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1
Introduction
To better study the UE performance in the Hetnet scenario [1], additional simulations were also run with DRX to study the power consumption impacts of EDDA background traffic model [2] in Hetnet scenario. The aim is to show how different discontinuous reception (DRX) configurations and high UE velocities affect the handover and power consumption of the LTE UEs in a dense heterogeneous environment consisting of 57 macro cells and 30 pico cells. It is known that the UE power consumption and battery duration can be improved by using DRX. However, DRX configuration may have a negative effect on the UE handover performance if the handover decisions are postponed due to long DRX sleep periods.

Two different network optimization strategies are considered:

· Network is optimized emphasizing the UE power consumption performance.

· Network is optimized emphasizing the UE handover performance.

If UE DRX parameters are optimized from the UE power consumption point of view then the UE remains in the RRC connected state by using long DRX sleep periods. However, the drawback of this strategy is that the UE mobility performance may degrade if handover decisions are postponed too much due to the long DRX sleep periods. This may result in radio link failures (RLF) and an additional signaling is needed to re-establish the RRC connection. In the worst case, the RRC connection reestablishment fails and the UE reconnects to the network via IDLE state. 
If UE DRX parameters are optimized from the mobility point of view then shorter DRX sleep periods are preferred. This guarantees that UEs do measurements often enough. In this case, UE power consumption is higher but it is less likely that handovers get postponed too much. Several companies have concluded that fast handover triggering is needed in HetNet environment. During HetNet calibrations the handover Set4 with TTT of 80ms was found to perform much better than Set1 with TTT of 480ms. Since handover optimization seems to be time critical in HetNet environment, the additional delays due to long DRX sleep period needs to be taken into account.

Conclusion 1: Handover optimization is time critical in small cell environment and therefore additional delays due to long DRX sleep period needs to be taken into account.

2
Simulation Scenario
The simulation scenario was the HetNet scenario but without the PDCCH failure model as described in [3]. The UE traffic profile was a background traffic profile consisting of single packet data bursts with mean inter-arrival rate of 3.4 seconds and mean packet size of 170 bytes. Since the traffic profile results in rather infrequent packet transmissions, the calls were configured to be very long to accommodate the “always-on” type of application paradigm. The traffic would not cause much load to the network, and therefore, 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 in the simulation area at the beginning of the simulation. UE velocities 30 km/h, 60 km/h and 120 km/h were considered in different DRX simulation cases. 

Main simulation parameters are listed in Table 1 and Table 2. Handover parameters were similar to the configuration set 3 in HetNet WI [1]. The long DRX cycle length parameter varied from 80 to 640 TTI since it was assumed that longer DRX sleep periods would cause harm to the paging performance. 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. RLF Qin and Qout windows were scaled according to the DRX cycle length as described in [4]. Cell detection and intra-frequency neighbour cell measurements were done once per DRX cycle during the on duration. Note that during the long DRX e.g., cycle length > 40ms, the periodicity of the intra-frequency measurements depends upon the DRX cycle in use as specified in [4].
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
	mean 3.41 seconds

	Packet size [B]
	Geometric distribution
	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


Table 2: Configurations for the HetNet mobility simulation

	Items 
	Macro cell 
	Pico cell

	ISD
	500m 
	N/A

	Distance-dependent path loss 
	TR 36.814 [4] Macro-cell model 1
	TR 36.814 [4] Pico cell model 1

	Number of sites/sectors
	19/57
	30

	BS Antenna gain including Cable loss 
	15dB
	5dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	Correlation distance of Shadowing
	25 m  
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern  
	3D pattern as is specified in TR 36.814,  Table A.2.1.1-2 [4]
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 [4]

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10Mhz 
	2.0Ghz/ 10Mhz 

	BS Total TX power 
	46 dBm 
	30dBm 

	Indoor Penetration Loss
	20dB
	20dB

	UE Receiver Antenna configuration 
	MRC 1x2
	MRC 1x2

	Minimum distance
	The same requirements as specified in TR 36.814.


