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1 Background
This contribution contains a Text Proposal (TP) for Power Saving enhancements to be captured in TR 25.705 [1]. This TP is based on proposals as presented in discussion document [2]. 
2 Text Proposal
<Start of Text Proposal>
6.4
Device power saving enhancements

Power consumption is critical for small data devices and it may even determine the device's lifetime, due to the relative high cost involved in exchanging the battery. But even for devices with an external power source low power consumption may be desirable to save energy. 
6.4.1
Longer DRX up to 40 seconds
The maximum DRX cycle length in Idle mode, CELL_PCH, URA_PCH and CELL_FACH (with second DRX) is 5.12 seconds. In this section the power savings with a longer DRX up to 40 seconds is evaluated. 
The main modem activities in DRX are depicted in Figure 6.4.1-1: 
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Figure 6.4.1-1: DRX activities. 
It takes some time for the UE to wake-up before it can start monitoring the PICH for incoming pages and system information modification change. During PICH monitoring the UE can perform intra-frequency measurements. In case the UE needs to perform inter-frequency or iRAT measurements then an additional radio on time is needed for that. Subsequently the UE can go to sleep mode again (i.e. ramp-down the radio). 
To assess the potential power savings the following model is used: 
Table 6.4-1: Power consumption model
	Aspect
	Value
	Unit

	Battery:
	
	

	AA lithium 3.6 V
	2,5
	Ah

	Power consumption:
	
	

	Rx
	50
	mA 

	Tx 
	50
	mA 

	Sleep mode (DRX)
	0,5
	mA 

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

	Sleep mode
	0,5
	mA 

	Ramp-up/down 
	25
	mA 

	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)

	Durations:
	
	

	PICH monitoring
	10
	msec

	Ramp-up
	14
	msec

	Ramp-down
	6
	msec

	Intra-frequency measurements
	10
	msec

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


Sleep mode is the power consumption level during sleep time in DRX. Deep sleep mode is the power consumption level during sleep time in PSM mode. The power consumption during sleep time is dependent on the UE implementation, and not directly coupled to the sleep duration: 
Sleep mode: RTC clock is running, synchronization is maintained, memory is maintained, UE performs "continuous" measurements when waking up, mobility is maintained, etc.

Deep sleep mode: Coarse (less accurate) RTC clock is running, synchronization is lost, UE needs to perform measurements "from scratch" when waking up (potentially making use of stored history information to improve measurement delays, however the UE may have moved), mobility is not maintained, RAN4 measurement requirements do not apply/exist, requires longer time to wake-up, etc.

The power consumption model does not claim to be accurate in every detail, and variation in modem implementations and use cases do exist. However the model aims to capture the main components in the correct order of magnitude. 

Based on the power saving model the power consumption in the different phases (ramp-up/down, PICH monitoring, inter-frequency measurements and sleep mode) and the battery lifetime can be calculated: 

	DRX cycle  (msec)
	Ramp-up/do (mA)
	PICH frame (mA)
	Inter-freq   (mA)
	Sleep         (mA)
	Total          (mA)
	Life time (weeks)
	Life time   (year)

	320
	1,5625
	1,5625
	0,4688
	0,4328
	4,0266
	3,7
	0,07

	640
	0,7813
	0,7813
	0,2344
	0,4664
	2,2633
	6,6
	0,13

	1280
	0,3906
	0,3906
	0,1172
	0,4832
	1,3816
	10,8
	0,21

	2560
	0,1953
	0,1953
	0,0586
	0,4916
	0,9408
	15,8
	0,30

	5120
	0,0977
	0,0977
	0,0293
	0,4958
	0,7204
	20,7
	0,40

	10240
	0,0488
	0,0488
	0,0146
	0,4979
	0,6102
	24,4
	0,47

	20480
	0,0244
	0,0244
	0,0073
	0,4990
	0,5551
	26,8
	0,52

	40960
	0,0122
	0,0122
	0,0037
	0,4995
	0,5276
	28,2
	0,54


Furthermore the relative power consumption figures (of the total power consumption) can be calculated:  

	DRX cycle  (msec)
	Ramp-up (%)
	PICH frame (%)
	Inter-freq (%)
	Sleep (%)

	320
	39%
	39%
	12%
	11%

	640
	35%
	35%
	10%
	21%

	1280
	28%
	28%
	8%
	35%

	2560
	21%
	21%
	6%
	52%

	5120
	14%
	14%
	4%
	69%

	10240
	8%
	8%
	2%
	82%

	20480
	4%
	4%
	1%
	90%

	40960
	2%
	2%
	1%
	95%


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

Observation 1: With a longer DRX up to 40 seconds the power consumption during sleep time becomes the dominating factor of the power consumption, i.e. determines the battery lifetime. 

Observation 2: With a longer DRX up to 40 seconds the battery lifetime is increased 40% compared to the power consumption with the maximum legacy DRX of 5 seconds. 

Observation 3: A battery life time in the order of years is not achievable unless the UE can go down to an ultra-low power consumption level (deep sleep mode).

Observation 4: With a longer DRX up 40 seconds the power consumption for inter-frequency or iRAT measurements becomes small.

To obtain an impression of the impact of traffic on the power consumption, the Small Data traffic figures, together with estimates of the 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. It was assumed that the UE requires 100 ms in CELL_FACH to transmit to the data, and subsequently is switched back into CELL_PCH (DRX) after 2 seconds: 

	Traffic intensity
	Tx duration (mA)
	Return DRX (mA)
	Total transmit (mA)
	Total transmit (%)

	High
	0,1667
	1,6667
	1,8333
	348%

	MediumHigh
	0,0028
	0,0278
	0,0306
	6%

	MediumLow
	0,0001
	0,0012
	0,0013
	0%

	Low
	0,0000
	0,0000
	0,0000
	0%


From these figures 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 minute 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 hour the impact of traffic on the battery life time is small. 

<End of Text Proposal>
3 Conclusion
RAN2 is kindly asked to: 

Proposal 1: Discuss and agree on the text proposal presented in this contribution for 25.705. 
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