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1
Introduction
We present some initial simulation results on power consumption and signalling load for a simple background traffic model. These are compared for different configurations having different RRC release timers and connected mode DRX parameters.
2
Simulation model
In order to get an initial understanding of the power consumption and RRC signalling load with background traffic, we simulated simple background traffic using 3GPP Case 1 scenario with 57 macro cells and 500 m inter-site distance. We tested different UE velocities, different RRC release timer values and different connected mode DRX parameters.

The background traffic model was assumed to have a single packet per burst and inter-burst arrival time geometrically distributed with a mean of 30 seconds. The packet size was also from geometric distribution with a mean of 100 bytes. For instance, Skype IM generates similar traffic in background mode. TCP was not used in these simulations.

For further details of the simulation model, see Appendix.
3
Power consumption
First simulations were run without connected mode DRX, i.e., when the UE is in RRC_CONNECTED state, it constantly monitors PDCCH. The RRC release timer values were varied from 1s to 100 s. Figure 1 shows the results. With RRC release timer of 100 s, the UE is practically all the time in the connected mode since the mean inter-burst arrival time was 30 s. With 30 s RRC release timer, UE sometimes goes to IDLE between traffic bursts. With shorter RRC release timer values, UE spends more and more time in IDLE mode and significant power savings are possible: for slowly moving UEs, the power consumption with 1 s RRC release timer is only one tenth of the CONNECTED mode power consumption. Higher velocity causes more power consumption due to more handovers (measurement reporting and handover signalling reset the RRC release timer). The power consumption estimates are taken from [1].
Observation 1: RRC release timer has a significant impact on the UE mean power consumption when DRX is not used.
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Figure 1 Mean power consumption of background traffic with different UE velocities and RRC release timer values, no DRX.
Significantly lower UE power consumption is achieved with connected mode DRX as can be seen from Figure 2. DRX long cycles of 80, 160 and 320 ms are shown. In the simulations also DRX short cycle was used with 40 ms cycle length and the short cycle timer was assumed to be half of the long cycle length.
The power consumption with DRX on is reduced more than 90%. It can be seen that longer DRX cycles reduce the power consumption further. The RRC release timer value has smaller effect, especially with longer DRX cycles. 
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Figure 2 Mean power consumption with different DRX long cycle lengths and different RRC release timer values, background traffic model with 30s inter-burst arrival time, UE velocity of 3 km/h.
Observation 2: Use of DRX significantly reduces the power consumption. Shorter RRC release timer helps also with DRX but the impact is smaller especially when DRX cycle length is increased.
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Figure 3 Mean power consumption with different intervals of traffic bursts and different RRC release timers, DRX cycle length of 160 ms, UE speed of 30 km/h
Figure 3 shows the power consumption with different traffic burst inter-arrival times. It is seen that power consumption increases when there is more traffic (shorter inter-arrival times). Short RRC release timers help as long they are clearly shorter than the mean inter-burst arrival time.
4
RRC message load
The amount of RRC messages sent during the simulation was monitored. RRC connection establishment messages (RRCConnectionRequest, RRCConnectionSetup, RRCConnectionSetupComplete), initial security activation messages (SecurityModeCommand, SecurityModeComplete), radio bearer establishment messages (RRCReconfigurationRequest, RRCReconfigurationComplete), RRC release message, handover messages (measurement report, handover command and handover complete) and RRC connection re-establishment messages (RRCConnectionReestablishmentRequest, RRCConnectionReestablishment, RRCConnectionReestablishmentComplete) were counted.
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Figure 3 Number of RRC messages per cell per second for different RRC release timer and DRX long cycle lengths, 3 km/h.

Figure 3 shows the average number of RRC messages per cell per second with UE speed 3km/h for different RRC release timer values and different DRX long cycle lengths. Due to low UE speed, handovers are fairly rare and RRC release and establishment messages dominate. It is clearly seen that for low UE speeds from RRC message load point of view, it is better to keep UEs in connected mode and not release them to IDLE.
Figure 4 shows the same results for higher UE speed of 30 km/h. With higher speed, the amount of handovers is increased and thus the amount of RRC signalling also in connected mode is increased.
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Figure 4 Number of RRC messages per cell per second for different RRC release timer and DRX long cycle lengths, 30 km/h. 
Observation 3: From RRC signalling load point of view it is better to keep UEs in connected mode, i.e., to have longer RRC release timer, although for higher UE speeds the amount of handovers increases and the amount of RRC messages at connected mode increases.
5
Conclusion
Power consumption and RRC signalling load was studied with different RRC release timer lengths, different DRX cycle lengths, different UE speeds and different background traffic inter-burst arrival times.
From power consumption point of view it is better to use shorter RRC release timer lengths whereas from RRC signalling load point of view, longer RRC release timer lengths are better, especially at low and medium speeds. 
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Appendix: Simulation parameters
	Feature/Parameter
	
	Value/Description

	DRX
	Long cycle length

Short cycle length

Short cycle duration

Inactivity timer

On duration timer
	80, 160, 320, 640, 1280, 2560 ms

40 ms

½ long cycle length (max 640 ms)

10 ms

5 ms

	RRC release timer
	
	1, 5, 10, 30, 100s

	Traffic model: background
	Packets per burst

Packet size

Idle time between bursts
	1

Geometric distr with mean 100B

Geometric distr with mean 30s

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	180 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	11

	Number of control symbols per TTI
	
	3

	3GPP Macro Cell Scenario
	Cell layout
Inter site distance (ISD)

Indoor penetration loss
	57 sectors/19 BSs
500 m

20 dB

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10(r)

	BS Tx power
	
	46 dBm

	Shadowing
	Standard deviation
Correlation between cells/sectors

Correlation distance
	8 dB
0.5/1.0

50 m

	Multipath delay profile
	
	Typical Urban

	UE velocity
	
	0, 3, 30, 60 km/h

	UE movement
	
	Random

	RSRP Measurement (IDLE)
	L1 measurement cycle

Measurement bandwidth

Measurement error standard deviation

L1 sliding window size
	1280 ms

6 RBs
2dB

2

	RSRP Measurement (CONNECTED)
	L1 measurement cycle
Measurement bandwidth

Measurement error standard deviation
L1 sliding window size
	40 ms or DRX cycle length

6 RBs

2 dB


5

	Cell reselection (IDLE)
	Qhyst
Treselection
	3 dB
256 ms

	Handover (CONNECTED)
	Threshold

Hysteresis

Time to trigger
	2 dB

1 dB

256ms

	Radio link failure monitoring
	Qout threshold

Qin threshold
T310
	-10 dB

-6 dB

1000 ms

	Cell identification
	
	Enabled

	Receiver diversity
	
	2RX MRC

	Number of calls
	
	50 simultaneous UEs per cell

	DL Interference load
	Macro
	50% RBs loaded


