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1 Introduction

The LTE uplink the behaviour heavily depends on the type of power control introduced and supported by the standard. Therefore this paper compares the performance of fast and slow power control applying partial path loss compensation. As can be seen the major goal of power control is to improve the cell edge behaviour and to relax the requirements on the intra cell orthogonally which is an issue in a real system scenario by frequency errors e.g. due to Doppler.
2 Power Control Algorithms

Different power control principles are studied and the SINR distributions at the NodeB are compared:
· Fixed transmission power:
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· Fixed receive power target:
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Slow PC with fractional path loss compensation
· 
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Fast PC with fractional path loss compensation
where 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 B and f represents the fast fading. The parameter alpha can be used to fine tune the power control behaviour: alpha=1 will completely compensate the pathlos (ordinary PC) while alpha=0 will not perform any compensation at all (no PC), intermediate values will compensate a fraction of the path loss.
3 Assumptions

A summary of the simulation assumptions is given in Table 1. For the evaluation a simple static simulation methodology is used. In each drop the terminals are randomly positioned in the simulation area and the radio channel between UEs and Node Bs is calculated 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

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

	Inter site distance
	1732 m 

	Penetration loss
	Not applied

	System Model

	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


Table 1:  Simulation assumptions
4 Results

The three described power control schemes have been investigated under the assumption that each active user is randomly scheduled and the assigned resource block size is 180 kHz. Further it is assumed that the intra cell performance is ideal (perfectly orthogonal) which means that Doppler and other frequency errors are neglected (which is of course an optimistic assumption, in particular if users are received with strong differences in received power at the Node B, see section 4.2).  
4.1 SINR Distribution
In Figure 1 and 2 the SINR distribution at the Node B antenna are shown. Compared to 'No PC' the cell edge SINR (or more precisely the 5%tile SINR) is improved by 5.2 dB in case of full BW allocation and by up to 9.8 dB in case of chunk wise BW allocation due to PC. 
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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)
In detail the cell edge improvement for slow power control is in between 5.2 dB and 7.1 dB and even higher for fast power control (up to 9.8 dB). Concluding slow and fast power control are a means to improve the cell edge performance and to enhance the system fairness. As can be seen in Figure 2 for the full bandwidth scenario the cell edge gain of both PC schemes is rather similar. For the high SINR values the performance of slow PC is superior due to the utilization of the channel gain during the good fading states. From these results we recommend to introduce at least a slow power control mechanism into the UL LTE system. To mitigate the needed signalling effort a combination of an open and closed loop scheme could be applied e.g. open loop measurement of downlink path loss and closed loop correction of initial measurement offsets. The fractional compensation factor alpha can be signalled by higher layers on a slow basis.
4.2 RX Power Variation
Typically, the intra cell interference is not perfectly orthogonal due to Doppler and other frequency errors. Then a high RX power variation induces additional SINR losses to the system. Therefore table 2 shows the power variation measured at the Node B for the simulation described above. Fast PC results in the lowest power variation. However for the full bandwidth scenario the difference between slow and fast PC is negligible. 
	RX Power Variation
(10%tile to 90%tile)
	No PC [dB]
	 Slow PC [dB]
	Fast PC [dB]

	180 kHz Case 
	27.6
	14.2
	4.9

	10 MHz Case
	28.0 
	16.1
	14.5


Table 2: RX power variation
From Table 2 it can be said that even if fast PC is more advantageous in terms of mitigating the RX power variation, slow PC is sufficient to limit the RX power variation in the investigated scenarios. 
5 Conclusions

Path loss based fractional uplink power control with and without fast fading compensation is discussed in this contribution. From the simulation results it can be seen that both fast and slow PC are means to effectively improve the cell edge behaviour and to relax the requirements on the intra cell orthogonality which is disturbed due to frequency errors. Due to the utilization of the channel gain during the good fading states for the high SINR values the performance of slow PC together with fast link adaptation is superior. From the investigations done so far we recommend to introduce at least a slow power control mechanism into the UL LTE system.
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