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1 Introduction

Serving Cell Selection techniques has influence on Outdoor Hotzone deployment performance. A number of contributions in 3GPP provide some details of suggested cell-selection solutions, such as depending on received power, or path loss calculation. For making a clear picture on these various proposals, in this contribution, performance evaluation on different cell-selection techniques are provided, by which we find the technique of cell-selection through simple range expansion of the outdoor hotzone cells can not improve the performance of downlink and uplink simultaneously. 

2 Simulation analysis and discussion 

2.1 Evaluation assumptions

In this section, the interference situations and the effect of cell-selection techniques to Macro + Hotzone, are analysed through non-fast fading system simulations as a primary evaluation. 
Simulation assumptions, parameters and channel models are referred to [1]. The Placing of new nodes and UEs follow 36.814 baselines. In order to evaluate the interference effectively, UE dropping methodology and the UE distributions in the macro cell coverage area are treated as follows: 10UEs locate uniformly per macro cell and then 4 UE clusters with 10 uniformly dropped UE in each are dropped randomly in macro cell. New nodes are allocated in the centres of UE clusters. The total number of UEs in the macro coverage area is 10+10*4.
In order to have a fair comparison with the homogenous macro-cell only deployment, the same UE distribution is assumed in homo-net. Details of the assumptions including large scale channel model and system assumptions are summarized in the annex A1. The UL and DL Frequency efficiency vs. SNIR are referred to [2] and the frequency efficiency of UE is calculated through the method described in annex A2. In our simulation, it is assumed that the resources are allocated evenly to the UEs served by the serving cell. Fraction Power Control (FPC) is used to limit the interference caused by each UE to neighbour cells for uplink [3]. 
The cell-selection techniques include：

1） max RSRP：The serving cell choice is determined by the highest DL received power.
2） max RSRP+bias：The serving cell of a UE is selected according to the following criteria: Cell ID = argmax{i} {RSRP_i + bias_i}, where bias_i = 0 and 10 dB for macro and hotzone cells respectively. This implies that a UE does not always connect to the eNB with the strongest downlink received power, and it results in range expansion of the hotzone cells. The bias value is an example used in our simulation, which can be further studied.
3） Min path loss：The serving cell choice is determined by the lowest path loss.

Both method 2) and 3) are called range expansion (RE). 

Throughout this contribution, we adopt the following notations:

· MNB: macro eNB
· LNB: local eNB
· MUE: UE served by a macro eNB

· LUE: UE served by a local eNB
· ALL UE: all users in a macro cell area in Het-Net
· Homo All UE: all users in a macro cell area in Homo-Net
2.2 Outdoor Hotzone with different cell-selection solutions

UE SINR and frequency efficiency CDFs of different cell-selection techniques are compared as follow:
· LUE percentage

Table1 LUE Percentage

	Max RSRP
	0.4162

	RSRP+bias 
	0.6472

	Min pathloss
	0.8454


From Table 1, we can see that LUE percentage increases significantly with range expansion. The case of Min path loss is more obvious than that of RSRP+bias, since bias value is only 10dB. The LUE percentage is expected increasing when larger value of bias is applied.
· UE SINR Evaluation
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Figure1 DL SINR                                                         Figure2 UL SINR
The following can be observed from Fig.1 and 2 for DL and UL SINR:
1. RE will degrade DL SINR. The reason is that range expansion makes some of edge MUEs suffering worse performance connecting to the Pico. Average performance of MUE becomes better without those MUE, at the meanwhile the new Pico UE changed from original edge MUE may be still suffering bad channel link even if the serving eNB is changed.
2. RE will improve UL SINR. The reason is that range expansion makes some of MUE suffering worse performance connecting to the Pico. The uplink interference due to those MUE turns to LUE signal. These new LUEs introduce uplink interference to the rest of MUE, however, the interference is not so high due to distance from LUE to LNB. Because of proportion of MUE and LUE, some improvements on SINR due to range expansion are shown in the CDF curves. 
· Capacity gain evaluation

Table 2 Max RSRP Frequency Efficiency
	Outdoor Hotzone  Frequency Efficiency
	Max RSRP
	RSRP + Bias （10dB）
	minimum path loss

