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1 Background
In RAN2#88 potential power saving enhancements for small data devices were discussed [1], [2]. The following agreements and FFS were noted:
· Study the feasibility of longer DRX up to 40 seconds.  

· Power saving enhancements will not be applicable to CELL_DCH state.  

· FFS for what other states these enhancements will be applicable to.  

· The impact of UE measurements on power consumption for UEs performing longer DRX operation should be taken into account

In this contribution the impact of a longer DRX up to 40 seconds is evaluated, and the open issues are discussed. First the supported RRC states for a longer DRX up to 40 seconds are discussed in section 2.1. Next different aspects of a longer DRX up to 40 seconds are analysed in section 2.2.

2 Discussion
2.1 Supported RRC states with a longer DRX 
The applicable RRC states for a longer DRX up to 40 seconds were discussed in RAN2#88. It was agreed that CELL_DCH state is not applicable, i.e. a small data device has little data to send and receive, and would not spend much time in CELL_DCH. CELL_FACH is also a state where the UE can transmit and receive data, but traditionally CELL_FACH has been considered a "transient" state, however with the introduction of the second DRX the UE may remain longer time in CELL_FACH. 
Idle mode (with PSM mode) and PCH states are considered typical dormant states for small data devices, i.e. a state where the small data device resides a long time. The measurement requirements in Idle mode and PCH are similar. The current measurement requirements in CELL_FACH are stronger compared to Idle and PCH states (CELL_FACH is a data transmission state), which could make extension of the DRX cycle length potentially more complicated. 
Proposal 1: Study a longer DRX up to 40 seconds in Idle, CELL_PCH and URA_PCH.
It can be discussed further if the DRX in CELL_FACH should be extended. 

2.2 Evaluation of a longer DRX up to 40 seconds

In this section the power savings of a longer DRX up to 40 seconds are evaluated. With the help of a simple power consumption model some observations are made for a longer DRX up to 40 seconds. Furthermore the measurement requirements and mobility issues are discussed.
2.2.1 Power consumption with a longer DRX
To assess the power savings a simple power consumption model is used, which includes the most significant aspects determining the battery lifetime. In the figure below the modem activities in DRX are depicted in more detail, i.e. the main components of the power consumption are depicted:
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Figure 1: Power consumption model. 
When the UE wakes-up out of DRX, which takes some time, it has to monitor the PICH for incoming pages and perform measurements. Intra-frequency measurement can be performed during PICH monitoring. Inter-frequency or iRAT measurements cannot be performed during PICH monitoring in case only one radio is used. PICH monitoring may not take a complete 10 ms frame, i.e. is dependent on the number of paging occasions. In this model it is assumed that simultaneous PICH monitoring and intra-frequency measurements take a complete frame (10 ms). Inter-frequency and/or iRAT measurements are only performed when needed, i.e. dependent on the radio conditions (when inter-frequency or iRAT measurements are performed one frequency is assumed to be measured every DRX cycle). In this model it is assumed that in 30% of the wake-up periods inter-frequency or iRAT measurements of 10 ms duration are performed. 

The following values are used with this power consumption model: 
	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 (DRX)
	0,5
	mA 

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

	Ramp-up/down 
	25
	mA 

	Latencies:
	
	

	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

	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)


Explanation of power consumption model: 

· A difference is made between the transmission power needed under "good" radio conditions and "bad" radio conditions. The difference is mainly explained by the additional power needed for Power Amplification (PA). 

· Sleep mode is the power consumption in sleep time in DRX.
· Deep sleep mode is the power consumption in sleep time in PSM mode. 
· The traffic mode is taken from the agreed traffic figures for Small Data in TR 25.705.
· Power consumption due to system information reading is not considered. System information is not assumed to change frequently (paging). System information reading due to mobility is expected to have low impact. 
Thus when the UE is only monitoring PICH for incoming pages, performs measurements, i.e. remain connected and reachable, the following power consumption pattern applies:
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Figure 2: Power consumption PICH monitoring (Rx only).
When there is no traffic the UE would go repeatedly up to listen, and then go back to sleep for a relatively long period again. When there is either UL or DL traffic the UE would go out of DRX, and after data transmissions are completed go back into DRX again after some time. For small data device use cases, the typical traffic scenario is expected to be UL triggered with some DL (control) traffic. It is more costly to transmit data, especially under bad radio conditions, compared reception of data. UL only (or DL only) traffic scenarios are expected to be rare. As a reference the expected power consumption level when the UE is in deep sleep mode, typically associated with Power Save Mode (PSM) is also depicted. 
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. 

