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1. Introduction
As part of the E-UTRA Study Item, RAN WG4 is assessing the co-existence of E-UTRA with itself and other legacy network technologies deployed in the same geographical area, in an adjacent channel. Most aspects of the E-UTRA physical layer are defined in TR25.814. However, the uplink Power Control (PC) algorithm has not yet been finalised, and a representative model must be defined for use with co-existence studies.

This paper presents and compares the behaviour of a number of PC schemes that have been proposed on the email reflector.  We consider performance in an isolated network, as well as how the PC behaves when co-existing with itself and with other network technologies.

The aim of this paper is to select the scheme most appropriate scheme for use with E-UTRAN co-existence studies.

2. Proposed Schemes

Two similar algorithms have been proposed for setting uplink transmit power, as shown below in equations 1 and 3.
Pt = max (Pmin, min (Pmax, (  * PathLoss(   * N))



…Eqn 1

Where:


Pmax and Pmin are the limits of UE transmit power, which are 24dBm and -30dBm, respectively. 

Pathloss includes antenna gain, shadow fading and Minimum Coupling Loss (MCL)


( sets the absolute transmit power relative to the noise

( controlls the degree of path loss compensation. 1=full compensation, 0 = no compensation.


N is the thermal noise in the bandwidth occupied by the UE, plus the noise figure as described below in Eqn 2
            N (dBm) = 10*log10(k*T) + 10*log10(NRBs *375000 Hz) + NF_dB + 30dB


…Eqn 2
Where:



k=Botzmans constant = 1.38E-23 joule/Kelvin



T=290 Kelvin (std room temp)



NRBs = Number 375 KHz Resource Blocks per UE



NF_dB = Noise figure = 5dB at the BS for uplink 



The +30dB term converts from dBW to dBm

The second algorithm was proposed by Motorola in [1], and has similar behaviour to Eqn 1. The difference is that the absolute power is based on a path loss percentile rather than the noise floor. 
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…Eqn 3
Where:  


Pmax is the max UE power and Rmin is equivalent to Pmin / Pmax in Eqn 1



( is the path loss compensation exponent, equivalent to ( in Eqn 1



Pathlossx-ile  is the pathloss reference point above which all UEs transmit full power.

It can be shown that equations 1 and 3are equivalent if the following parameter conversion is used:
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…Eqn 4
Table 1 summarises the schemes that have been proposed for E-UTRA. Appendix 1 shows how the alpha value was chosen for the (=1 and (=0.8 schemes.
Table 1 Parameters describing the different power control schemes under consideration 
	beta or  gamma
	alpha
	Lxile, dB
	Comment

	
	dB
	N=-107.2
	N=-104.2
	

	1
	16
	115
	112
	‘Normal’ full path loss compensation, giving a fair performance with optimum cell edge throughput

	0.8
	21
	138
	134
	Low power scheme for optimum co-existence with UTRAN

	0.8
	35
	120
	117
	Optimal performance with (=0.8, introduced as a compromise between (=1 and (=0.5 schemes

	0.5
	70
	122
	116
	Fractional path loss compensation, trading cell edge performance for higher cell throughput.

	0
	Large
	Small
	Small
	No power control, all UEs transmit full power


2. Performance of Schemes in a Single Network

This section considers network performance for each scheme when used in an isolated network. This is assessed with Monte Carlo simulations, similar to those used for co-existence. First, it is instructive to see how much power is being transmitted in each scheme, as shown in Figure 1.
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Figure 1 Transmit power distributions for different schemes

Figure 1 shows the distribution of transmit powers in different schemes. 

· With (=0, all UEs transmit max power.

· The (=1 curve shows the power needed to compensate for path loss. 
· In comparison, the (=0.5 and (=0.8, α=35 schemes generally transmit more power 

· The (=0.8, α=21dB scheme generally has low power. No one transmits full power.

Figure 2 shows the resulting UE throughput distributions:
· (=0. Very unfair. Some UEs have very high throughput, but 20% have no throughput at all
· (=1  the fairest, with good cell edge performance (5%-ile), but peak rates not as good as other schemes
· (=0.5, a compromise between (=1 and (=0, giving higher rates for most UEs, at the expense of the cell edge, which just gets some throughput.

· The (=0.8 α=21dB generally has low UE throughput, as would be expected given the low transmit power.

· The (=0.8 α=35dB better peak rates than (=1, with only a small degradation in cell edge (5%ile)

Assuming alpha is optimised, varying beta allows a trade between the cell edge and the average UE throughput.
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Figure 2 UE throughput distributions for different PC schemes.
2. Power Control and Co-Existence 
Co-existence simulations reveal how interference from an aggressor network reduces performance in a victim deployed in an adjacent channel.  Three types of co-existence scenario are used to compare the power control schemes:
1) Different PC schemes in aggressor, normal PC in victim.  This allows a comparison of the different levels of interference caused to a reference victim network.
2) Different PC schemes in victim, normal PC in aggressor. This shows how susceptible each scheme is from interference from a reference aggressor system.

