together with an estimated duration to transmit 100 bytes of data have been used. In this case it was assumed that the UE is in CELL_PCH with seamless transition to CELL_FACH:
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Figure 3: Small Data transmission in DRX

It is assumed that the UE requires 100 ms in CELL_FACH to transmit the data (Tx (50 mA) + Rx (50 mA)), and subsequently is switched back into CELL_PCH when a fast dormancy request from the UE is received. It is assumed that the UE is configured with a sleep duration of 30 minutes (0,06 mA, see above). First the percentage of time in Tx + RX, wake-up and eDRX is calculated, next the associated power consumption figures are calculated:

	Traffic intensity
	Tx + Rx (%)
	Wake-up (%)
	eDRX 30 min (%)
	Total (%)
	

	every minute
	0,1667%
	0,2500%
	99,58%
	100,00%
	

	every hour
	0,0028%
	0,0042%
	99,99%
	100,00%
	

	every day
	0,0001%
	0,0002%
	100,00%
	100,00%
	

	every month
	0,0000%
	0,0000%
	100,00%
	100,00%
	

	
	
	
	
	
	

	
	
	
	
	
	

	Traffic intensity
	Tx + Rx (mA)
	Wake-up (mA)
	eDRX 30 min (mA)
	Total (mA)
	Life time (year)

	every minute
	0,1667
	0,0625
	0,0557
	0,2848
	1,00

	every hour
	0,0028
	0,0010
	0,0559
	0,0597
	4,79

	every day
	0,0001
	0,0000
	0,0559
	0,0561
	5,10

	every month
	0,0000
	0,0000
	0,0559
	0,0559
	5,12


From these figure it can be observed that the small data traffic has no significant impact on the power consumption, unless it is more frequently send than every hour. In case the traffic intensity is every minute, the traffic is likely to drain the battery. 

Observation 5a: When small data traffic is sent every hour or more frequent the impact of traffic is significant on the battery life time. 

Observation 5b: When small data traffic is sent less frequently than every day the impact of traffic on the battery life time is small. 

<End of Text Proposal>
3 Conclusion

RAN2 is kindly asked to discuss this text proposal and capture it in TR 25.705:
Proposal 1: Discuss and agree on the Text Proposal presented in this contribution for 25.705. 
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