Power consumption when monitoring paging only

With the 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 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 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. 
The first observation is different from the behaviour with a typical legacy DRX cycles of 1.28 or 2.56 seconds where the radio on duty cycle is the main factor, i.e. how long does the UE have to have the radio on to monitor paging, measure and read system information. But with a longer DRX the power consumption in sleep time becomes more important and dominant.  

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. 

An improvement of the battery life time can be obtained with a longer DRX up to 40 seconds, however, this does not seem to be a very significant gain and it is not clear if this is sufficient for small data use cases.

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).
With a longer DRX the battery consumption in between wake-up periods becomes the dominant factor for the battery lifetime. To obtain a battery lifetime in the order of years, the power consumption in between wake-up periods has to go down in the order of (tens of) µA (deep sleep mode).
Observation 4: With a longer DRX up 40 seconds the power consumption for inter-frequency or iRAT measurements becomes small.

Intra-frequency measurements can be performed during PICH monitoring, which has to happen anyways. However inter-frequency and iRAT measurements would require additional time to have the radio on. However even when inter-frequency/iRAT measurements are performed 30% of the wake-up periods, the impact of these measurement time is rather small with a longer DRX up to 40 seconds. It is also noted that in case the UE would wake-up only to perform measurements, then the UE could potentially ramp-up and ramp-down more quickly (compared to the value used in this power consumption model) and the power consumption during these measurements-only wake-ups could potentially be lower compared to a normal wake-up period, i.e. UE implementation could be optimized to perform measurements only. 
Power consumption when sending data
To obtain an impression of the impact of traffic on the power consumption, 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 was assumed that the UE requires 100 ms in CELL_FACH to transmit to the data (Tx+Rx), and subsequently is switched back into CELL_PCH (DRX) after 2 seconds (Rx only): 

	Traffic intensity
	Transmit phase (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 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 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. 

It should be noted that when the radio coverage conditions are bad (bad coverage), or when there is high uplink interference, and the UE needs to transmit with a high power, the power consumption to transmit a certain amount of data is significantly increased due to power amplification (PA). Furthermore there is more signalling overhead to transmit or receive data when in Idle mode compared to Connected mode. 
2.2.2 Measurements and mobility
When the UE is in DRX the UE wakes-up periodically to perform measurements with the intention to continuously camp on the strongest cell while monitoring paging for changes in system information and receive incoming calls/data. Thus, while moving around, the UE remains synchronized and connected to the system, by continuously measuring the quality of the current cell, and attempting to detect any new cells by means of intra-frequency, inter-frequency or iRAT measurements (see also Figure 1). Typically intra-frequency measurements are sufficient to maintain mobility and connectivity (i.e. single frequency coverage), but in some cases inter-frequency or iRAT measurements may be needed to retain connectivity. 
The RAN4 measurement requirements in TS 25.133 [3] are defined in such a way that the UE is only required to measure when waking up to listen to paging, i.e. the measurement requirements scale with the configured DRX cycle length. This is efficient because the UE is able to perform intra-frequency measurements during PICH monitoring, and furthermore there is overhead involved to wake-up and perform the measurements.
The RAN4 measurement requirements with DRX in Idle mode and CELL_PCH/URA_PCH state are identical [3]. The measurement requirements in CELL_FACH with DRX are different and stronger, because in CELL_FACH the UE is able to send and receive data (i.e. stronger requirement to be on the best cell). When the UE is in DRX in Idle mode or CELL_PCH/URA_PCH state then it can be investigated if the RAN4 measurement framework can be extended to include a longer DRX up to 40 seconds (see table 4.1 in TS 25.133): 
	DRX cycle length [s]
	Nserv [number of DRX cycles]
	TmeasureFDD [s] (number of DRX cycles)
	TevaluateFDD [s] (number of DRX cycles)