	
	UL
	DL
	UL
	DL
	UL
	DL

	Mean Frequency Efficiency gain

All vs. homo
	596.33%
	329.78%
	728.22%
	263.81%
	662.1%
	231.59%

	5% Frequency Efficiency gain

All vs. homo
	127.44%
	106.85%
	213.54%
	59.6%
	285.1%
	-100%

	Percentage  of LUE to all Frequency Efficiency
	85.65%
	78.39%
	89.99%
	66.67%
	94.72%
	56.76%
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Figure3 DL Frequency efficiency                                     Figure4 UL Frequency efficiency
From Table2 and Fig.3 and 4,the following can be observed:

1. RE can improve UL coverage while it degrades DL coverage. Particularly, when cell selection of minimum path loss is used, more than 20% UEs can not work, i.e. coverage hole occurs.
2. RE will degrade DL capacity. It can be seen from mean frequency efficiency, i.e. 60-90% loss  from Max RSRP soluation. 
3. RE will improve UL capacity, since more UE can connect to LNB with less path loss and interference to LUE decreases. 
3 Conclusion
In this contribution, impacts of different cell-selection techniques are evaluated for outdoor hotzone deployment. The conclusions are as follows：
· RE will improve LUE percentage.

· RE will improve UL performance.

· RE will degrade DL performance. For minimum path loss, coverage hole even occurs.
· Serving Cell Selection method can be applied depending on traffic. If there is DL transmission limitation, RE is not suggested. While there is UL transmission limitation, RE may be applied.

· In order to balance performances of UL and DL, other solutions, such as power control etc., to improve UL performance need further study so that the UL performance can be improved meanwhile the DL performance will not be degraded much.
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5 Annex
· A1.System Simulation Assumptions
Table1. Macro-cell system assumptions

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 3 sectors per site, reuse 1.

	System bandwidth
	10MHz

	Inter-site distance
	500 m

	Number sites
	19sites (=57 cells) with wrap-around.

	Shadowing standard deviation
	8 dB

	Auto-correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss (assumes UEs are indoors)
	20dB

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Total BS TX power (Ptotal)
	46 dBm

	UE power class
	23 dBm (200 mW)

In order to keep the simulations simple it is not necessary to model Maximum Power Reduction (MPR) versus modulation scheme.

	Inter-cell Interference Modelling
	Explicit modelling (all cells occupied by UEs)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	UE distribution
	UEs dropped with uniform density within the indoors/outdoors macro coverage area, subject to a minimum separation to macro and HeNBs.

	Minimum distance between UE and cell
	>= 35 m


Table2. Outdoor Hotzone system assumptions

	Parameters
	Assumptions

	Carrier frequency
	2000 MHz

	System bandwidth
	10MHz

	Pico cluster number per sector
	4

	UE number per cluster
	10

	Path loss model
	See Table3

	Lognormal shadowing
	Log Normal Fading with 6 dB standard deviation

	Antenna gain
	0 dBi 

	Pico BS noise figure
	6 dB

	Maximum Pico TX power
	24dBm 

	Min separation UE to Pico BS
	2 m 

	Radius of UE cluster
	40m

	Minimum distance between pico BS and macro eNB
	70m


Table3. Path loss models for Outdoor Hotzone deployment
	Path Loss (dB)

	UE to macro BS
	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)

Case 3: Prob(R)=exp(-(R-0.01)/1.0)



	UE to pico BS
	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))

Case 3: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))


· A2.Frequency Efficiency Calculation Methodology
The resource amount of each UE is decided by the number of UEs belonging to the same cell. We assume that the resources are allocated uniformly. 

For a single UE, it is supposed that: the number of PRB used is N, the bandwidth of a PRB of 180kHz and the system bandwidth is W( W is 10MHz if the Macro cell and the Local cell use the same carrier, or 20MHz if Macro cell and Local cell employ two different 10MHz carrier respectively). Then the UE's frequency efficiency calculation procedure is presented as follow:

1. The frequency efficiency on one PRB can be obtained from SINR by using the look-up table of Table A.2 in 36.942. We use linear interpolation to make the results smoother.
2. N is calculated. N=W/number of UEs connected to the target cell.

3. The frequency efficiency of each UE should be multiplied by N.

4. The frequency efficiency can be normalized by dividing the system bandwidth W, whose unit is then bps/Hz.
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