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1 Introduction

Two main schemes for uplink power control have been proposed: 

(1) Slow open loop methods in which the UE transmit power is controlled to compensate a fraction of the path loss and shadowing (i.e. fractional power control) [1, 2, 3]

(2) Fast closed loop methods in which the UE adjusts its transmit power based on overload indicators periodically broadcast from neighbor cells [4, 5, 6]

In this contribution we provide a performance comparison between the open loop method and the closed loop method to illustrate the gains achievable by choosing closed loop inter-cell power control for the E-UTRA uplink.

2 Open Loop and Closed Loop Power Control Techniques

2.1 Open Loop Fractional Power Control

The idea behind using the open loop fraction power control technique is to set the UE transmit power spectral density to compensate a fraction of the path loss (including shadowing). This can be viewed as setting the target SINR (per antenna, per tone) as a function of the path loss with the following formula:

Target_SINR_dB = A + (B-1)*(PathLoss_dB)


(1)

This will result in a UE setting its transmit power spectral density Ptx_dBm as:

  
Ptx_dBm = min( Max_Ptx_dBm,  A + B*(PathLoss_dB) + Interference_dBm)

(2)

Where Max_Ptx_dBm is the maximum UE transmit power spectral density (power per tone), which is a function of the UE power class and the assigned transmission bandwidth (for example, the 21 dBm UE power class assigned a single resource unit of 12 subcarriers will have a maximum transmit power per tone of 10.21 dBm). 

Note that if B = 0, there is no compensation for the path loss and all UEs transmit with the same transmit power spectral density (possible maximum power) which results in high interference levels and poor cell edge performance. If B=1, then we have traditional slow power control in which we fully compensate for the path loss and all UEs are received with the same SINR, resulting in poor spectral efficiency. By setting 0 < B < 1, we compensate only a fraction of the path loss, which provides flexibility in balancing spectral efficiency and cell edge performance.

2.2 Closed Loop Inter-cell Power Control

Figure 1 illustrates the concept of closed loop inter-cell power control over the air interface. In this scheme each cell broadcasts an Interference over Thermal (IoT) overload indicator bit on a specific downlink channel. The IoT is the ratio of the measured interference power from all UEs in other cells to the thermal noise power in the cell of interest. 

The IoT overload indicator channel indicates that the measured IoT at a particular cell is above a network configured threshold (which would be determined from a link budget for example). Note that a filtered IoT measurement over the entire bandwidth is required for this approach, and this filtered measurement would be compared to a target IoT value. 

UEs would decode the IoT overload indicator from one or more neighboring cells. To simplify implementation only the load indicator from the strongest neighbor cell would be decoded, where the strongest neighbor cell can be identified based on downlink pilot power measurements. The idea in controlling inter-cell interference would be that UEs would reduce their maximum transmit power spectral density (Max_Tx_PSD), defined here to be the transmit power per subcarrier, as a function of how close the UE is to an overloaded cell; a measure of how close the UE is could be based on a downlink pilot power ratio measurement between the current serving cell and the strongest neighbor cell (a similar measurement is anyway needed for handoff). The reduction in UE Max_Tx_PSD can happen in two different ways; in this contribution we consider autonomous power spectral density reduction by the UE (more details of this approach are provided in [4]).
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Figure 1: Inter-cell interference control through  the use of IoT indicators broadcast over the air interface 

3 Performance Comparison

Using the system simulation assumptions listed in Annex A, the open loop and closed loop power control schemes are compared. The details of the closed loop inter-cell power control algorithm are given in [4], in which the autonomous power reduction by the UE is used, the overload indicator is broadcast every 10ms, and the nominal power spectral density step down value was chosen to be 3 dB. The resulting median IoT operating point is 6.86 dB. 

For the open loop fractional power control, we chose a range of values for B in equation (2), and then carefully chose the value A in order to match the median IoT operating point of the closed loop inter-cell power control simulation. Note that it is very difficult to fine-tune the open loop fractional power control parameters to achieve the desired IoT operating point, which is one of the main drawbacks we see with this approach.

