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1
Introduction
This document shows simulation results of handover and power consumption performance for user equipments (UE) using background data applications. The simulation traffic model parameters for the background applications e.g., simultaneus Skype, Google Talk and Facebook background processes, are derived from the previous traffic trace measurements which were conducted for EDDA WI [1]. The aim is to show how different discontinuous reception (DRX) configurations and UE velocities affect the handover and power consumption of the LTE UEs in a dense cellular network with homogeneous deployment. The handover and the power consumption issues were investigated to verify whether low priority services may have a negative effect on the UE power consumption and user experience if UE is kept in the RRC connected state continuously. Although it is known that the UE power consumption can be improved by using DRX, but using DRX configuration may have a negative effect on the UE handover performance if the handover decisions are postponed due to long DRX sleep periods.
Three different principles are considered in these evaluations:

· UE in RRC connected state is preferred, optimized for UE power consumption performance.

· UE in RRC connected state is preferred, optimized for UE handover performance.

· UE idle state is preferred.

If UE RRC connected state is preferred and DRX parameters are optimized from the minimum UE power consumption point of view so the UE remains in the RRC connected state with long DRX sleep periods. However, the drawback of this strategy is that the UE quality of service (QoS) may degrade. The mobility performance can get poor if the handover decisions are postponed too much due to the long DRX sleep periods. This can result into radio link failures (RLF) and an additional signaling is needed to establish the RRC connection again. On the other hand, if UE RRC connected state is preferred and the performance is optimized from the mobility point of view, e.g. by utilizing shorter DRX sleep periods, then UE will consume more power but can perform better during the handover situations.
If a transition to UE idle state is preferred then the power consumption and the signaling between UE and eNB can be reduced. However, the drawback of the idle state is that the background applications can activate the state transitions from the RRC idle to the RRC connected quite frequently, which on the other hand, increases the network signaling load due to the connection establishments. In this paper, the UE idle performance was not simulated since it was assumed that the used background traffic model would not be feasible for idle transitions.
2
Simulation Scenario
The simulation scenario was a dense macro scenario with regular hexagonal topology. The seven innermost sites, i.e. the first and second tier of sites, were normal sites from which the call state statistics were collected. An additional outer tier, with 12 sites that were only causing interference to the inner tier was simulated to provide stable interference conditions. Since the UE traffic profile was a background traffic profile with a rather infrequent packet transmissions the UE calls were configured to be very long to accommodate the “always-on” type of application paradigm. Moreover, since the background traffic itself does not cause much load to the network, all sites were configured with enough background traffic so that each site was fully loaded to produce an interference-limited simulation scenario. 300 UEs were distributed uniformly among the normal sites at the beginning of the simulation. UE velocities 3 km/h, 30 km/h, 60 km/h and 120 km/h were considered in different simulation cases. 
Main simulation parameters are listed in Table 1 and more detailed list of the simulation assumptions are shown in Appendix A. The downlink traffic profile was estimated from the earlier traffic trace measurements [2]. The traffic profile consisted of single packet data bursts with mean inter-arrival rate of 3.4 seconds and mean packet size of 170 bytes. Handover parameters were similar to the configuration set 3 in HetNet WI [3]. The long DRX cycle length parameter varied from 80 to 640 TTI. The short DRX cycle length was configured to 40 TTI cycle and the time duration to follow the short DRX pattern was ½ of the long DRX cycle length after the last received data packet. The on duration timer in all DRX cases was set to 5 TTIs and the inactivity timer was set to 10 TTIs.
Table 1: Traffic model
	Feature/Parameter
	Notes
	Value/Description

	UE traffic model
	Estimated from trace measurement
	Fitted single distribution

	Packet inter-arrival rate [s]
	Geometric distribution
	Estimated mean 3.41s

	Packet size [B]
	Geometric distribution
	Estimated mean 170 B

	A3 margin [dB]
	UE measurement reporting parameters
	2 dB

	A3 time to trigger [ms]
	
	160 ms

	L3 filtering (coefficient)
	
	k=1

	Long DRX cycle length [ms]
	DRX configuration parameters
	80, 160, 320, 640

	Short DRX cycle length [ms]
	
	40

	Short DRX cycle duration [ms]
	
	1/2 of the long DRX cycle length.

	OnDuration timer [ms]
	
	5

	Inactivity timer [ms]
	
