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Introduction
In RAN1#48bis meeting, the followings are agreed as working assumption for basic power control algorithm for E-UTRA UL [1].
· PSD is set in the UE according to a standardized rule, formula for this rule is FFS

· As consequence of the UL grant coming with the power adjustment, the UE can transmit immediately

· A-periodic UL power control adjustments

· For scheduled data: PC adjustments are included in UL scheduling grants

The followings are also agreed as baselines for inter-cell power control method.
· Cell wide overload indicator (OI) exchanged over X2 on a slow basis

· Neighbouring eNode-B can control individual UEs served by that eNode-B through it’s scheduler based on OI and available knowledge (e.g. path-loss obtained from normal handover measurements)

In this paper, we suggest an a-periodic open-loop power control scheme for PUSCH based on the assumptions above.
Modified FPC scheme
1.1. FPC formula at UE side or eNode-B side
We basically suggest applying FPC scheme to PUSCH PSD control [2][3], which can set different target SINR depending on each UE’s path-loss to serving cell to increase the UL cell throughput. FPC formula can be handled either by UE or eNode-B as follows.
· FPC handled by UE
In this case, fractional path-loss compensation for FPC is automatically updated by each UE following the equation (1) below, where,  and are the system parameters conveyed from network, ( is PSD adjustment conveyed by UL scheduling assignments, PL is the measured path-loss between UE and serving cell, and Pmax is the maximum transmission PSD of UE. 
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· FPC handled by eNode-B
In this case, eNode-B updates fractional path-loss compensation for each UE by adjusting the term ((PL) based on the variation of path-loss. That is, ((PL) contains a component ((-1)(PL to apply FPC by eNode-B adjustment.
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If eNode-B handles FPC as in equation (2), both eNode-B and UE make use of UE-measured path-loss value. This is not efficient way for open-loop power control since merit of open-loop power control is automatic PSD update at UE side to avoid frequent UE reporting and eNode-B signaling. Slow path-loss adaptation may result in system throughput loss as briefly shown in [6]. Therefore, we suggest applying FPC formula at UE side as in equation (1).  
1.2. Modification of FPC 
It is well known that FPC has been adopted in GPRS system. However, E-UTRA system will have a higher frequency reuse factor than GPRS system to obtain the high spectral efficiency, and so the interference between neighbor cells should be considered. 

Figure 1 shows the transmission power level of the classical 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’ transmission 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 FPC 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, which is why 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 (3)
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(3)
where PL means the difference between path-loss to serving cell and strongest neighboring cell. That is, ( or (0 has multiple values (or any function type) depending on the path-loss difference, and UE adopts an appropriate value based on the measured path-loss difference. An example is shown in Figure 2. In the example, if the measured path-loss difference, PL PLneighbor -PLserv, is less than the pre-defined threshold T, 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.
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Figure 2. Example of received SIR as a function of alpha
( or (0 value for each may be selected and signaled by eNode-B based on UE-reported path-loss statistics. However, we think that parameters derived by path-loss difference should be updated at UE side since the path-loss measurement is performed by UE and the update rate can be flexible without frequent UE-reporting if UE automatically update those parameters. 

It should also noted that signaling through X2 interface cannot help the knowledge on the path-loss difference at eNode-B side since an eNode-B cannot estimate UL path-loss of UEs in neighbor cells. Therefore UL power control based on X2 signaling is used only for UL load control.
Simulation results

· Basic simulation assumption and parameters
Basic parameters used in simulation are described in Table 1, where transmission power is updated every 100 sub-frame based on interference level and power control parameters broadcast by eNodeB, and  is controlled for load control so that the average IOT value over 57 cells is kept within 0.25dB for target IOT value shown in Table 1.
In our simulation, some open-loop power control schemes listed in below are simulated and compared.
· Scheme-1 : Basic FPC scheme with =0.7

· Scheme-2 : Modified FPC scheme with =0.7~1.0 (as shown in Figure 3 in Annex)
· Scheme-3 : Classical open-loop PC scheme, where PSD of PUSCH is based on only path-loss difference irrespective of path-loss to serving cell [4][5]. In this scheme, initial value of target SIR is set as Figure 4, and SIR0 is controlled by load control algorithm described in above phrase.
· Availability of path-loss difference information
As mentioned in above section, the scheme 2 and scheme 3 need the path-loss information to neighboring cell, which could be obtained from measurement process. However, for some UEs, especially ones in cell-center region, the path-loss to neighboring cell (path-loss difference information) may be not available, and the power selection rule without path-loss difference information should be equipped for that case.

For modified FPC scheme (scheme-2), UE without any available path-loss information on neighboring cell sets its power spectral density for PUSCH with =0.7.For classical open-loop PC scheme (scheme-3), the path-loss to neighboring cell is set to a pre-determined value which would be related to performance of measurement (e.g. synchronization channel) and receiver performance of UE. The value is set to threshold value (given as C/I threshold in Table 2) minus 3 [dB] for all of UEs in our simulation. However, it does not mean that the pre-determined value could be set to same value irrespective of the receiver performance of UE.
· Simulation results
Simulation results are shown in Table 2. C/I threshold in Table 2 means the geometry value for availability of path-loss to neighboring cell, and it is assumed that UE with lower geometry value to neighboring cell than a given value could not obtain the path-loss information of neighboring cell. In case without any limitation, the modified FPC scheme has 15% and 16% gains over original FPC scheme in terms of sector throughput and cell-edge UE throughput, respectively. As the availability on neighboring cell’s path-loss information is limited more (C/I threshold increase), the sector throughput gain decreases, but it is shown that 5% UE throughput gain nearly keeps constant. When comparing the modified FPC scheme with classical open-loop PC with PL, the system throughput seems to be comparable, but there is a merit over classical open-loop PC in terms of average UE transmission power.
Figure 5 and 6 in Appendix show the average UE transmission power as a function of path-loss to serving cell for power control schemes. As expected, the modified FPC scheme has more similar shape to the basic FPC scheme, as C/I threshold for availability of path-loss difference information becomes higher. For the classical open-loop power control, the slope is not changed but the dispersion of transmission power at a given path-loss is smaller.
Table 1. Effects of non-available neighboring cell path-loss on system performance
	
	C/I threshold
(dB)
	Sector throughputt

(bps/Hz)
	5% UE throughput

(bps/Hz)
	Avg IOT
(dB)

	FPC (PL)
	N/A
	0.826
	0.0416
	3.974

	MFPC
(PL and PL)
	w/o limit
	0.960
	0.0499
	4.000

	
	-10
	0.962
	0.0499
	4.046

	
	-5
	0.854
	0.0495
	3.882

	Classical PC

(Only PL)
	w/o limit
	0.958
	0.0494
	3.942

	
	-10
	0.947
	0.0501
	3.947

	
	-5
	0.853
	0.0508
	3.988


Conclusion

In this contribution, we suggest employing FPC as power control scheme for PUSCH where PUSCH PSD is updated automatically following FPC formula at UE side. More specifically, we suggest the FPC parameter value is adapted based on the path-loss difference between serving cell and neighboring cell. System level simulation results show that the efficient interference management of the proposed scheme could provide the improved system performance despite of the limitation on availability of the path-loss difference information.
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Appendix
Table 2. 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 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 scheduled resource units (RUs)
	4 (72 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
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Figure 4. Target SIR depending on path-loss difference in scheme-3
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Figure 5. Average transmission power in case with full knowledge of neighboring cell path-loss
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Figure 6. Average transmission power in case with limited knowledge of neighboring cell path-loss 
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