	0.08
	4
	0.64 (8 DRX cycles)
	2.56 (32 DRX cycles)

	0.16
	4
	0.64 (4)
	2.56 (16)

	0.32
	4
	1.28 (4)
	5.12 (16)

	0.64
	4
	1.28 (2)
	5.12 (8)

	1.28
	2
	1.28 (1)
	6.4 (5)

	2.56
	2
	2.56 (1)
	7.68 (3) 

	5.12
	1
	5.12 (1)
	10.24 (2)

	10.24
	1
	10.24 (1)
	20.48 (2)

	20.48
	1
	20.48(1)
	40.96(2)

	40.96
	1
	40.96(1)
	81.92(2)


The possible extension described in the table above, requires the UE to measure at least every DRX cycle (up to 40 sec), and it requires the UE to take the average of the last two measurements to evaluate cell re-selection:
· TevaluateFDD: defines how many measurements the UE shall evaluate for cell re-selection
. 

· TmeasureFDD: defines how often the UE shall measure
Furthermore there are separate requirements how quickly the UE shall be able to detect new cells, and requirements to detect changes in already detected cells (current cell).

The evaluation latency (TevaluateFDD), with the intention to filter out peaks, influences the cell re-selection latency. In the current RAN4 "DRX framework" is assumed that measurements in consecutive DRX cycles are correlated. But when the DRX cycle becomes very long this can no longer be assumed, and evaluation of measurements from different DRX cycles is not useful. In case the UE wakes-up from a very long sleep period in PSM mode for example, the measurements performed during the previous wake-up period can no longer be considered "valid", i.e. the UE has to perform measurements "from scratch". The correlation between measurements in consecutive DRX cycles is strongly connected to the UE mobility. It should be noted that the existing RAN4 DRX framework assumes that the measurement requirements are strong enough to guarantee that the UE in most cases continuously remains connected to the strongest cell. But also in the existing measurement framework it may happen that the UE loses the cell (e.g. when turning the corner in a high rise urban environment). In 25.133 it is also specified what the UE should do when it "loses the cell", i.e. if the S-criteria is not fulfilled during Nserv consecutive DRX cycles, the UE is required to search for a better cell as indicated in system information (see section 4.2.2.1 in TS 25.133). If no suitable cell is found within 12 seconds the UE shall initiate cell select (i.e. search for any cell on any frequency). A UE in CELL_PCH/URA_PCH is considered "out of service" in such case.
Potentially the RAN4 measurement framework in Idle and PCH state can be extended to include a DRX cycle length up to 40 second, however further analysis is required, and RAN4 is the working group to set the requirements. The following options (and variants thereof) can be identified as potential outcome of such analysis for a DRX up to 40 seconds:
1. Full mobility is supported
2. Limited mobility is supported (e.g. slow moving UE only)
3. Mobility is not supported 

4. Full mobility is supported, but measurements do no longer scale with DRX cycle length. UE has to wake-up only to perform measurements i.e. to maintain full mobility support

5. New measurement requirements, i.e. "PSM like" measurement requirements: no correlation with measurements in previous DRX cycle is assumed, i.e. UE may have moved out of the cell. 

3 Summary

RAN2 is kindly asked to discuss power saving enhancements for small data devices: 

Proposal 1a: The power saving enhancements for small data devices are not applicable to CELL_FACH. 

Proposal 1b: Study a longer DRX up to 40 seconds in Idle, CELL_PCH and URA_PCH.

Furthermore RAN2 is kindly asked to discuss the following observations for small data devices:

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.

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. 
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� See section 4.2.2.2 TS 25.133: The filtering shall be such that the UE shall be capable of evaluating that an intra-frequency cell has become better ranked than the serving cell within TevaluateFDD (see table 4.1), from the moment the intra-frequency cell became at least 3 dB better ranked than the current serving cell, provided that Treselection timer is set to zero and either CPICH Ec/Io or CPICH RSCP is used as measurement quantity for cell reselection. 
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