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1
Introduction
To better study the UE performance in the Hetnet scenario [1], additional simulations were run with eICIC to study the impacts to mobility performance in Hetnet scenario. The aim is to show whether and how the baseline Rel’10 eICIC affects the mobility performance, and whether any obvious mobility problems are seen.

2
Simulation Scenario
The simulation scenario was the HetNet scenario but without the PDCCH failure model as described in [1]. Instead, the RRC messages were simulated more realistically, in the same way as is described in [2]. The UE traffic profile was full buffer, which ensures that each site was fully loaded. 630 UEs (~30/sector) were distributed in the simulation area at the beginning of the simulation. UE velocities 3 km/h, 30 km/h and 60 km/h were considered in different simulation cases. 

Main simulation parameters are listed in Table 1. Handover parameters were according to the configuration set 3 in HetNet SI [1]. 
Table 1: Configurations for the HetNet mobility simulation

	Items 
	Macro cell 
	Pico cell

	ISD
	500 m 
	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 
	15 dB
	5 dB

	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 
	2.0 Ghz / 10 MHz 
	2.0 GHz / 10 MHz 

	BS total TX power 
	46 dBm 
	30 dBm 

	Indoor penetration loss
	20 dB
	20 dB

	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 handover attempts, failure metrics, i.e. RLFs and HOFs, according to definitions in [1] and cell and user throughputs. The mobility performance is evaluated by observing handover success (and failure) rates separately for each cell-pair type in handover (i.e. macro-macro, macro-pico, pico-macro and pico-pico).
3.1
Handover and RLF Events
Numbers of handover attempts per UE per second are shown in Figure 1. We can see that CRE increases the number of attempted handovers, especially between macro and pico and vice versa. The difference in attempted handovers grows with increasing terminal speed. Also the rate of pico-pico handover attempts seems to be doubled. This might be explained by larger dominance area of the expanded pico cells.
The reason for imbalance between macro-pico and pico-macro HO attempts in 3 km/h case is unclear. The terminals have considered expanded cell range of the pico cells already during cell selection, so suboptimal cell selection at call start cannot explain this result. This imbalance is not present in 30 or 60 km/h cases.
Figure 1: Handover attempt statistics for eICIC: HO attempts/UE/s
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Figure 2: Radio link failure statistics for eICIC: RLFs/UE/s

	3 km/h
	
[image: image4]

	30 km/h
	
[image: image5]

	60 km/h
	
[image: image6]


In Figure 2, we can see RLF events per UE per second. In the 3 km/h case, CRE causes RLFs to occur before any handover is even attempted. Muting significantly reduces the radio link failures, although it does not eliminate them completely. With higher terminal speeds the RLFs transform mainly into pico-macro handover failures, which is the expected result – the signal from the serving pico cell gets swamped fast by the interfering signal coming from the macro cell surrounding the pico. Again, muting reduces such handover failures considerably.
We can gain more understanding of the results by looking at Figure 3, which shows handover failures relative to the number of handover attempts in each category. Overall handover failure rate (Total) is also included.
We can see that in 3 km/h case, handover failures are not an issue, their total being around 0.1% of all attempted handovers. With higher terminal speeds however, the pico-macro handover failures are clearly too high with CRE enabled. Muting does a good job in reducing the overall failure ratio: around 2.5% in 30 km/h case and 6.5% in 60 km/h case, which is even lower than without CRE (the reference case).

Figure 3: Relative handover failure ratios
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3.2
Handover performance
Handover performance results consist of handover failures as shown in Figure 4. Handover failures are modelled according to sect. 5.2.1 in [1]. 
RLFs happening during state 2 of handovers contribute directly to handover failures. Therefore the handover failures look very similar to RLF failures in Figure 2. Same conclusions as for RLFs can be drawn also for the handover failures – pico-macro handovers failures are magnified when CRE is used. Failures during other types of handovers are fairly small regardless of CRE or muting. State 3 failures were not considered since the model considers the sending of RRC messages over the air: If the signal quality is bad enough during handover, the handover will fail.
Figure 4: Handover failure statistics for eICIC: HOFs/UE/s
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3.3
Cell Throughput
Figure 5 shows macro and pico cell throughput in downlink. The values were collected from every TTI from every cell, and stored in the distribution based on the cell type.

Figure 5: Downlink cell throughput
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In the left hand side figures, we see macro cell throughput being negatively impacted by muting. CRE has quite negligible impact on macro cell throughput. The right hand side figures show pico cell throughput. It appears that in 3 km/h case, the pico cells are often empty. Unlike in macro cells, in pico cells, the cell throughput varies widely, depending on the pico cell’s placement. Picos close to the macro transmitter’s antenna will experience high interference and low throughput, except during muting. Picos located in macro’s cell edge area will experience high cell throughput, unless they are at the border of the simulated tier of macro cells. 
NOTE: No wrap-around was used in these simulations. Instead, the simulated network consisted of 3 concentric tiers of macro cells, where the first two tiers were used for statistics collection and the third tier (outer ring) was just generating interference. This seemed to have a decreasing effect on the pico throughputs of the cells close to the interfering tier.

3.4
User Throughput
Figure 6 shows macro and pico user throughput in downlink. User throughput is collected from each user at the end of the call. .
Figure 6: Downlink user throughput
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The effect on user throughput is as expected: Muting improves the pico throughput and decreases the macro throughput. However, the effect on pico throughput is rather small, which is caused by the fact that the pico cells have very few active users at a time, and full buffer traffic model keeps the interference very constant so that UEs do not really benefit from the offloading effect of CRE. On the contrary, the more UEs there are in the pico cells due to their expanded range, the less bandwidth there is left for each UE. Therefore the user throughput goes down with increased pico range.
4
Conclusion
We have analysed the handover performance and throughput metrics of eICIC simulations with mobility, and made the following conclusions:
· CRE increases the number of attempted handovers, especially between macro and pico and vice versa. The difference in attempted handovers grows with increasing terminal speed.

· Pico-to-Macro HOs experience the largest problems when cell range extension is used. eICIC can be used to significantly reduce the HO failures, which especially for low-speed terminals, brings the HO failures within tolerable levels.
· eICIC decreases macro cell throughput, proportionally to the number of muted subframes.

· User throughput in macro cells is less affected by the muting. User throughput in pico cells is decreased when CRE is used due to more UEs sharing the same resources.
Based on these, we conclude that if the number of handovers was not increased when CRE was used, eICIC would be a clear solution to the mobility problems caused by CRE. Hence, considering that even these simulations indicate that using eICIC (with or without CRE) clearly improves the mobility performance, we make the following observation:
Observation 1: Using eICIC improves the mobility performance in the simulated Hetnet scenario.
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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
	Random placement in macro geographical area; 10 drops of pico cells / parameter combination simulated
	4 picos/macro

	Macro-pico deployment type
	
	Co-channel

	Hotspot for UE movement/placement
	UEs move freely in the whole simulation area
	None: UEs were deployed uniformly

	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
	
	3 km/h, 30 km/h and 60 km/h

	UE movement
	How do the UEs move in the cell?
	Straight line with 20% turn probability after every 50 m travelled.

	UE placement
	
	Uniform distributed over the simulation area

	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
	
	Simulated: UEs can only measure cells that meet the 36.133 requirements for cell identification 

	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
	
	1800 – 2100 calls, maximum call length 30 seconds.

	DL Interference load
	Macro
	100% RBs loaded

	ABS patterns
	Used by all macro cells
	0/8 (no muting, reference), 2/8

	Cell range expansion (CRE)
	
	0 dB (reference), 6 dB
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