3
Simulation Results
The simulation results consist of normalized battery duration results and handover performance results. The UE power consumption model was defined in a similar way as in R2-071285 [5] 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 handover success rates.
3.1
UE Power Consumption Results
The power consumption results consist of relative average battery duration bar plots which are normalized by the 30 km/h no DRX simulation results. The relative battery duration (i.e. X times the reference case) for Macro case is shown in Figure 1 and for HetNet case in Figure 2.
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Figure 1: Relative battery performance in Macro scenario.
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Figure 2: Relative battery performance in HetNet scenario.
We make the following observations from these results:

· Longer DRX sleep periods can improve the battery performance.

· Battery durations in Macro scenario tend to be slightly better, indicating increased battery consumption for Hetnet scenario

· This is because there are more cells in the Hetnet environment, so more handovers occur, which causes higher power consumption (i.e. disrupts DRX). In addition, slightly higher RLF rate causes higher power consumption since UEs are not allowed to sleep when T310 is running.
· Battery duration performance decreases with the velocity in both scenarios
· One reason for this is that handover performance decreases due to the DRX. This increases the UE power consumption since UEs were not allowed to UEs to sleep while T310 is running.
Conclusion 2: DRX provides good power saving opportunities also in Hetnet scenario. 
Conclusion 3: The “best” DRX pattern to be used is not affected by the change in scenario topology (i.e. going from homogeneous to heterogeneous).

3.2
Handover and RLF Events
Numbers of RLF and handover events per UE per second are shown in Figure 3 and Figure 4. Macro scenario performance is depicted in Figure 3 and Hetnet scenario performance is in Figure 4. Figure 3 and 4 indicates that RLF and handover rates increase in the Hetnet scenario. Moreover, number of RLFs increases and number of successful handovers decrease along longer DRX configurations.
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Figure 3: Handover and RLF events in Macro scenario 
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Figure 4: Handover and RLF events in Hetnet scenario

3.3
Handover performance
Handover performance results consist of handover success rate results in Macro and HetNet scenario as shown in Figure 5 and Figure 6. The handover success rate is defined by dividing the total number of successful handovers with the total number of handover attempts. Since RLFs were observed to occur only in the handover situations the total number of handover attempts consists of successful handovers and RLFs. 
[image: image5.emf]30 kmph 60 kmph 120 kmph

70

75

80

85

90

95

98

100

HO Success [%]

UE Velocity

 

 

No DRX

Long Cycle: 40ms

Long Cycle: 80ms

Long Cycle: 160ms

Long Cycle: 320ms

Long Cycle: 640ms


Figure 5: Handover success rate in Macro scenario 
[image: image6.emf]30 kmph 60 kmph 120 kmph

70

75

88

85

90

95

98

100

HO Success [%]

UE Velocity

 

 

No DRX

Long Cycle: 40ms

Long Cycle: 80ms

Long Cycle: 160ms

Long Cycle: 320ms

Long Cycle: 640ms


Figure 6: Handover success rate in HetNet scenario
Figure 5 and Figure 6 indicates that longer DRX cycle length increases RLFs and handover problems in case UE velocity is high. 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. The handover degradation is larger in HetNet scenario compared with the performance in Macro scenario. It was observed as well that longer DRX cycle length tends to reduce the number of handovers but increase the number of RLFs.
We make the following observations from these results:

· Longer DRX sleep periods for high velocity UEs increases RLF rates and decreases handover success ratios.

· Handover performance in Macro scenario tends to be slightly better. The results indicate that handover and RLF rates are higher in HetNet scenario. However, this is the same impact that has been seen in non-DRX simulations.

· If it is assumed that 95% handover success is required for 30 km/ and 60 km/h UEs then long DRX cycle length of 80ms must be used in HetNet environment whereas 160ms cycle length could be used in Macro environment.

Conclusion 4: Longer DRX periods can have negative effect on failure rates in the HetNet scenario (compared with the non-DRX HetNet case) for higher velocity cases.

