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1 Introduction

For 3GPP Rel-10, in order to fulfill the performance requirement on peak spectral efficiency, multi-antenna UEs are introduced to support multi-layer/codeword uplink SU-MIMO transmission. Therefore the Rel-8 single antenna/layer power control should be extended to support multi-antenna/layer transmission. 
At the RAN1#59 meeting, it was agreed that the scope of uplink power control in LTE-Advanced is similar to that of Rel-8. This contribution mainly discusses the multi-antenna power control considering the impact of path loss (PL) difference between UE antennas. In addition, the performance evaluation of approaches for multi-antenna power control is also presented. 

2 Rel-8 power control formula
In the Rel. 8 LTE uplink, the following fractional PC formula combining the open-loop and closed-loop PC mechanisms is applied to the PUSCH [7]:
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· PCMAX is the configured UE transmitted power.
· 
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(dB) is the downlink path-loss estimate calculated in the UE by RSRP measurement.

· 
[image: image3.wmf]10

TF

10log((21))        1.25

()

0                                       

             0

S

MPRK

PUSCH

offsetS

S

K

i

K

b

×

ì

-=

ï

D=

í

=

ï

î

 is a power offset based on the transmission mode. 

· 
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is the current status of the closed-loop power correction.
3 Multi-antenna power control based on the extension for Rel-8
With the introduction of SU-MIMO, the following PC parameters need to be extended to support multi-antenna transmission:

· PCMAX is the UE total maximum transmission power for multiple antennas. If the maximum transmission power on each transmission antenna port is defined, PCMAX may be extended though its maximum value is actually decided in RAN4 due to regulatory requirements.

· PL: From the viewpoint of multi-antennas, due to the AGI (Antenna Gain Imbalance) and some unexpected factors, the PL difference between UE antennas exists. Therefore separate PL measurement for each transmission antenna port may be needed. This will impact the open-loop power control scheme. In this contribution, three approaches are evaluated [6]:
· Option 1: common path loss based on the linear averaging on multiple antennas 
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· Option 2: common path loss based on the minimum value of multiple antennas 
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· Option 3: Antenna independent path loss based on 
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 is set to zero. Generally it is not a viable option for SU-MIMO power control [4]. 

· 
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: In multi-antenna transmission mode, separate TPC (transmit power control) commands may be used for each antenna which may be sent in uplink grant in PDCCH or TPC-PDCCH with increased overhead. 

4 Performance evaluation
In the simulation, the transmission power per UE is the sum power for all involved antennas and the closed-loop power correction TPC command is not considered. Based on section 3, the power control methods can be summarized as following:

· Method 1: Equal transmission power for each antenna while the sum power is determined by the average PL among antennas. The power control scheme follows with the Rel-8’s scheme by the average path-loss. The sum transmit power is then equally shared for each antenna.
· Method 2: Equal transmission power for each antenna while the sum power is determined by the minimum PL among antennas. The power control scheme follows with the Rel-8’s scheme by minimal path-loss between multi-antenna ports.  The sum transmit power is then equal shared for each antennas.
· Method 3: Un-equal transmission power for each antenna which is determined independently by the PL of each antenna. The per antenna power control scheme is implemented independently based on different antenna path-loss.
In simulation, the path-loss difference between antenna ports is parameterized as 0, 5, 10 dB separately and 2 transmission antennas per UE is assumed. The correlation coefficients 
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of AGI between the two antennas to different cells are modeled as following:  

· Option 1: Totally correlated with correlation coefficient 
[image: image11.wmf]a

=1.0; 

· Option 2: Independent for the AGI to different cells where 
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= 0.0;
In various path-loss difference levels, the average path-loss across the antennas is kept the same. 
For option 1, the path-loss difference (due to the AGI) level between antenna ports to serving cell and to non-serving cells are set to a fixed value of x dB and x may be taken from {0, 5, 10}.
For option 2, the path-loss difference level between antenna ports to serving cell is set to be x dB where x can be {0, 5, 10}, while the path-loss difference level to non-serve cells are randomly generated in set {0, x, -x}.
In system level simulation results, the cell throughput, cell edge throughput (5% CDF value) and IoT (interference over thermal) are given. In addition, UE transmission power distributions of different methods are also given to evaluate the power consumption tradeoffs between the three methods.
Table 1 3GPP case 1 Performances of different PC methods with correlation coefficient 
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	Method type
	Method 1
	Method 2
	Method 3

	PL difference between antennas[dB]
	0
	5
	10
	0
	5
	10
	0
	5
	10

	Cell throughput
[Mbps]
	22.52
	21.8
	20.71
	22.52
	20.96
	19.57
	22.52
	22.41
	21.25

	Cell-edge user throughput [Mbps]
	0.778
	0.769
	0.74
	0.778
	0.773
	0.734
	0.778
	0.735
	0.643

