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1 Introduction
In this contribution, we will make a quantitative analysis of the possible power consumption gain provided by the extended DRX cycle solution. The analysis will focus on the idle mode. For the connected mode, similar result is expected.

2 Discussion
2.1 Evaluation assumptions and methodology
In the evaluation, a simplified UE power consumption model as discussed in [1] is used, which is also listed in Annex A.1. The used traffic model is listed in Annex A.2. It is assumed that the UE will get the downlink response from the MTC server 800 ms after the uplink packet transmission.
The whole evaluation will be performed in 2 steps:
· Step 1: Evaluate the power consumption for one communication session. One communication session means one application level communication between the UE and the MTC server, which consists of the RRC connection establishment, uplink packet transmission and downlink response reception, as well as the RRC connection release.
· Step 2: Evaluate the comprehensive power consumption for extended DRX cycle, with different packet inter-arrival times. For each communication session between the UE and the MTC server in Step 2, the power consumption value for one communication session evaluated in Step 1 will be adopted.
Step 1 will be further elaborated in section 2.2, and Step 2 will be further elaborated in section 2.3.
2.2 Power consumption for one communication session
In the evaluation of the power consumption for one communication session, we will simulate the RRC connection establishment and release procedures, the data packet transmission and reception procedures, as well as the corresponding L1/L2 procedures. The simulation parameters are listed in Annex A.3. In the simulation, the transmission delay and processing latency for each RRC message is considered, referring to the analysis of C-plane latency in Annex B.1 of TR 36.912. 
Table 1 listed the number of subframes for each type of power usage (i.e. 
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) during one communication session, based on which we can then calculate the total consumed power and the total consumed time for one communication session. For
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, the average value, i.e. 2.5 unit/ms, is used in the calculation, because we don’t record the real UE TX power in the simulation.
Table 1: Consumed power and time for one communication session
	RRC inactivity timer
	Power usage type
	Number of sub-frames

	1s
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	258.71
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	50.44
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	1834.80

	
	Total consumed power: 403.15 unit

	
	Total consumed time: 2093.51 ms

	5s
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	458.65
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	5634.50

	
	Total consumed power: 641.09 unit

	
	Total consumed time: 6093.15 ms


2.3
Power consumption gain for extended DRX cycle
In the simulation, different extended DRX cycles will be evaluated, as listed in Table 2.

Table 2: Extended DRX cycles to be evaluated

	Extended DRX cycles

	5.12s, 10.24s, 20.48s, 40.96s，

81.92s, 163.84s, 327.68s


In [1], there were some discussions on whether UE shall perform cell (re-)selection and system information acquisition before each paging occasion and uplink transmission. 

Regarding the system information acquisition, some enhancements could be considered, e.g. check the Value Tag in SIB1 before acquiring other SIBs. However, UE has to wake up ahead of time and reserve enough time for acquiring other SIBs, just in case other SIBs were changed. On the other hand, UE implementation might optimise the system information acquisition based on the scheduling information, in which case UE reception is not continuous. For the sake of simplicity, we will evaluate the best case and the worst case separately. For the best case, it is assumed that UE could be timely notified with the system information change (e.g. modification period >= extended DRX cycle) and UE doesn’t need to acquire the system information before each paging occasion and uplink transmission. For the worst case, it is assumed that UE will take 200ms for the system information acquisition (for the most essential SIBs, i.e. MIB, SIB1 and SIB2) before each paging occasion and uplink transmission. 

Regarding the cell (re-)selection, it was understood that the UE may not always be necessary to perform cell (re-) selection before each paging occasion and uplink transmission, and it depends on the extended DRX cycle length and UE speed, which might need to be evaluated by RAN4. Since RAN4 will not be involved in the study phase and for the sake of simplicity, we will evaluate the best case and the worst case separately. For the best case, it is assumed that UE doesn’t need to perform cell (re-)selection before each paging occasion and uplink transmission. For the worst case, it is assumed that UE will take 100ms for the cell (re-)selection before each paging occasion and uplink transmission.
The parameters for the best case and the worst case are summarized in Table 3. In the following sections, we will evaluate the power consumption gain for the best case and the worst case respectively.
Table 3: Parameters for the best case and the worst case

	Case
	Parameter
	Value

	Best Case
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	Worst Case
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Note: for the worst case, 
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2.3.1
Evaluation result for the best case

Figure 1 and Figure 2 show the power consumption gain for different extended DRX cycles for the best case. The current maximum DRX cycle length of 2.56s is the reference value, and the power consumption values for different extended DRX cycles are all relative to the reference value.
Figure 1 shows the power consumption gain when “RRC inactivity timer” = 1s, from which we could have the following observations:

1) For the frequent data transmission (e.g. packet inter-arrival time=0.5 min), for the extended DRX cycle = 5.12s, 17% power consumption gain could be achieved. For the extended DRX cycle = 10.24s, 26% power consumption gain could be achieved. For the extended DRX cycle = 20.48s, 30% power consumption gain could be achieved. For the extended DRX cycle > 20.48s, the power consumption gain is saturated to 34%.
2) For the relative frequent data transmission (e.g. packet inter-arrival time=1 min), for the extended DRX cycle = 5.12s, 22% power consumption gain could be achieved. For the extended DRX cycle = 10.24s, 33% power consumption gain could be achieved. For the extended DRX cycle = 20.48s, 38% power consumption gain could be achieved. For the extended DRX cycle > 20.48s, the power consumption gain is saturated to 43%.
3) For the infrequent transmission (e.g. packet inter-arrival time >30 min), UE can’t achieve more power consumption gain even the packet inter-arrival time further increases. For the extended DRX cycle = 5.12s, 28% power consumption gain could be achieved. For the extended DRX cycle = 10.24s, 43% power consumption gain could be achieved. For the extended DRX cycle = 20.48s, 50% power consumption gain could be achieved. For the extended DRX cycle > 20.48s, the power consumption gain is saturated to 56%.
4) The power consumption gain saturation is due to the power consumption during sleep mode.
[image: image19.png]Relative power consumption

09

08

07

06

05

04

03

02

01

*| —— Packet interval=B0rmin

—+— Packet interval=0.5min
—+— Packet interval=1min
—— Packet interval=30min

0 50 100 150
DRX cyclelsec]

200 250 300




Figure 1: UE power consumption for the best case (RRC inactivity timer=1s)
Figure 2 shows the power consumption gain when “RRC inactivity timer” = 5s. It could be observed that less power consumption gain will be achieved when the “RRC inactivity timer” increases, e.g. for the frequent data transmission (e.g. packet inter-arrival time=0.5 min), only 20% power consumption gain could be achieved if the extended DRX cycle = 10.24s. However, for the infrequent transmission (e.g. packet inter-arrival time >30 min), quite similar power consumption gain as that for “RRC inactivity timer”=1s could be observed.
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Figure 2: UE power consumption for the best case (RRC inactivity timer=5s)
In summary, for the best case, we could have the following observations:
Observation 1: For the extended DRX cycle = 10.24s which could be supported by the current SFN space, up to 43% power consumption gain could be achieved.

Observation 2: If the extended DRX cycle is increased from 10.24s to 20.48s, up to 7% additional power consumption gain could be achieved.
Observation 3: The power consumption gain is saturated to 56%, which means up to 13% additional power consumption gain could be achieved if the extended DRX cycle is further increased from 10.24s.
2.3.2
Evaluation result for the worst case
Figure 3 and Figure 4 show the power consumption gain for different extended DRX cycles for the worst case. The current maximum DRX cycle length of 2.56s is the reference value, and the power consumption values for different extended DRX cycles are all relative to the reference value.
Figure 3 shows the power consumption gain when “RRC inactivity timer” = 1s, from which we could have the following observations:

1) For the extended DRX cycle <= 40.96s, UE power consumption even might increase.
2) For the extended DRX cycle > 40.96s, UE power consumption gain could be observed, which is saturated to 50%. 
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Figure 3: UE power consumption for the worst case (RRC inactivity timer=1s)
Figure 4 shows the power consumption gain when “RRC inactivity timer” = 5s. Quite similar power consumption gain as that for “RRC inactivity timer”=1s could be observed.
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Figure 4: UE power consumption for the worst case (RRC inactivity timer=5s)
In summary, for the worst case, we could have the following observations:

Observation 4: For the extended DRX cycle <= 40.96s, UE power consumption even might increase.
Observation 5: For the extended DRX cycle > 40.96s, UE power consumption gain could be observed, which is saturated to 50%.
3 Conclusion

In this contribution, we made a quantitative analysis of the possible power consumption gain provided by the extended DRX cycle solution. 

We evaluated the power consumption gain for the best case and the worst case separately. For the best case, it is assumed that UE doesn’t need to acquire the system information and perform cell (re-)selection before each paging occasion and uplink transmission. For the worst case, it is assumed that UE will take 200ms for the system information acquisition and take 100ms for the cell (re-)selection before each paging occasion and uplink transmission.
For the best case, we had the following observations:

Observation 1: For the extended DRX cycle = 10.24s which could be supported by the current SFN space, up to 43% power consumption gain could be achieved.

