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Introduction
Uplink power control in E-UTRA system is an important functionality in various respects, e.g. intra-cell and inter-cell interference management, out-of-band emission, power consumption of UE, etc. One of the power control schemes proposed in last meetings is a fractional power control (FPC) [2]

 REF _Ref155974292 \r \h 
 \* MERGEFORMAT [3], which has been already adopted in GPRS for efficient link adaptation and interference management. However, E-UTRA system will have a higher frequency-reuse factor than GPRS system to obtain the high spectral efficiency, and so the strict interference management may be necessary for the stable operation of E-UTRA system. 
For the achievement of such an objective, the modified type of FPC scheme for tighter interference control is proposed in this contribution, which is same as the basic FPC scheme in special case.
Modified FPC scheme
An open-loop power control scheme (fractional power control, FPC) was proposed as the power control for the uplink shared data channel by some companies [2]

 REF _Ref155974292 \r \h 
[3]. In FPC scheme, UE autonomously updates the power per resource block (or the received SINR) based on measurement of path-loss between UE and serving cell as equation (1)
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where 
and are the system parameters conveyed from Node-B for determining the UL-SCH power, PL is the measured path-loss between UE and serving cell, and Pmax is the maximum transmission power of UE. 
The power setting of fractional power control scheme may be thought as a kind of statistical approach for the interference management, and Figure 1 shows the transmission power level of the typical open-loop power control (=1) and the FPC scheme (<1). As shown in Figure 1, the transmission power of UE located in vicinity of Node-B is set higher than fully-compensated power control (classical open-loop power control) in order to obtain the high system throughput. To the contrary, UE in cell-edge transmits the data channel with lower power to lessen the inter-cell interference. Since the transmission power is determined based on only path-loss to serving cell in the FPC scheme, if two UEs have the same path-loss to serving cell, those UEs transmit power levels are same irrespective of path-loss (interference level) to neighboring cells. However, since the inter-cell interference in mobile channel may not be proportional to the path-loss to serving cell due to shadowing effect, and this results in a inefficient inter-cell interference management.
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Figure 1. Transmission power for fractional power control scheme
In order to obtain the efficient interference management, we believe the path-loss to neighboring cell should be considered in the power control process, so the modification of FPC scheme is proposed. In modified FPC scheme, path-loss difference is considered to reflect the inter-cell interference level, which is shown in equation (2)
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(2)
where  means the difference between path-loss to serving cell and strongest neighboring cell. That is, the controllable power control parameters have multiple values (or any function type) depending on the path-loss difference, and UE adopts the appropriate value based on the measured path-loss difference. If the parameter values are given by Node-B, the modified FPC scheme becomes exactly same to the basic FPC scheme. An example is shown in Figure 2, where the compensation factor, , among the controllable parameters is given as a variable of path-loss difference. In the example, if the measured path-loss difference, , is less than the pre-defined threshold, the fractional power control scheme is same to classical open-loop power control and the received SIR is constant irrespective of the UE’s position. Otherwise, the transmission power is set same with the FPC scheme with =0.7. Other parameters than could also be adopted for the management of neighboring cell interference in basic FPC scheme. 
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Figure 2. Transmission power level and received SIR as a function of alpha
In modified FPC scheme, UE autonomously sets transmission power of data channel based on FPC scheme, with more consideration on inter-cell interference. So, UE may more quickly respond to a change of channel environment for both serving cell and neighboring cell. For example, when UE suddenly appears at corners to a neighboring cell, in original FPC scheme, the power of UL-SCH would not be changed due to stable channel environment of serving cell even through the interference to neighboring cell becomes higher, then the rise of interference is mitigated through the load control with inter-Node-B communication, which may be slower response than expected. In that case, if the path-loss difference is automatically considered at UE side, UE approximately lessen the transmission power as a response of abrupt change of channel. Additionally, if needed, Node-B could update the parameters of power control regarding the path-loss term in order to finely tune interference level like the basic FPC scheme.
Simulation results
Basic parameters used in simulation is described in Table 1,, and the compensation factor, , for modified FPC scheme is shown in Figure 3. Simulation is performed in case of 500 meter (case 1, interference-limited case) and 1732 meter ISD (case 3, power-limited case)[1]. Transmission power is updated every 200 sub-frame (200 msec), and measurement error is modeled as independent Gaussian random variables for serving cell and strongest neighboring cell. 
Table 1. Basic simulation parameters and assumptions
	Parameter
	Values