	IoT mean
[dB]
	6.51
	6.56
	6.55
	6.51
	5.82
	5.51
	6.51
	6.37
	6.03

	Rank 2 ratio (%)
	52
	48
	36
	52
	46
	33
	52
	51
	46
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Figure 1  User throughput CDF for path-loss level = 10 dB and correlation coefficient 
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Table 1 shows the system simulation results for three different PC methods mentioned above based on the correlation coefficient
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. The results indicate that the cell average throughput is increased by applying Method 3. In Figure 3, the cumulative distribution function (CDF) of the user throughput based on the path-loss difference level = 10 dB is plotted. From the results, we can find Method 3 can increase the cell average throughput by approximately 2.6% compared to Method 1. This is because the PL difference between antennas is compensated by antenna-independent power control scheme and the Rank 2 ratio is increased. However, the cell-edge performance degrades by about 13% since per-antenna path loss compensation reduces the received SINR.
Table 2  3GPP case 1 Performance of different PC method based on correlation coefficient 
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	Method type
	Method 1
	Method 2
	Method 3

	PL difference between antennas[dB]
	0
	5
	10
	0
	5
	10
	0
	5
	10

	Cell throughput
 [Mbps]
	22.52
	21.89
	20.81
	22.52
	21.1
	19.65
	22.52
	22.01
	21.12

	Cell-edge user throughput [Mbps]
	0.778
	0.718
	0.705
	0.778
	0.739
	0.735
	0.778
	0.685
	0.556

	IoT mean
[dB]
	6.51
	6.53
	6.56
	6.51
	5.8
	5.5
	6.51
	6.7
	6.8

	Rank 2 ratio (%)
	52
	47
	35
	52
	45
	32
	52
	49
	45
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Figure 2  User throughput CDF for path-loss level = 10 dB and correlation coefficient 
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Table 2 shows the system simulation results for three different PC methods mentioned above based on the correlation coefficient
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.The results indicates that the cell average throughput is increased by applying Method 3. In Figure 2, the cumulative distribution function (CDF) of the user throughput based on the path-loss difference level = 10 dB is plotted. From the results, we can find Method 3 can increase the cell average throughput by approximately 1.5% (and 7.5%) compared to Method 1 (and Method 2). This is because the PL difference between antennas is compensated by antenna-independent power control scheme and the Rank 2 ratio is increased.  However, the gain of Method 3 compared to Method 1 (and Method 2) decreases this is because the path-loss differences to non-serve cells becomes more random. However, the cell edge performance of Method 3 degrades significantly by about 21%.
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Figure 3  User total transmission power CDF for path-loss level = 10 dB and correlation coefficient 
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Figure 4  User total transmission power CDF for path-loss level = 10 dB and correlation coefficient 
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The CDF of the UE total transmission power assuming path-loss difference level of 10 dB and different correlation coefficient 1.0 and 0.0 are showed in Figure 3 and Figure 4, respectively. The figures indicate that the UE transmission power for Method 3 is higher than that for Method 1 and Method 2.  Therefore, per antenna path loss compensation (Method 3) should be carefully considered with the trade-off between performance and power consumption.
5 Conclusions 

This contribution discusses power control impact due to the path loss difference between antennas and gives the corresponding evaluation for sum power control and per antenna power control schemes. The conclusions are as following:

· Per-antenna and sum power control schemes are evaluated and the corresponding extension for Rel-8 power control formula may be needed.

· With comparable IoT and power consumption at the UE, per antenna power control (Method 3) slightly improves the spectral efficiency but degrades the cell-edge performance.
Other considerations of sum and per-antenna power control are discussed in a companion contribution ‎[4] and the overall conclusion is that sum power control with per-codeword power offset is a preferable way for multi-antenna power control.
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Appendix

Table 1 Simulation assumptions for system level simulation
	Parameter
	Assumption

	Simulation scenarios
	3GPP Case1 in TR25.814

	CellularLayout (wrapped around)
	Hexagonal grid, 19 cell sites, 1 sectors per site

	Distance-dependent path loss
	PL[dB] = 128.1 + 37.6*log10(d) d in kilo-meters

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Shadowing standard deviation
	8dB

	Penetration loss
	20dB

	Moving speed
	3km/h

	UE Max transmission power
	23dBm

	subframe-config
	FDD

	Load
	Average 10 UE per sector

	Bandwidth
	10MHz

	Channel model
	SCM

	antenna configuration
	UL: 2x4 Uncorrelated co-polarized antenna
vertical antenna used(3D)

	eNB antenna configuration
	Uncorrelated co-polarized (4-wavelength separation)

	UE antenna configuration
	Vertically polarized (0.5-wavelength separation)

	Traffic model
	Full buffer

	Scheduler
	Proportional Fair

	Subband size
	4PRB

	HARQ
	HARQ-CC with maximum 3 transmission

	Receiver algorithm
	MMSE

	Length of time moving window for PF scheduler
	100

	Channel estimation error
	non-ideal

	Power control
	FPC scheme (alpha, P0 is set based on different scenarios)
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