Observation 2: If the extended DRX cycle is increased from 10.24s to 20.48s, up to 7% additional power consumption gain could be achieved.
Observation 3: The power consumption gain is saturated to 56%, which means up to 13% additional power consumption gain could be achieved if the extended DRX cycle is further increased from 10.24s.
For the worst case, we had the following observations:

Observation 4: For the extended DRX cycle <= 40.96s, UE power consumption even might increase.

Observation 5: For the extended DRX cycle > 40.96s, UE power consumption gain could be observed, which is saturated to 50%.
Based on the observations above, it is debatable whether extended DRX cycle is a promising solution for UEPCOP, given that the power consumption gain is only 56% at the most. The main motivation for UEPCOP is to address sensor type MTC devices that run on battery, for which it is a major cost to on site exchange (or charge) the batteries and the battery lifetime may even determine their lifetime. The extended DRX cycle solution can’t allow the sensor type MTC devices to stand-by for several years.

Proposal 1: Discuss whether the extended DRX cycle solution should be adopted as one UEPCOP solution.
If RAN2 agrees to adopt the extended DRX cycle solution as one UEPCOP solution, we believe that the extended DRX cycle > 10.24s is not so attractive, considering that significant system impacts are expected however limited additional power consumption gain could be achieved.

Proposal 2: If RAN2 agrees to adopt the extended DRX cycle solution as one UEPCOP solution, the extended DRX cycle should not be more than 10.24s.
If RAN2 agrees to adopt the extended DRX cycle solution as one UEPCOP solution, enhancements should be considered so that UE doesn’t need to acquire the system information and perform cell (re-)selection before each paging occasion and uplink transmission, otherwise UE power consumption gain couldn’t be achieved as expected.

Proposal 3: If RAN2 agrees to adopt the extended DRX cycle solution as one UEPCOP solution, enhancements should be considered so that UE doesn’t need to acquire the system information and perform cell (re-)selection before each paging occasion and uplink transmission.
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5 Annex A
A.1 Power consumption model
A simplified UE power consumption model is illustrated as below. 
Table 4: UE power consumption model parameters
	Parameter
	Value
	Comments
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	1 unit/ms
	Power consumed for RX. For simplicity, it applies during both 
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	1-4 unit/ms
	Power consumed for TX, which is transmit power relevant.

The value is 1 unit/ms when transmit power is 0dBm and below, and is 4 unit/ms when transmit power is 23dBm. Linearly scaled with transmit power in between 1mW and 10^2.3mW.
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	0.01 unit/ms
	Power consumed during sleep mode, including power consumed for low accuracy clock and memory maintaining, leakage current (e.g. caused by power management unit), etc.
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	34 ms
	Time for UE preparation, which consists of the warm-up time, cell search and synchronization time. Here, the minimum requirement for UE SCell activation for Rel-10 CA is referred (assuming the SCell can be successfully detected on the first attempt).
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	1 or 2 ms

	Time that UE is on duty. For idle mode, the value is 1ms (one paging occasion). For connected mode, it is assumed that the value is configured as 2ms (onDurationTimer).
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	0 ms
	Time for UE shutdown. Here, it is omitted because generally the value is less than 0.5ms.


A.2 Traffic model
Table 5: Traffic model

	Parameters
	Value

	Packet size (UL packet and DL response, UDP)
	1K bytes

	Interval between UL packet and DL response
	800ms

	Packet inter-arrival time
	0.5min, 1min, 30min, 60min


A.3 Simulation parameters
Table 6: Simulation parameters
	Parameters
	Value

	Cell layout
	Hexagonal grid, 19 sites, 3 cells per site, with wrap-around

	Cell bandwidth
	10 MHz

	Duplex mode
	FDD

	Carrier frequency
	2GHz

	Inter-site distance
	500m

	Antenna configuration
	2 Tx , 1 Rx (eNB); 

1 Tx, 2 Rx (UE)

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 25 dB

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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 = 10,  SLAv = 20 dB

The parameter 
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used.

	Combining method in 3D antenna pattern
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	Total BS TX power
	46 dBm

	UE power class
	23 dBm

	Channel model
	SCM

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km)

	Lognormal shadowing model
	Reference to B1.4.1.4 in UMTS TR30.03

	Lognormal shadowing standard deviation
	8dB

	Correlation distance of shadowing
	50m

	Penetration loss
	20dB

	CQI measurement period
	5 ms

	SRS reporting period
	5 ms

	Max number of ARQ transmission
	16

	Max number of HARQ transmission
	3

	Number of UEs (per cell)
	25 

	UE drop scheme
	Randomly and uniformly distributed within a cell

	Long DRX cycle
	40 ms

	On duration timer
	2 ms

	DRX inactivity timer
	5 ms

	RRC inactivity timer
	1s, 5s
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