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1 Introduction
Heterogeneous deployment network introduces new interference environments in LTE-Advanced. In the meetings before RAN1 59bis, it was mentioned in some contributions [1-3] that conventional Rel 8 cell selection method may not be the best for heterogeneous deployment since fewer users select low power node as serving node. The main reason is the large transmitting power difference between macro and micro nodes. New cell selection scheme named as “Range Expansion” was also discussed in [1-3], aiming at a scheme that more UEs select low power node as the serving cell, which consequently maximizes the cell splitting gains. This paper tries to reproduce the results proposed in [1-3]. Our simulation shows that the ratio of UEs associated with low power nodes is already large even with randomly distributed low power nodes, and the gain introduced by Range Expansion is very much difficult to justify. This conclusion is supported by performances comparisons and analysis between the new cell selection method and the conventional cell selection method.
2 Conventional cell selection and new cell selection
For LTE Rel8 users, cell selection and cell reselection are fulfilled by comparing RSRP and RSRQ of DL signalling transmitted from neighbouring cells. The cell provide larger RSRP or RSRQ is selected as the serving cell by user. Before turn into performance comparison, brief introduction of conventional cell selection and new cell selection in [1-3] are given as below.

· Conventional cell selection scheme
For conventional cell selection, UE selects a serving cell with the maximum RSRP as 
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· New cell selection scheme
In contribution [2] it was presented that only 6% of UEs are associated with hotzone cells in the case of 10 hotzone cells/macro cell under configuration 1. For configuration 4, close to 30% of UEs choose hotzone cells as severing cells. The limited coverage of hotzones is a result of lower TX power (30 dBm) and antenna height (5 m) compared to macro cells. It was further shown that while there is notable improvement in mean UE throughput, the hotzone deployments lead to only marginal improvement in tail and median UE throughputs.
To further improve the het-net gain deployment gain, contribution [2] proposed to use a new cell association scheme called range expansion (RE), in which a bias value in RSRP is used for cell-reselection to drive more users selecting low power node as serving node. The het-net users select serving cell based on 
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, where bias_i = 0 and 25 dB for macro and hotzone cells respectively. After using new cell selection scheme, almost 65% and 85% users are associated with hotzone cells in the case of 10 hotzone cells / macro cell for configuration 1 and 4 respectively.
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: The offset for cell selection. 0 for macro cell, x (x > 0, in our simulation x=3/6/9/25dB) for low power cell, and it makes more UEs select low power cells as their serving cells.

3 Simulation assumption
In the contribution, we simulated both conventional cell selection (also denoted as RSRP without RE in tables) and new cell selection schemes with different bias values in outdoor hotzone scenario and observed different results than contributions [1-3] proposed. 

The simulations are fulfilled based on case 1 scenario and include both configuration 1 and modified configuration 4 proposed in [6], which can be summarized as follows:

· N low power nodes are randomly and uniformly dropped within each macro cell. N is preferred to be the same among all macro cells;

· For each low power node.10 UEs are randomly and uniformly dropped within its coverage, which is 40m;

· For macro cell, 25 users are randomly and uniformly dropped within its coverage not overlapped with low power nodes.

Without any explicit indication, following assumptions are used for simulations:

· The model 2 in hotzone scenario of latest TR 36.814 [4];
· 15 degree vertical antenna downtilt for macro node;
· 0 degree vertical antenna downtilt for low power node;
More simulation assumptions are showed in appendix B.
4 Simulation results
In this contribution, only the downlink performance comparison results between conventional cell selection scheme and new cell selection are shown. Please refer to [5] for het-net deployment gain.
4.1 Pico Performances in Configuration1
Simulation results of the macro + outdoor Pico in configuration1 for FDD 10MHz with 2X2 antenna configuration are presented in Table 1 and Table 2 for downlink in Case1. More analysis results like the CDF of throughput and geometry are presented in Appendix A.
Table 1 The performances of 4 pico in configuration1

	
	DL, 4 pico/macro, configuration1

	
	RSRP without RE
	with 3dB bias
	with 6dB bias
	with 9dB bias
	with 25dB bias

	cell spectral efficiency gain compare to conventional RSRP cell selection
	N/A
	 -2.90%
	 -6.20%
	 -8.32%
	 -13.20%

	cell edge spectral efficiency gain compare to conventional RSRP cell selection 
	N/A
	 19.00%
	26.66%
	 19.82%
	 -100%