However, our view is that further investigations are needed to conclude whether these effects can be mitigated by right parameter settings and how much the performance in heterogeneous networks can be improved by using other mechanisms. Moreover, either reactive or proactive solutions could be applicable here. A reactive solution would rely on the fact the DRX causes additional delays to the handovers and this delay needs to be compensated. On the other hand, a proactive solution could try to avoid the additional handover delays in the first place e.g., by using shorter DRX cycle lengths which ensures more frequent neighbour cell measurements. So far, most of the studies have concentrated on only reactive solutions, but we think also proactive solutions could be considered.

Proposal 1: RAN2 should evaluate how the different proactive and reactive DRX alternatives support robust handover and RLF performance in a HetNet environment.
3.4
Reactive DRX improvements
Reactive solutions rely on the fact the long DRX causes additional delays to the handover measurements and this delay need to be compensated. It’s mentioned in [6] that the implementation of DRX within RRC connected makes sense only if UE is allowed to have a lower rate of activity in the neighbour cell monitoring. Otherwise, despite a decrease in data Rx/Tx activity the UE achievable power saving would be rather limited if UE still needs to perform Intra-RAT and Inter-RAT monitoring at the usual rate. This problem was addressed in [7] by proposing that intra-frequency, inter-frequency and inter-RAT measurements have a measurement period of 2 DRX cycles. This would reduce the frequency of the measurement periods compared with non-DRX [4] but would not fulfil the non-DRX accuracy requirements. At the moment TS 36.133 specifies the intra-frequency measurement period to be 5 DRX cycles in case DRX cycle length is more than 40ms [4]. Such a long measurement period can cause additional delays to the handover performance. One solution for compensating delayed A3 measurements would be to trigger the event faster e.g., by using shorter TTT as in [8]. This is well justified if it is assumed that DRX causes delay to the A3 enter event. 
3.5
Proactive DRX improvements
Proactive solutions tries to avoid the additional handover delays in the first place e.g., by using shorter DRX cycle lengths which would guarantee more frequent measurement rates [4]. One drawback of the short DRX cycle length is that if UE remains in RRC connected state, the power consumption is higher compared with longer DRX cycle lengths as shown in Figure 1 and Figure 2. On the other hand, shorter DRX cycle length guarantees rather good handover performance as shown in Figure 5 and Figure 6. One proactive solution could be that operator takes into account the density of the small cells within the macro cell area and uses that to define feasible DRX configurations. On the other hand, UEs are always allowed to do intra- and inter-RAT measurements more frequently than what is specified in [4], even if a typical UE implementation would not do that. Therefore, a smart UE implementation could result in an applicable proactive solution e.g., if UE would do intra-frequency measurements more frequently with less samples, as in [7] accepting slightly poorer measurement accuracy or just measure more often in the proximity of the handover regions.
Figure 7 shows estimated UE power consumption in case UE changes measurement pattern in the proximity of the neighboring cell corresponding to the short DRX cycle length of 40ms. Moreover, handover performance in HetNet environment is shown in Figure 8.
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Figure 7: Relative battery performance in HetNet scenario.
Figure 7 indicates that if UE measurement pattern is scaled at the cell borders:
· Power consumption increases and battery durations decrease for UEs using long DRX cycle lengths. Especially 30 km/h UEs. 

· No significant differences in case of higher UE velocities.

