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1. Introduction
Inter – cell power control is essential to meet the high end EUTRA requirement in uplink. A commonality of the current proposed inter – cell power control methods is that neighboring cells are required to send power control information/suggestions, either by the “on the air” approach or through backhaul networks. From the signaling overhead and delay perspective, it is more desirable to adopt the “on the air” option, which requires UE to receive power control information directly from non – serving cells. In this contribution, we show throughput results of the Bi-Modal Power Control (BMPC) method, in case not all UEs can receive non – serving cells’ power control information. The UEs without any neighboring cells’ information are typically cell – interior UEs, whose transmit power is subsequently increased by a default amount. It is shown that the throughput degradation is negligible compared to the ideal case where all UEs can read all neighboring cells’ power control information. Further, we compare several existing power control methods, such as Fractional Power Control (FPC), Improved Fractional Power Control (IFPC), and Load Indicator (LI). Simulation results show that the BMPC achieves the highest cell – edge and cell – average throughput simultaneously.
2. BMPC with BCH Decoding Limitation 
It is assumed that inter – cell power control information is broadcasted on BCH. A UE is assumed to be able to receive the power control information from a neighboring cell only if the average DL SINR with respective to that neighboring cell is above a certain threshold (-10 dB in the simulations). If a UE cannot obtain any power control information from any neighboring cells, then its transmit power is increased by a default value of Δ dB. Figure 1 shows the UL throughput results where Δ = 5, 6, 7 dB, respectively. Notice that for Δ = 6 dB, there is little degradation on either the cell – average or the cell – edge throughput, compared to the ideal case where all UEs can receive all neighboring cells’ power control information. 
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Figure 1: Case 1, BMPC with neighbouring cell BCH decoding threshold -10 dB
3. Throughput Comparison of Existing Power Control Methods
In this section, we compare the throughput of BMPC, FPC, IFPC, and LI. 
Since Case 1 is the representative case for interference-limited scenarios, system simulations were performed for Case 1, in order to examine how proposed power control methods deal with managing interference. First, a parameter sweep over BMPC is shown in Table 1. As a representative point, (Cell Edge Spec. Eff., Cell Spec. Eff) = (0.56, 0.99) is selected as a baseline. Then, spectral efficiency losses with several alternate proposals were studied. 
Table 1: System Simulation Results with the Proposed BMPC Power Control

	p = Target Perc. Of UEs at the Maximum Power Limit
	0.1%
	0.5%
	2%
	5%
	10%

	Cell Edge Spec. Eff. 

[bits / sec / Hz ] 
	0.44
	0.52
	0.56
	0.50
	0.33

	Cell Spec. Eff. 

[bits / sec / Hz ]
	0.86
	0.92
	0.99
	1.01
	1.01


Second, classic FPC was simulated with parameters as described in [4,5,6,8]. A sweep of system simulation results is shown in Table 2. From Table 2, it is apparent that classic FPC uniformy underperforms the proposed BMPC.   
Table 2: System Simulation Results with Fractional Power Control (FPC)

	Lx-tile = Perc. Path Loss [dB]
	-121
	-125
	-129
	-134
	-139

	Cell Edge Spec. Eff. 

[bits / sec / Hz ] 
	0.34
[39% worse than BMPC]
	0.40
[28% worse than BMPC]
	0.43
[23% worse than BMPC]
	0.40
[28% worse than BMPC]
	0.31
[44% worse than BMPC]

	Cell Spec. Eff. 

[bits / sec / Hz ]
	0.83
[16% worse than BMPC]
	0.83
[16% worse than BMPC]
	0.8
[19% worse than BMPC]
	0.7
[29% worse than BMPC]
	0.6
[39% worse than BMPC]


Third, FPC which accounts for strongest non-serving path loss [10], using non-uniform α, was simulated, in Table 3. UE-specific formula for α from [10] was used, in conjunction with the classic FPC. Such modification of α does give gains on top of classic FPC, but overall system performance with BMPC is still superior (26% cell - edge).
Table 3: System Simulation Results with Improved Fractional Power Control (IFPC)
	Lx-tile = Perc. Path Loss [dB]
	-115
	-119
	-123
	-127
	-132

	Cell Edge Spec. Eff. 

[bits / sec / Hz ] 
	0.17
[69% worse than BMPC]
	0.33
[41% worse than BMPC]
	0.41
[26% worse than BMPC]
	0.37
[33% worse than BMPC]
	0.30
[46% worse than BMPC]

	Cell Spec. Eff. 