	Ratio of UE served by pico
	41.59%
	47.81%
	54.22%
	59.81%
	85.71%

	Ratio of edge UE

served by pico
	0.0%
	3.85%
	33.33%
	57.69%
	100%


Table 2 The performances of 10 pico in configuration1
	
	DL, 10 pico/macro, configuration1

	
	RSRP without RE
	with 3dB bias
	with 6dB bias
	with 9dB bias
	with 25dB bias

	cell spectral efficiency gain compare to conventional RSRP cell selection
	N/A
	 -0.55%
	 -1.26%
	 -2.55%
	 -13.53%

	cell edge spectral efficiency gain compare to conventional RSRP cell selection 
	N/A
	 26.58%
	 30.28%
	 14.24%
	-79.16%

	Ratio of UE served by pico
	67.75%
	74.29%
	80.57%
	85.90%
	98.79%

	Ratio of edge UE

served by pico
	0.0%
	41.03%
	88.33%
	97.44%
	100%


Observations from configuration 1 simulation results:

1. It is shown by Table 1 and 2 that more than 40% and 65% UEs are naturally associated with low power nodes through using the conventional cell selection scheme under 4 pico/macro and 10 pico/macro assumptions respectively.

2. Figure 1 in appendix A shows that more and more users select low power node as serving cell through adopting the new cell selection scheme.

3. Table 1, 2 and Figure 3: through adopting the new cell selection scheme, as the bias value given to low power node increases from 3dB to 25dB, the cell spectral efficiency of whole macro zone decrease comparing to conventional cell selection scheme, meanwhile the cell edge spectral efficiency of whole macro zone firstly increase but end in large degradation.

4. Figure 4 and 5 in appendix A: as the bias value increases, the pico users geometry decrease due to the later joined users suffering from more serious interference form macro node than priorer, and meanwhile macro users get better geometry by offloading the bad geometry users.

5. Figure 6 and 7: as the bias value increases, more and more users has worse geometry to macro node select low power node as serving cell, improvement can be observed on both cell average and cell edge throughput of macro cell. However for the low power node cell, both cell average and cell edge throughput decrease, because increase of bad geometry users and large total user number respectively.

6. Based on Table 1, 2 and Figure 6, 7, it can be found that if small bias value is applied the low power node users assume the majority of cell average throughput. The cell average throughput of whole macro zone decreases and the low power node cell throughput decreases. However the cell edge user mainly coming from macro coverage, the cell edge throughput of whole macro zone increase along with the macro cell edge throughput increases.

7. When the bias value continues to increase, degradation of cell edge throughput of whole macro zone is observed.
Since relay scenario use same pathloss model with hotzone scenario, the conclusion also works for relay scenario.
4.2 Pico Performances in Configuration4
It is shown in Table 3 and Table 4 that about 60% and 70% UEs are naturally associated with low power nodes through using the conventional cell selection scheme under 4 pico/macro and 10 pico/macro assumptions respectively. Almost the same observation as configuration1, the low power node user get proportional increase as the bias value increase, thus the cell average throughput decreases and the cell edge throughput gain reaches the maximum when the bias is 6dB and become smaller even degradation with larger bias value.
Table 3 The performance of 4 pico in configuration4
	
	DL, 4 pico/macro, configuration4

	
	RSRP without RE
	with 3dB bias
	with 6dB bias
	with 9dB bias
	with 25dB bias

	cell spectral efficiency gain compare to conventional RSRP cell selection
	N/A
	-2.85%
	 -4.98%
	 -7.68%
	 -12.12%

	cell edge spectral efficiency gain compare to conventional RSRP cell selection 
	N/A
	 30.33%
	 40.63%
	 20.00%
	 -95.65%

	Ratio of UE served by pico
	59.27%
	65.35%
	70.43%
	76.07%
	93.94%

	Ratio of edge UE

served by pico
	0.0%
	14.22%
	56.86%
	89.71%
	100%


Table 4 The performance of 10 pico in configuration4
	
	DL, 10 pico/macro, configuration4

	
	RSRP without RE
	with 3dB bias
	with 6dB bias
	with 9dB bias
	with 25dB bias

	cell spectral efficiency gain compare to conventional RSRP cell selection
	N/A
	 -2.70%
	 -4.74%
	 -6.07%
	 -11.14%

	cell edge spectral efficiency gain compare to conventional RSRP cell selection 
	N/A
	 54.61%
	 69.53%
	50.37%
	 -35.34%

	Ratio of UE served by pico
	73.42%
	80.22%
	85.73%
	89.93%
	99.35%

	Ratio of edge UE

served by pico
	1.27%
	31.81%
	86.01%
	96.95%
	100%


5 Conclusions

This contribution compares the performances of heterogeneous outdoor hotzone deployment scenario by employing the existing Rel-8 and the proposed cell selection methods. From the enclosed simulation results, we conclude that:

1. Rel-8 cell selection scheme based on RSRP and RSRQ measurement already introduces large portion of low power node users as well as significant gains on both DL cell average and cell edge throughputs [5].