· Battery performance of longest DRX configurations e.g., 320ms and 640ms remains good even if measurements are done more frequently at the proximity of the neighboring cell.
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Figure 8: Handover success rate in HetNet scenario.
Figure 8 indicates that handover performance increases in all cases compared with Figure 6 but the shortest DRX cycle length would still provide the best handover performance. If it is assumed that 95% handover success is required for 30 km/ and 60 km/h UEs then Figure 8 indicates that DRX cycle length of 320ms can be used whereas Figure 6 indicates that 80ms should be used.
Conclusion 5: Smart UE implementation can already improve handover performance in HetNet environment if measurements are done more frequently at the proximity of the neighboring cell.
Proposal 2: RAN2 to further evaluate if network benefits of knowing UEs whereabouts and intensions to do measurement more frequently at the proximity of the neighboring cell.
Proposal 3: RAN2 to further evaluate if UE benefits of additional network assistance in the proximity threshold evaluations. 
4
Conclusion
We have analysed the handover and the power consumption results of the DRX simulations, and made the following conclusions:
Conclusion 1: Handover optimization is time critical in small cell environment and therefore additional delays due to long DRX sleep period needs to be taken into account.

Conclusion 2: DRX provides good power saving opportunities also in Hetnet scenario. 
Conclusion 3: The “best” DRX pattern to be used is not affected by the change in scenario topology (i.e. going from homogeneous to heterogeneous).

Conclusion 4: Longer DRX periods can have negative effect on failure rates in the HetNet scenario (compared with the non-DRX HetNet case) for higher velocity cases.
Conclusion 5: Smart UE implementation can already improve handover performance in HetNet environment if measurements are done more frequently before A3 enter becomes valid.

Based on these, we make the following proposals:

Proposal 1: RAN2 to further evaluate different proactive and reactive DRX enhancement alternatives to support robust handover and RLF performance in HetNet environment.
Proposal 2: RAN2 to further evaluate if network benefits of knowing UEs whereabouts and intensions to do measurement more frequently.

Proposal 3: RAN2 to further evaluate if UE benefits of additional network assistance in the proximity threshold evaluations. 
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Appendix A: Simulation Parameters
	Feature/Parameter
	Notes
	Value/Description

	Bandwidth
	
	10 MHz

	3GPP Macro Cell Scenario
	Cell layout
	57 sectors/19 BSs

	
	Inter site distance (ISD)
	0.5 km

	Pico cell layout
	Distance to eNB
	250m in boresight direction

	Macro-pico deployment type
	
	Co-channel

	Hotspot for UE movement/placement
	Diameter (enclosing all pico cells)
	1800 m

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

	
	Pico cell model (TS 36.814, Model 1)
	140.7 + 36.7log10(r)

	BS Tx power
	Macro

Pico
	46 dBm

30 dBm

	Shadowing standard deviation
	Macro

Pico
	8 dB
10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro
Pico
	25 m

25 m

	Multipath delay profile
	
	Typical Urban

	UE velocity
	
	60 km/h and 120 km/h

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

	UE placement
	Proportion of UEs placed inside the pico hotspot(s) for each cell
	1

	RSRP Measurement
	L1 measurement period

Measurement bandwidth

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

2 dB

5

	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, maximum call length 3 minutes.

	DL Interference load
	Macro, Pico
	100% RBs loaded


Appendix B: UE state statistics

The Figure 7 and Figure 8 shows mean UE state statistics which affects the power consumption. Dark blue and light blue colors indicate the percentages of time UE follows long DRX cycle (DRX-D) and short DRX cycle (DRX-L). Light green color indicates the percentage of time UE receives data in downlink (RX). Orange color indicates the fraction of time when UE is active e.g., decoding PDCCH but without needing to receive anything. Dark red color indicates the percentage of time UE is observing whether or not timer T310 triggers RLF.  
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Figure 7: UE power consumption states for 120km/h and 60km/h UEs in macro scenario.
[image: image10.png]DRX 160ms, 120kmph

DRX 640ms, 120kmph DRX 320ms, 120kmph

[ AcTIVE [ AcTIVE

L3

[ AcTIVE
R

80%

DRX 640ms, 60kmph DRX 320ms, 60kmph

1% 69
"< 1%

7%

83%
DRX 160ms, 60kmph

[ DRXL
COrx
[ AcTIVE
R

[ oRxL

COrx
[ AcTIVE
R

[ AcTIVE

87%




Figure 8: UE power consumption states for 120km/h and 60km/h UEs in HetNet scenario.

