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1 Introduction

Different uplink power control schemes were discussed during the last 3GPP RAN WG1 meetings with the conclusion to utilize a “closed-loop power control around a set-point obtained by open loop periodic or a‑periodic updates for LTE”. For scheduled data a-periodic updates are used which are included in UL scheduling grants. Consequently the UE can transmit on the granted UL resource with the power adjustment applied immediately and the PSD is set in the UE according to a standardized rule which is for further study. 

Focus of this contribution is to investigate different PC rules such as full and fractional path-loss compensation. Goal is to asses the gains of those enhanced schemes in terms of system performance. The results are valid for PUSCH PC with scheduled data transmission. For non-scheduled data and PUCCH signalling the conclusions are expected to be different and the details on the signalling and performance requirements are still for further study.
2 Power Control Mechanism
As already described in various contributions the PUSCH intra-cell power control can be a combination of open and closed loop operation. Based on a formula the PSD (Power Spectral Density) is set taking path‑loss to serving cell and in some other proposals channel measurements to neighbour cells into account. For the full (α=1) and fractional path-loss compensation scheme (α<1) the power is set according to the following rule:

P=min{ Pmax, M · [ Po + α · PL + Δ ] } 
(1)
where PL is the measured path loss to the serving cell, M is the number of assigned RBs, Po and α are higher layer parameters to control the received PSD at the Node B and Δ is a UE specific offset controlled via the agreed physical layer UL scheduling grants.
For the delta path-loss measurement based schemes the difference in pass-loss estimation to the serving cell and strongest neighbour cell is also taken into account. These schemes are not in the focus of this contribution but in our opinion need to be investigated thoroughly as well. One issue there is that realistic errors due to path-loss measurements should be considered in those investigations, since we expected that the induced performance degradation should not be neglected.       

3 Simulation Assumptions
The simulations assumptions are given in Table 1. We assume, that Δ adjustments are used infrequently but can be applied to adapt to changes in the inter-cell interference situation or to correct the path-loss measurements and power amplifier errors. Fast fading is not compensated by the simulated power control operation. 
	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
	TU Channel

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

	Inter site distance
	500 m 

	Penetration loss
	20 dB

	System Models

	Spectrum allocation
	5 x 180 kHz 

	Maximum UE output power 
	250mW (24 dBm)

	Max antenna gain
	15dBi

	Scheduling
	Random scheduling with 10 users

	Power Control 
	

	Path-loss Compensation
	α=0.8 and 1.0

	PC Error Model
	

	Lognormal Distribution
	N/A


Table 1: Simulation assumptions
4 Simulations Results 
Figure 1 and 2 show the CDF of the effective SINR and the UE transmission power for the two PC schemes: fractional and full path-loss compensation for a comparable cell edge performance. It can be seen that the fractional compensation scheme shows a performance gain in terms of UE power consumption and received SINR which transfers into an average cell throughput gain of about 10%. The amount of UEs transmitting at maximum power is reduced from 20% to 13%. 
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Figure 1: SINR distribution at Node B (ISD=500 m)
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Figure 2: UE transmit power distribution (ISD=500 m)

5 Conclusions

In this contribution the performance of the agreed PUSCH power control scheme is investigated and fractional and full path-loss compensation to set the PSD at the UE are compared. Results and gains indicate that a fractional compensation scheme is beneficial in terms of UE transmission power and improved average throughput performance. For delta path-loss measurement based schemes taking path-loss to serving and best neighbour cell into account thorough investigation is needed as well. One issue there is that realistic errors should be considered, since we think that the induced performance degradation due to the needed measurement of the weaker neighbour cell reference signal should not be neglected.
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