Table 1 illustrates key system performance metrics for closed loop inter-cell power control compared to open loop fractional power control. It is seen that the variance of the IoT distribution is significantly reduced using closed-loop inter-cell power control, and as a result both average cell throughput as well as the user edge rates is significantly improved compared to the open loop fractional power control. Figure 1 illustrates the IoT CDFs with closed loop and open loop power control methods. We can draw the following conclusions.

· The highest achievable cell throughput for open loop fractional power control (occurs at B=0.6) is 17% lower than that achievable with closed loop inter-cell power control; in addition the user cell edge rate is 30% less for open loop fractional power control at this operating point

· For the same cell edge rate (57kbps), open loop power fractional power control suffers a 27% reduction in cell throughput compared to closed loop inter-cell power control

· In order for the open loop fractional power control to achieve an IoT variance similar to closed loop power control, a very large value of B is needed (B=0.9), which is virtually the conventional slow power control in which all UEs have the same received SINR, resulting in low spectral efficiency (27% reduction in cell throughput compared to closed loop inter-cell power control). 
   Conventional Slow PC

                                         Equal Power Transmission
[image: image4.emf]IoT Overload

Indicator Bit

broadcast over

the air

Cell 0

Cell 1

Cell 2

Cell 3

Cell 4

Mobile 0

Cell 5

Cell 6



Table 1: System performance for closed loop inter-cell power control vs. open loop fractional power control
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Figure 2: IoT CDF for closed loop inter-cell power control vs. open loop fractional power control with different parameter settings. Observe that closed loop power results in a significantly reduced IoT variance compared to open loop power control.

4 Conclusions

· Closed loop uplink inter-cell power control provides improved system performance compared to open loop techniques
· Closed loop uplink inter-cell power control provides tight control of the interference level, which will be beneficial to uplink control channel performance
· Closed loop uplink inter-cell power control naturally leads to the desired system IoT operating point, avoiding the difficult parameter tuning necessary to achieve the desired IoT operating point with open loop power control; this is particularly beneficial in non-homogeneous deployment scenarios
· Closed loop uplink inter-cell power control should be chosen for the E-UTRA uplink, in which
· Overload indicator bits are broadcast over the air interface
· UE decodes overload indicators from at least the strongest neighbour cell and makes an adjustment to its transmit power spectral density
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Annex A: System Simulation Assumptions

	Parameter
	Assumption

	Transmission Bandwidth
	5 MHz FDD

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	1732 meters

	Penetration Loss
	10 dB

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m 

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	10 dB

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 20 dB 

	Carrier Frequency / Bandwidth
	2 GHz / 5 MHz

	Channel model
	ITU Vehicular-A, 3 km/hr

	Total BS TX power (Ptotal)
	43dBm

	UE power class
	21dBm (125mW).

	Inter-cell Interference Modelling
	Explicit modelling (all cells occupied by UEs)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell


	


	Minimum distance between UE and cell
	>= 35 meters

	MCS Levels in Scheduler
	QPSK R=1/8, ¼, 1/3, ½, 2/3, ¾

16 QAM R=1/2, 2/3, ¾, 7/8

	HARQ
	Max of 8 Tx, Target 1% BLER after 4 Tx

HARQ RTT = 5ms

Num HARQ Processes = 10

	Reuse scheme
	Reuse-1, no fractional frequency reuse or interference avoidance applied

	Num UEs Per Cell
	10

	Traffic Model
	Full Buffer

	Scheduling scheme
	Proportional Fair, 500ms time constant. Scheduling is frequency selective based on uplink CQI pilot, only localized subcarrier allocations are used without any frequency hopping.

	Modeling of Channel Estimation
	Non-ideal, assumes one-shot channel estimation

	L1/L2 Control Signaling Modeled
	No

	Link to System Mapping
	Effective Code Rate Method

	Inter-cell power control algorithm assumptions
	(1) UL scheduler has ideal knowledge of UEs max Tx PSD 

(2) UE ideally able to decode IoT overload indicator bit from strongest neighbor cell

(3) UE does not reduce Tx PSD when supportable transport block size is less than 200 bits



	Open loop fractional power control assumptions
	(1) Scheduler has ideal knowledge of UE path loss (including shadowing)

(2) UE does not reduce Tx PSD when supportable transport block size is less than 200 bits
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