3) Same scheme in victim and aggressor. Reveals how a given PC scheme co-exists with itself.

A description of the methodology for co-existence simulations can be found in [2]

Key assumptions:

· Cell range 500m (inter cell spacing 750m)

· Propagation for 2GHz
· 19 trisectored cells on hexagonal grid, victim and aggressor networks uncoordinated

· Flat ACLR mask, with values ranging from 100dB (no aggressor) down to 20dB 

· 1 UE per cell transmitting on all 12 RBs
· 5MHz Bandwidth assumed 

2.1 Different Power Control Scheme in the Aggressor
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Figure 3 Capacity degradation in a reference victim, for different aggressor PC schemes

Figure 3 reveals how aggressive each PC scheme is. The reference victim system uses the normal ((=1, alpha =16dB) scheme. Here we look at degradation in average UE throughput, although similar trends are seen in cell edge UE throughput. 
· The (=0 (all UEs at full power) is the most aggressive scheme, casing significant degradation in average UE throughput even at high ACLR.
· The low power (=0.8 α=21 scheme is the least aggressive with minimal degradation even at low ACLR.

· The normal (=1 scheme is less aggressive than the (=0.5 scheme, since in general, less power is transmitted.
· It was expected that the (=0.8 α=35 scheme would fall between that of (=1 and (=0.5. However it is seen to be similar to (=1. This is may be caused by a sub-optimal choice of alpha for the (=1 scheme.
2.2 Different Power Control Scheme in the Victim
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Figure 4 Capacity degradation in victims with different PC schemes, reference aggressor

Figure 4 reveals how susceptible each PC scheme is to interference from a reference aggressor using ‘normal’ (=1 PC. Trends are the inverse of those in Figure 3: The most aggressive schemes are the least susceptible to interference. For any given ACLR, the “quiet” (=0.8, α=21 scheme is degraded much more than the “noisy” (=0.5 or (=0 schemes. 

2.3 Same Power Control in Both Victim and Aggressor 
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Figure 5 Capacity degradation in victims with different aggressor PC schemes, reference aggressor

Figure 5 shows that when the same PC scheme is used in both victim and aggressor, performance degradation vs ACLR is similar in all cases. This means that results of E-UTRA ( E-UTRA co-existence studies are not sensitive to the choice of power control scheme.

Assuming that the ‘normal’ (=1 power control scheme is the most representative of a WCDMA or GSM network, it was expected that the best compromise between aggressiveness and susceptibility would be achieved using the same scheme in E-UTRA.  It was also seen that a good balance was also achieved with (=0.8, α=35dB scheme, although more detailed analysis is recommended to confirm that this is always the case.
3. Conclusions & Proposal 
Uplink power control schemes are based on two key parameters: 

1) beta, sets the degree of path loss compensation: 1= full compensation, 0=no compensation

2) alpha (or Pathlossxile) sets the absolute level of power

A comparison of a range of schemes concluded the following:

· (=0 All UEs transmit full power. A very aggressive network with poor cell edge performance.

· (=1 A fair network with good cell edge performance but lower average throughputs than schemes with (<1. A good choice for co-existence – not too aggressive or susceptible. Recommended.
· (=0.5 High average UE throughput, but poor at the cell edge. Makes for an aggressive network. 

· (=0.8 (= 21dB a low power network that is the least aggressive. However, it has poor UE throughput performance and is highly susceptible to interference from networks in adjacent channels

· (=0.8 (= 35dB similar cell edge and co-existence performance to (=1 scheme, but with higher average throughput. Recommended

It was found that when the same PC scheme is used in two coexisting networks, the choice of scheme has little effect on throughput loss vs. ACLR. However, when considering co-existence of E-UTRA with other network technologies, it is important to select a scheme that strikes a good balance between aggressiveness and susceptibility.

Although the (=0.8, α=35dB performs well, Nortel has reservations about the use of power control schemes that do not fully compensate for pathloss (i.e. ((1). It is felt that the disadvantages of such an approach may only become apparent by modelling mechanisms such as realistic inter-subcarrier interference or MIMO.  However, since these are not included in co-existence studies, Nortel accepts the (=0.8 α=35dB scheme is suitable.
Proposed uplink power control parameters for co-existence studies:

Beta/Gamma = 0.8,   alpha =35dB   

Where alpha is equivalent to: 
Lxile = 120.3dB for N + NF =-107.2 dBm  

                        


and: 
Lxile = 116.5dB for N + NF =-104.2 dBm
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Appendix 1 Selection of Alpha for (=1 and (=0.8 schemes
The following figures show how Cell edge (5%ile) and average throughput vary as a function of alpha, for (=1 and (=0.8 schemes.  The value of alpha used in each scheme was selected to maximise cell edge throughput.
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