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1 Introduction

In the LTE uplink, the performance of the system heavily depends on the type of power control scheme introduced and supported by the standard. This paper investigates the performance of slow power control with an application of partial path loss compensation. The compensation procedure deploys an averaging filter as to remove the influence of the fast fading and to arrive at the path loss estimate (which, thus, includes also shadowing and antenna attenuation). An estimation error of path loss measurements (i.e. its inaccuracy) is analyzed. It is concluded that measurement errors lower than 2 dB can be achieved. The accuracy depends on the detailed algorithm the mobile terminal’s velocity and the length of the averaging window.

As shown in other contributions [1,3] the major goal of UL power control is to improve the cell edge behaviour and to relax the requirements on the intra cell orthogonally. We, thus, first investigate the requirements for the power control accuracy and then investigate the feasibility to achieve the required accuracy. 
2 Power Control Algorithm
For this investigation, a slow PC algorithm with fractional path loss compensation as already described in [3] is used, in the form of the following formula:
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where PUE is the power of the UE, N is the noise power level, SNRtarget is the targeted receive power level to the noise power level, g is an estimate of the path loss (including shadowing and beam pattern) between UE and Node The parameter α can be used to fine tune the power control behaviour: α = 1 will completely compensate the path loss (ordinary PC) while α =0 will not perform any compensation at all (no PC); any intermediate values will compensate a fraction of the path loss. Please note that α may well be configured by higher layer signalling. 
3 Assumptions

A summary of the simulation assumptions is given in Table 1. For the evaluation a dynamic simulation methodology is used. In each simulation run, the terminals are randomly positioned and move randomly in the simulation area while the radio channel between UEs and Node Bs is recorded taking path loss, shadowing and fast fading into account. 
	Traffic Model

	User distribution
	Uniform

	Data generation
	Full Buffer

	Radio Network Model

	Distance attenuation
	L = 35.3+37.6*log(d), d = distance in meters

	Shadow fading
	Log-normal, 8dB standard deviation

	Fast fading
	Single path Rayleigh fading / Vehicular A

	Cell layout
	Hexagonal grid, 3-sector sites, 57 sectors in total

	Inter site distance
	1732 m 

	Penetration loss
	Not applied

	System Models

	Spectrum allocation
	180 kHz (chunk wise allocation) and 10MHz (full bandwidth allocation)

	Maximum UE output power 
	250mW

	Max antenna gain
	15dBi

	Scheduling
	Random selection of UEs

	Power Control Model
	

	Fractional Compensation
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	PC Schemes
	Fixed transmit power, slow and fast PC

	SNR Target
	3 dB

	Error Model
	

	Lognormal Distribution
	Standard Deviation 0,3 and 6 dB


Table 1: Simulation assumptions
4 SINR Distribution 
The described fractional slow power control scheme has been investigated under the assumption that each active user is randomly scheduled and the assigned resource block size is 180 kHz and 10 MHz. It is assumed that the intra cell performance is ideal (frequency errors are neglected and the cyclic prefix is assumed to completely absorb timing uncertainties and channel taps).
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Figure 1: SINR distribution at the Node B antenna (180 kHz case)
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Figure 2: SINR distribution at the Node B antenna (10 MHz case)
5 Accuracy requirement
From the above plots it can be seen, that a 3 dB power control error does not yet affect the performance seriously, however when the error is as big as 6 dB then the gain over no power control in the low SINR region, which is the main objective of power control, becomes insignificant. So it looks that PC becomes somewhat pointless for such a large error. Consequently we can conclude that an accuracy of at least 3 dB is desirable.
6 DL Path-Loss Estimation

Figure 3 shows the principle of the channel variation (variation of reception power) experienced at a UE moving with 120 km/h. The green curve is the channel variation due to shadowing and the red curve is the variation due to the superposition of fast fading on top of shadowing. The figure assumes a one tap fading channel without any kind of diversity, as this is the most extreme case to be considered. 
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Figure 3: Pathloss/RX power variation at UE (120 km/h)

