3GPP TSG RAN WG1 Meeting #46
R1-062018
Tallinn, Estonia, August 28 – September 1, 2006

Source: 
Texas Instruments 
Title:
A Method for Uplink Open Loop Power Control Based on Signal Strength Measurements from Multiple Cells/Sectors
Agenda Item:

8.7.2
Document for:
Discussion and Decision
1. Introduction

A number of different methods are being studied for enhancing the EUTRA performance towards the higher – end spectral efficiency targets. In this contribution we propose a simple method for open – loop power control which improves the overall spectral efficiency of wireless cellular systems, while maintaining the near – optimum cell – edge spectral efficiency, and thereby achieves the higher – end EUTRA performance target. In the proposed method, a UE (user equipment) measures signal strength from the serving cell / sector, and from the nearby non – serving cells/sectors. Consequently, if the propagation loss to all non – serving cells/sectors is substantial [the user is a cell/sector – interior user], then this particular user is allowed to transmit with higher power. We evaluate the performance of the proposed method, where we show overall 20% gain in spectral efficiency, which enables the fulfilment of the high–end EUTRA requirements.      

2. Proposed Method

2.1.  Background 

Commonly, the open – loop power control is performed (by the mobile) as 

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

Here: 

1. Tserv is the target SNR [or alternatively, target SINR] in dB scale, and in the serving cell/sector. This target SNR is typically broadcasted by the base – station.

2. Lserv is the long-term fading gain from the UE to the serving cell/sector, in dB scale. This includes “propagation loss,” “antenna gain pattern,” and “shadowing.” Note that this Lserv is commonly a negative dB value. The Lserv is typically derived by the mobile, based on the measurement of the receive signal strength, and other broadcasted (by the base – station) parameters. 

3. Jserv is the AWGN variance [or alternatively, total interference seen by the serving cell/sector] in dBm scale, and in the serving cell/sector.

4. Pmax is commonly referred to as the device maximum transmit power, in dBm scale. However, it is not precluded that a mobile can use Pmax values which are smaller than the maximum device transmission power. 

Note1: if Tserv is target SNR, then Jserv is AWGN variance in the serving cell/sector. 

Note2: if Tserv is target SINR, then Jserv is total interference seen by the serving cell/sector.

2.2.  Proposed Method Description

Power control, as a means of out – of – cell interference avoidance/coordination, should incorporate the interference which is produced at near non – serving cells/sectors. In this document, we propose an open – loop power control method which allows cell/sector interior users to transmit at higher power levels, provided that they do not cause substantial interference in neighbouring cells/sectors. In order to do so, in addition to the above listed four parameters, we incorporate the long-term fading to the strongest non – serving cell/sector, and a pre – determined signal strength level which will be incurred there [at the strongest non – serving sector]. In particular, we propose that the open – loop power control [by a particular UE] be performed as 

P = min {max {Tserv – Lserv + Jserv, XN – LN + YN}, Pmax}.         


(1)
Here:

5. N is the cell/sector index of the “strongest non – serving cell/sector,” which is defined in equation (2).  

6. XN is a pre – determined parameter [in dB scale] which is specific to the strongest non – serving cell/sector. It may be regarded as the target ratio for the out – of – cell signal compared to the AWGN [or alternatively, target ratio for of the out – of – cell signal compared to total interference in the strongest non - serving cell/sector]. This parameter may be broadcasted by each cell, or it may be obtained by the mobiles using other means.  

7. LN is the long-term fading gain from the UE to the strongest non –  serving cell/sector, in dB scale. This includes “propagation loss,” “antenna gain pattern,” and “shadowing.” The LN is typically derived by the mobile, based on the measurement of the receive signal strength, and other broadcasted (by the base – station) parameters.

8. YN is the AWGN variance in the strongest non – serving cell/sector [or alternatively, total interference seen by the strongest non - serving cell/sector] in dBm scale. 

Note3: if XN is target ratio for out – of – cell signal compared to AWGN, then YN is AWGN variance in the strongest non – serving cell/sector. 

Note4: if XN is target ratio for out – of – cell signal compared to total interference seen by the strongest non – serving cell/sector, then YN is total interference seen by the strongest non – serving cell/sector. 