2. Downlink Cell edge throughput enhancement could be observed by applying different RSRP bias without any ICIC, but degradation of DL cell average throughput can be consistently observed especially the low power node cell throughput. This deviates a lot from the objectives of pico cell deployment which is mainly for average capacity enhancement for hotzone areas.

Appendix A: Simulation results Details
1. 4 pico/macro cell:
1.1
UE number ratio in Pico
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a) Configuration1



                    b) Configuration4
Fig. 1 UE number ratio in Pico
1.2
Total UE Geometry
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a) Configuration1



                    b) Configuration4
Fig. 2 Total UE Geometry
1.3 Total UE throughput CDF
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a) Configuration1



                    b) Configuration4
Fig. 3 CDF of total UE throughput
1.4
UE Geometry in pico and macro
1.4.1
bias = 6 dB
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a) Configuration1



                    b) Configuration4
Fig. 4 UE Geometry in pico and macro (bias = 6 dB)
1.4.2
bias = 25 dB
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a) Configuration1



                    b) Configuration4
Fig. 5 UE Geometry in pico and macro (bias = 25 dB)
1.5
UE throughput in pico and macro
1.5.1
bias = 6 dB
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a) Configuration1



                    b) Configuration4
Fig.6 CDF of UE throughputs in pico and macro
1.5.2
bias = 25 dB
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a) Configuration1



                    b) Configuration4
Fig.7 CDF of UE throughputs in pico and macro
2. 10 pico/macro cell:
2.1
UE number ratio in Pico
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a) Configuration1



                    b) Configuration4
Fig. 8 UE number ratio in Pico
2.2
Total UE Geometry
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a) Configuration1



                    b) Configuration4
Fig. 9 Total UE Geometry
2.3 Total UE throughput CDF
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a) Configuration1



                    b) Configuration4
Fig. 10 CDF of total UE throughput
2.4
UE Geometry in pico and macro
2.4.1
bias = 6 dB
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a) Configuration1



                    b) Configuration4
Fig. 11 UE Geometry in pico and macro (bias = 6 dB)

2.4.2
bias = 25 dB
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a) Configuration1



                    b) Configuration4
Fig. 12 UE Geometry in pico and macro (bias = 25 dB)
2.5
UE throughput in pico and macro
2.5.1
bias = 6 dB
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a) Configuration1



                    b) Configuration4
Fig.13 CDF of UE throughputs in pico and macro
2.5.2
bias = 25 dB
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a) Configuration1



                    b) Configuration4
Fig.14 CDF of UE throughputs in pico and macro
Appendix B: Simulation assumptions

The evaluation assumptions for calibration as in Table 5, and default assumptions are aligned with the guidelines TR 36.814[4]:

Table 5 System models and assumptions for FDD in Case1

	Parameter
	Assumption

	Scenario
	Case 1: 2G CF, 500m ISD, 10M BW, speed 3km/h

	Cellular layout
	Hexagonal grid, 7sites, 3 cells per site, wrap‑around

	Pico layout
	4/10 pico per cell

	UE distribution
	Configuration1
	25 UEs / macrocell，uniformly

	
	Configuration4
	25 UEs / macrocell,10UEs/pico cell

	Range expansion offset
	3/6/9/25 dB

	Mini distance among picos 
	40m

	Mini distance between pico and macro
	35m

	Total eNB TX power (Ptotal)
	46dBm

	Total relay TX power
	30dBm

	BS antenna gain plus cable loss
	14 dBi

	Pico antenna gain plus connector loss
	5dBi  

	UE antenna gain
	0 dBi

	Distance-dependent path loss for macro to UE
	PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
For 2GHz, R in km.
Case 1:
Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

	Distance-dependent path loss for pico to UE
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)
For 2GHz, R in km

Case 1:
Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Lognormal Shadowing with shadowing standard deviation
	8 dB for macro cell to UE; 10dB for pico to UE

	Shadowing correlation
	Between sites/eNB
	0.5

	
	Between cells/sectors
	1.0

	Shadowing correlation distance
	50m

	Penetration Loss  
	20dB 

	Channel model
	ITU-UMi

	Number of antenna elements 
	2*2

	Polarization
	No

	Traffic model
	Full buffer

	Scheduler
	PF

	Number of MCS candidates for link adaptation
	30

	HARQ
	HARQ-CC; Maximum 3 transmission times

	Channel estimation error
	Ideal estimation

	Receiver algorithm
	MMSE
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