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1. Introduction
In RAN1#47bis, it was agreed that EUTRA would support a baseline slow rate UL Power Control, consisting of an open loop method in the serving cell, which parameters would be adjusted adaptively [Option 1]. Thus far, two baseline intra-cell open-loop power control methods have been proposed for EUTRA:
1. The fractional power control (FPC) [2].

2. The classic open-loop method with an adaptive SINR target [1]. 
This contribution presents throughput comparison of these two methods. 
2. Description of Proposed Methods

2.1. Classic Open – Loop Power Control

Classic slow open – loop power control is commonly performed [by the mobile] as 

P = min{Tserv – Lserv + Jserv, Pmax }.




(1)

Equation (1) is in logarithmic [dB] scale, and following definitions apply: 

· Tserv is the target SINR in dB scale, and in the serving cell.
· Lserv is the estimated long-term fading gain from the UE to the serving cell, in dB scale. This includes “propagation loss,” “antenna gain pattern,” and “shadowing.” 

· Jserv total interference seen by the serving cell, in dBm scale.
Pmax is commonly designated to be the maximum transmit power of the mobile device, in dBm scale. Throughout the system simulation, Tserv is adapted so that a pre-set percentage ρ% or UEs transmit at Pmax, as follows: if more than ρ% of UEs reach Pmax, then Tserv is reduced; otherwise it’s increased. Adaptation rate of once per 40ms was selected [1], and a sweep over values for ρ is performed. 
2.2. Fractional Power Control [FPC]

In FPC, transmission power of each mobile directly depends on the path loss to the serving NodeB, and a number of other pre – determined parameters, which are specific to the FPC. With FPC, transmit power settings of a mobile are computed as
     P = Pmax 
[image: image1.wmf]×

 min{1, max [Rmin , (Lx-tile / L)α ]}



    (1)

Equation (1) is in linear scale, and following definitions apply: 

· Pmax is the maximum transmission power of the mobile device. 

· L is the path loss to the serving NodeB. This includes “propagation loss,” “antenna gain pattern,” and “shadowing.” These are modelled as per Table 1 below. 
· ( is the pre – set balance factor, with 0 < ( < 1. Its recommended setting is ( = 0.8.
· Rmin is minimum power reduction ratio. Its recommended setting in is Rmin = – 54.  
· Lx-ile is the x-percentile path loss. Sweeping over the x-percentile path loss generates a tradeoff between the average spectral efficiency, and the cell – edge spectral efficiency (5% CDF). 
3. Performance Comparison: System Simulation Results
Under assumptions as in Table 1, throughput comparison of FPC and classic open – loop power control is given in Figures 1 – 3 , for Cases 1 and 2 [interference limited] and Case 3 [path loss limited], respectively. 
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Figure 1: Spectral Efficiency [bits/sec/Hz/sector] Comparison for Case 1 [ISD 500m].
[image: image3.emf]0.6 0.65 0.7 0.75 0.8

0.2

0.3

0.4

0.5

0.6

0.7

Cell Edge Spectral Efficiency

Cell Average Spectral Efficiency

 

 

FPC

Classic PC, adapt Target SINR


Figure 2: Spectral Efficiency [bits/sec/Hz/sector] Comparison for Case 2 [ISD 500m].
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Figure 3: Spectral Efficiency [bits/sec/Hz/sector] Comparison for Case 3 [ISD 1730m].
Figs. 1 – 3 show the performance comparison [in terms of cell average throughput and cell edge throughput] of the above two methods for cases 1 – 3, respectively. For classic PC with target SINR adaptation, the curve is obtained by sweeping the percentage of UEs at maximum transmit power (ρ%):

a. 0.1%, 0.5%, 2%, 5%, 10% for case 1 in Fig. 1,
b. 0.1%, 0.5%, 1%, 2%, 5% for case 2 in Fig 2,
c. 5%, 10%, 30%, 60%, 80% for case 3 in Fig. 3.

 The curve for FPC is obtained by sweeping the reference x-tile pathloss value

a. 121 dB, 125 dB, 129 dB, 134 dB, 139 dB for case 1 in Fig. 1,
b. 111 dB, 115 dB, 119 dB, 124 dB, 129 dB for case 2 in Fig. 2 

c. 125 dB, 134 dB, 139 dB, 145 dB, 150 dB for case 3 in Fig. 3.

Figs. 1 – 3 show that FPC does not offer significant gain over classic PC with target SINR adaptation in terms of cell average throughput in interference-limited systems. On the other hand, target SINR adaptation achieves a gain of more than 40% over FPC for cell edge throughput. Figure 3 shows that in noise-limited systems, FPC and target SINR adaptation achieve similar performance both for cell average and cell edge throughput. 
4. Comparison of Signalling Overhead

For standardisation, another important difference is the signalling required for support of each method.

· FPC requires that all UEs report periodically their path-loss measurement, which is expected to be a x-bit soft value (x>1).
· Classic open-loop power control with TSINR adaptation requires that only those UEs reaching their maximum Tx power report that fact through a 1-bit reporting.

Thus, the classic open – loop power control with adaptive target SINR can be supported with less signalling overhead.
5. Conclusion and Recommendations

Baseline open – loop power control, with adaptive selection of target SINR, outperforms the FPC in terms of cell – edge throughput, while simultaneously requiring less uplink signalling overhead. Thus, classic open – loop power control is recommended for the baseline intra – cell power control. To support adaptation of target SINR, UEs should report when/if they reach maximum power limits of the device. Furthermore, the average cell-throughput can be substantially enhanced through Inter-cell power control, as in [4], which is an additional open-loop mechanism with low overhead. 
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7. Appendix: System Simulation Assumptions

Table 1: System Simulation Assumptions
	Parameter
	Assumption

	Cellular Layout
	Hexagonal Grid; 19 NodeBs
Three Cells Per NodeB

	User Drop
	Uniformly Inside the Cell

	Minimum Distance Between UE and Tower
	35 m

	NodeB Antenna Bore Site 
	Towards Flat Side of the Cell

	Inter – Site Distance
	500 m or 1732 m

	Shadowing Standard Deviation
	8 dB

	Path Loss
	128.1 + 37.6log10(R) where R is in kilometers  

	Shadowing Standard Deviation
	8 dB

	Shadowing Correlation
	Between Cells 
	1.0

	
	Between NodeBs
	0.5

	Penetration Loss
	20 dB

	Antenna Pattern
	A = - min {12 (θ / θ3dB)2, 20dB}.

θ3dB = 70 degrees

	System Bandwidth
	2.5 MHz @ 2 GHz

	Numerology
	RB size
	24 Sub – Carriers 

	
	Number of RBs
	6

	Channel Model
	SCM – C 

	UE Velocity
	3kmh or 30kmh

	UE Power Class
	24dBm 

	Number of UE Antennas
	1

	Number of NodeB Antennas
	2

	Receiver Equalizer
	MMSE

	Channel Estimation Penalty
	1dB

	UE Antenna Gain
	0dBi

	NodeB Antenna Gain
	14dBi

	Number of UEs per NodeB/Cell
	18/6

	HARQ Type
	Chase Combining

	Maximum Number of Retransmissions
	5

	HARQ Retransmission Delay
	5 TTI

	Traffic Model
	Full Buffer

	Scheduler 
	Proportional Fair

	Scheduling Delay 
	1 TTI

	Uplink Power Control
	Slow with 40 TTI Period

	MCS Set
	QPSK: {1/5, 1/4, 1/3, 1/2, 5/8} 

	
	16QAM: {1/3, 1/2, 5/8, 3/4}
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