	Bandwidth
	5 MHz

	Sub-frame length
	1.0  ms

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter- site distance
	500/1732 m

	Minimum distance between UE and cell site
	35 m

	Antenna pattern
	70-degree sectored beam

	Distance dependent path loss
	128.1 + 37.6log10(r)

	Maximum UE transmission power
	24 dBm (250 mW)

	Penetration loss
	20 dB

	Thermal Noise Density
	-164 dBm/Hz

	Receiver Antenna Gain
	14 dBi

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells/sectors
	0.5 / 1.0

	Multipath delay profile
	TU channel

	UE speed
	3 / 30 km/hr

	Number of receiver antennas
	2

	Scheduler type
	Proportional fair scheduler

	Number of UE
	10

	HARQ type
	Synchronous & Non-adaptive (Chase combining)

	Control (scheduling) delay
	4 sub-frame (2.0 ms)

	# of HARQ process
	6 channels

	# of resource units (RUs)
	4 (75 subcarriers / RU)

	Compensation factor (alpha)
	0.7 (for FPC)

Figure 3 (for modified FPC)
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Figure 3. Function for compensation factor used in simulation

In case 1, it can be seen that the modified FPC scheme is superior to the basic FPC scheme in terms of both sector throughput and 5% UE throughput. In case of ideal path-loss measurement, the sector throughput gain is around 10%. The difference of sector throughputs between the basic FPC and the modified FPC keep nearly constant even if the measurement error increases, and modified FPC still provides sector throughput gain even when the measurement error comes up to 9 dB. It should be also noted that measurement error doesn’t harm the 5% UE throughput with both schemes
In case 3, both schemes have similar performance, because case 3 is not interference limited environment, but power-limited environment. In that case, most of UEs should transmit the data with the maximum transmission power in order to obtain a high sector throughput.
Table 2. Simulation results of FPC scheme in case 1
	Power control scheme
	Variance of Measurement

Error
	Sector Throughput
	5% UE Throughput
	IOT

(Mean)

	FPC
	0 dB
	0.853
	0.043
	4.4

	
	3 dB
	0.814
	0.043
	4.4

	
	6 dB
	0.783
	0.041
	4.7

	
	9 dB
	0.750
	0.040
	4.2

	Modified FPC
	0 dB
	0.966
	0.050
	4.1

	
	3 dB
	0.928
	0.051
	4.2

	
	6 dB
	0.889
	0.053
	4.3

	
	9 dB
	0.836
	0.053
	4.45


Table 3. Simulation results of  FPC scheme in case 3
	Power control scheme
	Variance of Measurement

Error
	Sector Throughput
	5% UE Throughput
	IOT

(Mean)

	FPC
	0 dB
	0.836
	0.0092
	3.9

	
	3 dB
	0.800
	0.0090
	4.0

	
	6 dB
	0.785
	0.0088
	4.1

	
	9 dB
	0.771
	0.0086
	4.2

	Modified FPC
	0 dB
	0.838
	0.0090
	4.0

	
	3 dB
	0.843
	0.0091
	3.8

	
	6 dB
	0.840
	0.0092
	3.8

	
	9 dB
	0.838
	0.0090
	4.0


Conclusion
In this contribution, we propose the modified FPC scheme in order to mitigate the inter-cell interference, where the appropriate parameter value is adapted based on the path-loss difference between serving cell and neighboring cell. The system level simulation shows that the efficient interference management of the proposed scheme could provide the improved system performance despite of the existence of the measurement error.
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�  could be easily derived from the SINR at targeted path-loss, alpha value and average interference power.
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