[bits / sec / Hz ]
	0.91
[8% worse than BMPC]
	0.93
[6% worse than BMPC]
	0.94
[5% worse than BMPC]
	0.92
[7% worse than BMPC]
	0.85
[14% worse than BMPC]


Two inter – cell power control parameters are associated with Load Indicator. The first one is the interference threshold (or RoT) at each cell, above which a busy load is issued or broadcasted to all non-serving UEs. This parameter, denoted as RoTcell, is set to be 4 dB above AWGN variance (denoted as σ2) in the simulations. The second parameter is the weighted interference generated by a UE. Let Li denote the load indicator from cell i, where i = 1 represents busy and i = 0 represent not busy. Also let P denote a UE’s transmit power, PLi denote the UEs large scale fading (including pathloss, shadowing, antenna pattern, etc.) to cell i. Then, the weighted interference of a UE, denoted as WI, is defined as WI = ∑i Li * PLi * P (in linear scale). The parameter sweep is carried over RoTUE, which is defined as WI – σ2 in dB scale. Table 4 shows that LI has comparable cell – average throughput to BMPC, but suffers from poor cell – edge throughput.  
Table 4: System Simulation Results with Load Indicator (LI)
	ROTUE [dB]
	0
	4
	8
	10
	12

	Cell Edge Spec. Eff. 

[bits / sec / Hz ] 
	0.181
[67% worse than BMPC]
	0.208
[62% worse than BMPC]
	0.222
[60% worse than BMPC]
	0.212
[62% worse than BMPC]
	0.206
[63% worse than BMPC]

	Cell Spec. Eff. 

[bits / sec / Hz ]
	0.803
[18% worse than BMPC]
	0.896
[9% worse than BMPC]
	0.935
[5% worse than BMPC]
	0.936
[5% worse than BMPC]
	0.944
[4% worse than BMPC]


4. Conclusion and Recommendations

In this contribution, we show that the BMPC throughput degradation is small in case not all UEs can receive neighboring cells’ power control information. Further, we compare the throughputs of several existing power control methods. Overall, the proposed BMPC provides superior cell – edge and cell – average throughputs, with little signaling overhead.  Thus, BMPC is recommended to be supported for EUTRA, for the open – loop inter – cell power control. 
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6. Appendix: System Simulation Assumptions
	Table 1: System Simulation Assumptions
Parameter
	Assumption

	Cellular Layout
	Hexagonal Grid; 19 NodeBs
Three Cells Per NodeB

	User Drop
	Uniformly Inside the Cell

	Minimum Distance Between UE and Tower
	35 m

	NodeB Antenna Bore Site 
	Towards Flat Side of the Cell

	Inter – Site Distance
	500 m

	Shadowing Standard Deviation
	8 dB

	Path Loss
	128.1 + 37.6log10(R) where R is in kilometers  

	Shadowing Standard Deviation
	8 dB

	Shadowing Correlation
	Between Cells 
	1.0

	
	Between NodeBs
	0.5

	Penetration Loss
	20 dB

	Antenna Pattern
	A = - min {12 (θ / θ3dB)2, 20dB}.

θ3dB = 70 degrees

	System Bandwidth
	2.5 MHz @ 2 GHz

	Numerology
	RB size
	24 Sub – Carriers 

	
	Number of RBs
	6

	Channel Model
	SCM – C 

	UE Velocity
	3kmh

	UE Power Class
	24dBm 

	Number of UE Antennas
	1

	Number of NodeB Antennas
	2

	Receiver Equalizer
	MMSE; Lookup BLER per [7]

	Channel Estimation Penalty
	1dB

	UE Antenna Gain
	0dBi

	NodeB Antenna Gain
	14dBi

	Number of UEs per NodeB/Cell
	18/6

	HARQ Type
	Chase Combining

	Maximum Number of Retransmissions
	5

	HARQ Retransmission Delay
	5 TTI

	Traffic Model
	Full Buffer

	Scheduler 
	Proportional Fair

	Scheduling Delay 
	1 TTI

	Uplink Power Control
	Slow with 40 TTI Period

	MCS Set
	QPSK: {1/5, 1/4, 1/3, 1/2, 5/8} 

	
	16QAM: {1/3, 1/2, 5/8, 3/4}
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