	10


3
Simulation Results
The simulation results consist of mean power consumption results and handover performance results. The UE power consumption model was defined in a similar way as in R2-071285 [4] and it only considers the power consumption of RF modem part excluding other power consumption sources as processor and display. The mobility performance is evaluated by observing connection re-establishment rates due to RLFs and handover success rates.
3.1
UE Power Consumption Results
The power consumption results consist of mean power consumption and relative average battery duration bar plots which are normalized by the 3 km/h no DRX simulation results. The normalized average power consumption is shown in Figure 1 and the relative battery duration is shown in Figure 2. The power consumption decreases heavily if DRX is enabled. Background applications do not cause much loading to the network, and therefore, UEs do not need to transmit or receive packets frequently. 
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Figure 1: Normalized average power consumption
In Figure 1, the power consumption decreases more than 90% just by enabling the DRX. Longer DRX cycle improves the power consumption even further but differences are rather small. If only a short DRX pattern is considered without data reception (5 active TTIs per 40 TTI cycle) the gain would be around 87.5% and long DRX cycles can improve the performance even further due to the infrequent packet inter-arrival rate. Figure 2 shows the relative battery durations based on the average power consumption values. Longer DRX cycle length has a large effect on the battery durations. For 3 km/h UEs, the shortest DRX configuration performed more than 10 times better and the longest DRX configuration more than 40 times better in performance by means of battery duration.     
Observation 1. With low mobility or no mobility cases, UE kept in RRC connected state is preferred and long DRX cycle length should be used for power savings. 
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Figure 2: Relative battery duration
3.2
RLF Re-establishment Results
Handover performance results consist of RLFs per successful handovers as shown in Figure 3 and total number of handover and RRC re-establishments per UE per second results as shown in Figure 4. The RLFs per successful handovers are derived by dividing the total number of RLFs with the total number of handovers and the result is used to show how the likelihood for RLFs changes compared with the successful handovers due to the different DRX configurations.  
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Figure 3: RLFs per successful handovers 
Figure 3 indicates that long DRX cycle length introduces RLF and handover problems for high UE velocities. In 3 km/h case there’s no RLFs at all and 30 km/h case is quite robust against the RLF problems which occur due to the DRX. However, for 60 km/h and 120 km/h velocities the RLF per HO performance decreases quite much. The degradation is due to postponed handover decisions since most of the RLFs occurred in a situation where UE is not able to receive RRC Connection Reconfiguration message from the eNB.
Total number of handover and RLF RRC events per UE per second is shown in Figure 4. If UE velocity is low, the rate for RRC events is low mainly due to lower handover rate, i.e. less frequent handovers. However, both the handover rate and the RLF rate increase with the velocity. It was observed that DRX configuration affects the RRC events per UE per second rate as well. Longer DRX cycle length tends to reduce the number of handovers but increase the number of RLFs. However, as seen in the Figure 4, total number of RRC events per UE per second decreases for 30 km/h, 60 km/h and 120 km/h UEs. This is due to the fact that the number of handovers per UE per second degraded more than number of RLFs per UE per second increased. 
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Figure 4: Total HO and RLF RRC signaling events per UE per second
Observation 2. With high mobility cases, UE kept in RRC connected idle state or in RRC connected state with short DRX cycle length is preferred.

4
Conclusion
We have analysed the results of the always-on background traffic DRX simulations, and made the following observations:
· The longer simulated DRX cycles have large beneficial effects on the UE power consumption.
· However, long DRX cycles can have a negative effect on the UE mobility performance especially in case of higher UE velocities.
· If minimum UE power consumption is considered, it would be beneficial to have different power saving strategies for low mobility and high mobility UEs.

Observation 1. With low mobility or no mobility cases, UE kept in RRC connected state is preferred and long DRX cycle length should be used for power savings. 

Observation 2. With high mobility cases, UE kept in RRC connected idle state or in RRC connected state with short DRX cycle length is preferred.

Based on these, we make the following proposals:

Proposal 1: The results from this document should be added to 3GPP TR 36.822
References

[1] 3GPP TR 36.822, LTE RAN Enhancements for Diverse Data Applications (Release 11).
[2] 3GPP R2-116171, Trace data analysis for eDDA, Renesas.
[3] 3GPP TR 36.839, Mobility Enhancements in Heterogeneous Networks (Release 11).
[4] 3GPP R2-071285, DRX parameters in LTE, Nokia
Appendix A: Simulation parameters
	Feature/Parameter
	Notes
	Value/Description

	Bandwidth
	
	10 MHz

	3GPP Macro Cell Scenario
	Regular hexagonal grid
	57 sectors/19 BSs

	
	Inter site distance (ISD)
	0.5 km

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

	BS Tx power
	Macro
	46 dBm

	Shadowing standard deviation
	Macro
	8 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro
	25 m

	Multipath delay profile
	
	Typical Urban

	UE velocity
	
	3, 30, 60, 120 km/h

	UE movement
	How do the UEs move in the cell?
	Straight line throughout the call

	UE placement
	7 Innermost sites
	Uniformly distributed

	RSRP Measurement
	L1 measurement period

Measurement bandwidth

Measurement error standard deviation
L1 sliding window size
	40 ms
6 RBs

2 dB

5

	Handover measurements
	A3 threshold

Time-to-trigger

L3 filter-coefficient
	2 dB

160ms

1

	Handover preparation time
	Time from reception of UL A3 measurement report to sending HO command
	50 ms

	Radio link failure monitoring
	Qout threshold

Qin threshold
T310

N310
	-8 dB

-6 dB

1000 ms

1

	Cell identification
	
	Ideal

	RRC signalling
	How are UL reports and HO commands modelled?
	RRC messages Sent Over Air

	Transmit mode
	UE receiver assumption
	1x2 MRC

	Number of calls/simulation
	
	300 calls, call length was long

	DL Interference load
	Macro
	100% RBs loaded in all sites

	UL Interference load
	
	0% RBs loaded in all sites

	
	
	



