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1. Introduction
In Macro-Pico co-channel deployment, the introduction of new low power nodes benefit the system average throughput due to the cell-split gain, while the UEs may suffer from the interference caused by another cell layer. This may lead to poor edge coverage performance, which certainly the operators concern much.
An effective mechanism to cope with the PUSCH interference of the Het-Net is provided in this contribution. The method is designed to optimize the uplink power control (PC) parameters (
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) by IoT and other measurement information. With this method:
· The impaired channel condition of the suffering UEs is improved.
· Performance is little degraded for another cell layer.
· And adequate uplink coverage area of both layers can be achieved.
2. Outdoor Pico Uplink Interference Scenario
A very common interference case is illustrated in Fig.1. If the Maximum RSRP criteria is adopted for serving cell selection, even the path loss from Terminal A to Pico eNodeB (PeNB) is smaller than that to Macro eNodeB (MeNB), Terminal A may still connect to MeNB due to the larger transmit power. 
The settings of the UE transmit power for the PUSCH and PUCCH are defined by [1]
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in which the parameter 
[image: image3.wmf]O_PUSCH

P

 are the desired power received by the eNodeB in a PRB. 
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                           Figure1. Uplink interference scenario of Macro and Pico co-channel deployment
Interference-limited UEs at the edge of macro cell and Pico cell are concerned. For MUE A, its transmission power is much larger than PUE (UE served by Pico cell) B, due to large coverage of macro cell. On the other hand, path loss from MUE A to PeNB is quite similar with that from PUE B to PeNB. Thus, link PUE B->pico eNB is significantly interfered by link MUE A->macro eNB.
It is a similar case that MUE is interference-limited due to some possible cell selection criteria. For example, when range expansion (RE) is used, edge PUE is further away from PeNB. Thus its interference to MeNB is increased due to higher transmission power.
3. Power Control Scheme and Simulation Results
3.1 Algorithm Framework

The main motivation of proposed PC method is to increase the performance of the edge users of the Het-Net system with little degradation to other layers by uplink transmission power level cooperative adjustments.
As analyzed in section2, the main reason of the uplink edge coverage degradation in Het-Net is the intensive interference aggression from another layer’s UEs, which makes the received SINR not sufficient. The orientation of optimization we can easily observe is to enhance the edge UEs’ SINR by increasing the received signal power or decreasing the interference from the different layer. This can be achieved by adjustment of the desired power received
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. The process of 
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 adjustment is iterative because the 
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 of one layer is affected by the value of different layer and it is affected by various elements. After a series of iterations, we can get a convergent result following with acceptable uplink edge coverage. 
3.2 Simulation Assumptions
In the following section, simulation results are provided to demonstrate the effect of the PC scheme. Three cell selection criteria, max RSRP, RSRP+RE (20dB bias) and Minimum Path Loss, are used.
Simulation assumptions, parameters and channel models are referred to [2]. The Placing of new nodes and UEs follows the conclusion from last meeting. In order to evaluate the interference effectively, UE dropping methodology and the UE distributions in the macro cell coverage area are treated as follows: 
· In Macro + Hotzone, 4 UE-clusters with 4 uniformly dropped UE in each are dropped randomly in macro cell and then 44UEs locating uniformly per macro cell. New nodes are allocated in the centers of UE clusters. The total number of UEs in the macro coverage area is 44+4*4.

Details of the assumptions including large scale channel model and system assumptions are summarized in the annex A1. The Frequency efficiency vs. SINR is referred to [3] 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 UE served by the serving cell. In addition, we focus on the performances under co-channel.
3.3 Simulation Results
Table1. System performance of co-channel deployment with Maximum RSRP cell selection criteria
	Uplink
	RSRP

	
	No Power Control
	Power Control

	MUE SINR 5% (dB)
	-1.49 
	-1.93 

	PUE SINR 5% (dB)
	-11.52 
	-5.52 

	MUE Throughput 5% (kbps)
	72.30 
	65.87 (-8.89%)

	PUE Throughput 5% (kbps)
	0.00 
	250.68

	AVE throughput of MUE
	218.72 
	195.25 (-10.73%)

	AVE throughput of PUE
	2365.52 
	2898.64 (22.54%)

	AVE throughput of all UEs
	856.36 
	963.74 (12.54%)


     
[image: image8]                                                            Figure2. The UL SINR curve of MUE and PUE in Max RSRP case
Table1 and Figure2 present the UL SINR performance comparison between the traditional FPC and optimized FPC when Het-Net employs the Maximum RSRP serving cell selection criteria. With traditional FPC, the edge PUEs suffer from weak channel that nearly 20% of PUEs’ SINR are under 0dB and 5% tail users fail to work as shown in Table1. 
In Figure2, the dashed line tells that the optimized FPC provides fairly good improvement to PUE with only slight degradation of MUE, which is especially obvious in the edge coverage of the Het-Net system. 
The same conclusion could also be derived from Table1. The PUEs’ 5% throughput rises to 251kbps from zero at the cost of merely 8.9% attenuation of MUEs’ 5% throughput. And the scheme also brings a benefit of 12.5% to the average throughput of all the users.
Table2. System performance of co-channel deployment with RSRP + RE (20dB Bias) cell selection criteria
	Uplink
	RSRP + 20dB Bias