In the proposed method description, each UE monitors the long – term fading from serving and non – serving cells and sectors. In order to define “the strongest non – serving cell/sector,” we make for the following notations:

· Xn is the target ratio of the out – of – cell interference compared to AWGN [or alternatively total interference] in cell/sector n, and in dB scale.

· Ln is the long-term fading gain from the UE to cell/sector n, and in dB scale.
· Yn is the AWGN variance [or alternatively total interference] in cell/sector n, and in dBm scale.

· S is the set of all non – serving cells/sectors, from which a UE can reliably detect the values of Xn, Ln, and Yn.

Note5: if Xn is target ratio for out – of – cell signal compared to AWGN, then Yn is AWGN variance in the n-th (non – serving) cell/sector. 

Note6: if Xn is target ratio for out – of – cell signal compared to total interference seen by the n-th (non – serving) cell/sector, then Yn is total interference seen by the n-th (non – serving) cell/sector. 

The “strongest non – serving sector/cell” is defined as

N = argmin n∈S {Xn – Ln + Yn}





(2)

.

Thus, the mobile transmit power may alternatively be expressed as 

P = min {max {Tserv – Lserv + Jserv, min n∈S {Xn – Ln + Yn}}, Pmax}.     

(3)
Thus, the two above equations (1) and (3), for P, are equivalent. In the proposed method description, each UE monitors the long – term fading from serving and non – serving cells/sectors. Then, each UE computes the transmit power according to equation (1) or (3). UE can obtain values for Tserv, Lserv, Jserv, Xn, Ln, and Yn in a number of different ways. For example, the values for Tserv, Jserv, Xn, and Yn may be broadcasted by cells/sectors, or signalled to each individual UE, or estimated from cell – specific signals. Also, Lserv and Ln may be estimated from the cell specific signals. In case a UE cannot obtain the values of Xn, Ln, and Yn from any non – serving cell/sector, i.e. S is an empty set, a set of default values of X0, L0, Y0 can be used for XN, LN, and YN in equation (1). In this case, we denote Pdefault = X0 - L0 + Y0. The value for Pdefault can be set in the following ways:

· Pdefault can be set to any pre-defined value between 0 and Pmax.

· Pdefault can be set to Pdefault = Tserv – Lserv + Jserv + D, where D may be a constant non-negative value or a function of Lserv.

· Pdefault is signalled from the network.

Note that the values of Pmax can be decided in the following ways:

· Pmax is the same as the maximum device transmission power.

· Pmax can be decided by each UE and Pmax can be smaller than the maximum device transmission power.

· Pmax is signalled from the network.

Further, if there is a minimum transmit power constraint Pmin associated with each user, we can finalize the transmit power of a user by the following equation 

Pfinal = max{P, Pmin}, 

where P is calculated from equation (1) or (3). 

Note that the term “open – loop power control” has been used in this document, because UE determines its power settings, based on a number of parameters/measurements. Nevertheless, it is not precluded that a subset of these parameters may be updated occasionally by the network, in which case the term “closed – loop power control” may be more appropriate.  

2.3.  System Simulation Results

The system simulation setup is shown in Table 1. Additional assumptions used in the simulation are listed below.

· All UEs have the speed.

· Mobility of UEs is not modeled, i.e. UE locations are not changed for different TTIs.

· UE controlling cell and sector is determined based by the strongest downlink signal.

· Scheduling is performed per sector independently.

· Softer combining is not included.

· Handover is not modelled.

· The proposed slow power control method is employed.

	Parameter
	Assumption

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

	Inter-site distance
	500

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

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss  
	20 dB

	Antenna pattern
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	Carrier frequency / Bandwidth
	2G Hz / 2.5M Hz

	Number of subcarriers
	150

	Number of resource blocks
	6

	Number of subcarriers per resource block
	25

	Channel model
	Spatial Channel Model (SCM) scenario C

	UE speeds of interest
	3km/h

	UE power class
	21dBm

	Number of UE antennas
	1

	Number of Node-B antennas
	2

	Receiver equalizer type
	Zero-forcing

	UE antenna gain
	0 dBi

	Node-B antenna gain
	14 dBi

	Number of UEs per cell
	18

	Uplink power control
	Slow power control based on large scale fading

	BLER threshold
	0.1

	HARQ type
	Chase combining

	Maximum number retransmissions
	5

	Number of retransmission delays
	5 TTIs

	Scheduler
	Proportional fairness

	Scheduling delay
	1 TTI

	UE traffic model
	Infinitely backlogged

	Channel estimation error penalty
	1 dB

	Antenna Bore-sight points toward flat side of cell
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters


Table 1: EUTRA Uplink System Simulation Parameters

The modulation and coding schemes (MCS) are shown in Table 2. The highest transmission rate is 16QAM with coding rate 3/4. With system overhead such as cyclic prefix and short pilot blocks counted, the best spectral efficiency is about 2 bits/s/Hz/sector in a 5 MHz transmission bandwidth.
	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	16QAM
	16QAM
	16QAM
	16QAM

	Coding Rate
	1/5
	1/4
	1/3
	1/2
	1/3
	½
	5/8
	3/4


Table 2: Modulation and Coding Schemes
Figure 1 shows the 5% cell edge spectral efficiency vs. overall system spectral efficiency. The cell edge spectral efficiency is calculated as 

Cell edge spectral efficiency = 5% user throughput * average number of users per sector / bandwidth.

In this simulation, each curve has 7 points, corresponding to 7 different target SNR values (5, 7, 10, 12, 15, 18, 20 dB). The blue curve is the classic open – loop power control method in which a common target SNR (Tserv) is enforced to all UEs. This classic open – loop power control method can be treated as a special case of the proposed open – loop power control method, in which XN is negative infinity. The red and black curves are the proposed dual-threshold power control method. For these two curves, XN is 10 and 7 dB below Tserv, respectively. It is observed the overall spectral efficiency is greatly improved with the proposed open – loop power control method compared to the classic open – loop power control method. 
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Figure 1: Cell Edge Spectral Efficiency vs. System Spectral Efficiency for EUTRA Uplink
In addition to the performed system simulation results, Figure 1 also reports system simulation results from [1], Table 10.1.1.3.2-4 for both WCDMA and EUTRA. Since different results are reported in [1], this document assumes an average of all reported results in [1], for comparison (EUTRA higher—end target) purposes.     

	
	System Spectral Efficiency

(bits/s/Hz/sector)
	Cell Edge Spectral Efficiency

(bits/s/Hz/sector)
	System Spectral Efficiency Gain over WCDMA
	Cell Edge Spectral Efficiency Gain over WCDMA

	WCDMA average
	0.2900
	0.0690
	1 x
	1 x

	EUTRA average
	0.6610
	0.1525
	2.28 x
	2.21 x

	Single target SNR
	0.6428
	0.2869
	2.22 x
	4.16 x

	Proposed, XN=Tserv – 10 dB
	0.8086
	0.2874
	2.79 x
	4.17 x

	Proposed, XN=Tserv – 7 dB
	0.8680
	0.2563
	2.99 x
	3.71 x


Table 3: Fulfilment of EUTRA Uplink Target Requirements
Table 3 summarizes characteristic points (cell – edge peaks) from system simulation results in Figure 1. As seen from Table 3, the proposed uplink power control scheme enables fulfillment of high – end EUTRA targets (3xHSUPA) for spectral efficiencies. In addition, the proposed UL power control scheme enables fulfillment of cell—edge targets for UL spectral efficiency.   

3. Conclusion 

Compared to the classic power control, in which a common target SNR (or SINR) is applied to all UEs, the proposed open loop power control method allows cell interior UEs transmit at higher power levels to go beyond the target SNR (or SINR). The increment of a cell interior UE’s transmit power is carefully controlled such that the interference caused by that UE at each neighbouring cell/sector is below a threshold, which is set by each individual cell/sector and communicated to the UE of interest. Simulation results show that the proposed power control method achieves more than 20% in system spectral efficiency than the classic power control method. 
Thus, the proposed uplink power control can be used to achieve the high – end EUTRA uplink target spectral efficiencies (both cell – average and cell – edge). The proposed method can be combined with other advanced strategies, such as the one in [8]. Based on the presented evidence, we suggest that the EUTRA employs the proposed open – loop power control method. 
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