In Figure 4 below, the path loss estimation error as a function of an averaging filter window length is presented for mobile velocities of 3, 30 and 120 km/h. Table 2 gathers quantitative results for window lengths of 100, 500 and 1000 ms. The results are obtained for an ideal reporting settings, where the error was estimated taking into account the most recent ideal information about the path loss state, not considering the signaling frequency.
The following conclusions apply. The optimal averaging filter window lengths are 80, 320 and 2500 ms for 120, 30 and 3 km/h velocities, respectively.  Clearly the averaging filter window length should be selected from the range of 150 ms up to 390 ms in order to comply with the stated accuracy requirements, or, as in optimal case, can be associated with the velocity of a mobile.

For all considered velocity cases, the path loss estimation error curves are firstly decreasing and, after reaching its optimum, begin to increase. This behaviour is understandable as, for relatively short window lengths, the averaging simply do not eliminate the effect of the fast fading sufficiently. Apparently a huge error would result if an instantaneous path loss measurement was used to estimate the shadow fading path loss, as on a too short term.  The optimal point indicates the best performance of the averaging filter. The increase of the estimation error is expected to be caused by the too long averaging window with respect to the variations of the signal, which starts to cause averaging effect to be applied not only to the fast fading, but also to the slow fading, thus leading to the increase of the overall estimation error.
Obviously, a single optimum window length common for the considered velocity cases would be in the order of 280 ms (the crossing point of green and red curves), causing an estimation error of at most 2.4 dB.
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Figure 4: Path loss estimation error as a function of averaging filter window length for 3, 30 and 120 km/h in Vehicular A channel conditions.

	
	Averaging filter window length

	Velocity [km/s]
	100 ms
	500 ms
	1000 ms

	3
	3.6 dB
	1.8 dB
	1.4 dB

	30
	1.7 dB
	1.4 dB
	2.2 dB

	120
	1.2 dB
	3.8 dB
	6.9 dB


Table 2: DL pat loss estimation error (Standard Deviation)
7 Closed loop PC estimation
In Figure 5, the path loss estimation error as a function of averaging window length at mobile velocity of 3km/h, 30km/h and 120 km/h for three different signaling frequencies is shown. The case of 120 km/h is a worst case scenario out of the considered set of velocities. In this case it is observed that decreasing the reporting frequency from (almost ideal) 200 Hz down to 10 Hz will cause the path loss estimation error to increase by about 0.8 dB, while the shape of the curve will generally be preserved (the optimum point will be shifted in favor of lower window length only slightly). At the same time, one can observe that there is not much gain in having frequent measurement reporting as the gain of 200 Hz signaling rate over 50 Hz case is rather negligible.
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Figure 5: Path loss estimation error as a function of averaging filter window length for a) 3km/h, b) 30km/h and c) 120 km/h in Vehicular A channel conditions; 10, 50 and 200 Hz signaling period considered.

8 Conclusions

UL power control and the performance (throughput) impact of transmission power inaccuracies in the context of DL path loss measurements and the PC update frequency are discussed in this contribution. From the simulation results and [2] it can be seen that for the UL slow PC the required accuracy (for both open and closed loop schemes) should be not worse than about 3 dB. It is further investigated that to achieve this accuracy an open loop power control scheme (which will need to also have a closed loop correction for practical purposes) can be applied and an error lower than 2 dB can be achieved for 3 to 120 km/h with a coarse velocity detection in the UE. However for the final decision whether to select an open or closed loop power control scheme, it needs to be clarified whether e.g. corner scenarios, where the path loss changes more rapidly, are of relevance. For those, the open loop mechanism would need to be further investigated and is possibly disadvantageous due to the long averaging periods needed at low velocities. DRX and DTX cycles might adversely affect the accuracy of both closed and open loop PC schemes, particularly for high velocities. 
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