	
	No Power Control
	Power Control

	MUE SINR 5% (dB)
	-3.96 
	-2.18 

	PUE SINR 5% (dB)
	-0.62 
	-2.06 

	MUE Throughput 5% (kbps)
	93.70 
	130.73 (39.52%)

	PUE Throughput 5% (kbps)
	321.19 
	250.13 (-22.12%)

	AVE throughput of MUE
	318.27 
	440.75 (38.48%)

	AVE throughput of PUE
	1153.51 
	1091.14 (-5.41%)

	AVE throughput of all UEs
	886.62 
	883.01 (-0.41%)


            
[image: image9]                                                        Figure3. The UL SINR curve of MUE and PUE in RSRP+RE (20dB Bias) case
Table3. System performance of co-channel deployment with Minimum Path Loss cell selection criteria
	Uplink
	min Path Loss

	
	No Power Control
	Power Control

	MUE SINR 5% (dB)
	-4.70 
	-2.85 

	PUE SINR 5% (dB)
	-0.23 
	-1.85 

	MUE Throughput 5% (kbps)
	89.80 
	133.01 (48.12%)

	PUE Throughput 5% (kbps)
	329.45 
	249.57 (-24.25%)

	AVE throughput of MUE
	329.16 
	484.21 (47.10%)

	AVE throughput of PUE
	1131.08 
	1088.65 (-3.75)

	AVE throughput of all UEs
	897.40 
	913.71 (1.82%)


       
[image: image10]                                               Figure4. The UL SINR curve of MUE and PUE in Min Path Loss case
As respect to the RSRP + RE and Minimum Path Loss serving cell selection scenario, more users will be covered by PeNB even when the path loss from UE to PeNB is relatively large. Therefore this proportion of users will generate considerable interference to MUEs due to the higher level power and smaller path loss to MeNB. It is preferred to limit the transmission power of PUE and enhance the power of MUE.

As can been seen in Figure3, Figure4, Table2 and Table3, similar conclusions can be obtained in these two cases. When applying the optimized PC scheme, the performance increase of MUE can be achieved with acceptable decrease of PUE. 

4. Conclusion
In this contribution, we provide an optimized power control scheme to manage the PUSCH interference of Het-Net. As analyzed in the last section, uplink coverage problem may occur in some cases. The interference-limited edge MUE or LUE may experience disappointing performance, or even fail to work. Hence the main motivation of this method is to increase the performance of the edge users of the Het-Net system with little degradation to other layers by uplink transmission power level cooperative adjustments. 
And it shall be emphasized on:

· This interference mitigation scheme can guarantee no black hole to edge MUE (or PUE) while it has little affection to PUE (or MUE).
· The optimized PC scheme provides Het-Net coverage enhancement accompanied by a reasonable trade-off concession of average performance.
· The proposed method can be realized by Cell planning and Network optimization. If more flexibility and self-organization is needed, information exchange can be considered to adapt to interference variability.
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6. Annex
· A1.System Simulation Assumptions
Table4. Macro-cell system assumptions
	Parameter
	Assumption

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

	System bandwidth
	10 MHz

	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)
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	Minimum distance between UE and cell
	>= 35 m


Table5. Hotzone system assumptions

	Parameters
	Assumptions

	Carrier frequency
	2000 MHz

	System bandwidth
	10 MHz

	Path loss model
	See Table6

	Lognormal shadowing
	Log Normal Fading with 6 dB standard deviation

	Antenna gain
	5 dBi 

	Pico BS noise figure
	6 dB

	Maximum Pico TX power
	24dBm 

	Min separation UE to Pico BS
	10 m 

	Radius
	40m

	Minimum distance between pico and macro
	75m

	Minimum distance between Picos
	40m

	Number of UE clusters K
	4

	Number of UEs in each cluster Nh
	4

	Number of UEs uniformly distributed in macro cell Nm
	44


Table6. Path loss models for 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)


	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))




· 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.
[image: image11.png]















[image: image12.emf]-20 -10 0 10 20 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SINR (dB)

CDF

SINR UL

 

 

mue w/ traditional PC

lue w/ traditional PC

mue w/ optimized PC

lue w/ optimized PC

[image: image13.emf]-10 -5 0 5 10 15 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SINR (dB)

CDF

SINR UL

 

 

mue w/ traditional PC

lue w/ traditional PC

mue w/ optimized PC

lue w/ optimized PC

_1326201153.unknown

_1326205045.vsd
Solid arrow: serving link
Dashed arrow: interference link


Macro eNodeB


Pico eNodeB


Terminal A


Terminal B



_1292829280.unknown

