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1   Introduction
At the Orlando (RAN1#49bis) meeting, beamforming (BF) was discussed, but no decision was made. It is understood from the BF proponents [1]-[3] that when there are more than 4 transmit antennas using adaptive BF could increase coverage for cell edge users. However, the introduction of BF would increase system complexity for both the NodeB and the UE [4], and yet its benefit could be limited by such unsolved issues like common channel coverage, or CQI estimation. 
To better understand the performance of BF system, we have conducted a study through link level simulation. To be more specific, we compared a direction of arrival (DOA) based adaptive BF system with a combined fixed beam and MIMO system. In these two systems, the total transmit antenna numbers are assumed to be the same, the main difference is that the adaptive BF system employs a linear antenna array while the combined fixed beam and MIMO system uses two polarized antenna groups. Simulation results show that: 
· For urban deployment, the combined fixed beam and MIMO system provides better performance than adaptive BF system. 

· For rural deployment, 

· In middle and high SNR scenarios combined fixed beam and MIMO system provides better performance than adaptive BF system.
· In low SNR, depending on the underlying scenario, adaptive BF system shows better or worse performance than  scenarios combined fixed beam and MIMO system.

     In the adaptive BF simulation, we have made an optimistic assumption about the accuracy of measurement of Direction of Arrival (DOA). Note that adaptive beamforming is very sensitive to the error in DOA estimation.

    In this contribution we present the simulation results.

2   System Description
In the simulation, the LTE downlink wireless communication system consists of eight transmit antennas at NobeB. The UE has two uncorrelated receive antennas.  Two systems are compared in this contribution: the first one is an adaptive beamforming (BF) system and the second is a combined fixed beam and MIMO system:
System A: Adaptive Beamforming system based on Direction of Arrival (DOA):
In this scheme, as shown in Figure 1, eight transmit antennas is arranged in a row spaced with uniform 
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separation. The absolute values of the correlation coefficients among antennas are given in Table 1.
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Figure 1: Beam pattern of adaptive BF
	
	Element Spacing

	Half-power beamwidth of Laplacian
	Angle from broadside of Laplacian peak
	0.5
	1.0
	1.5
	2.0
	2.5
	3.0
	3.5
	4.0

	5(
Rural

Area
	0(
	0.964
	0.87
	0.748
	0.625
	0.516
	0.425
	0.352
	0.293

	
	15(
	0.9685
	0.8850
	0.7735
	0.6580
	0.5520
	0.4610
	0.3860
	0.3245

	
	30(
	0.973
	0.9
	0.799
	0.691
	0.588
	0.497
	0.42
	0.356

	15(
Urban

Area
	0(
	0.759
	0.421
	0.245
	0.154
	0.105
	0.075
	0.056
	0.044

	
	15(
	0.7855
	0.4640
	0.2700
	0.1725
	0.1220
	0.0865
	0.0625
	0.0510

	
	30(
	0.812
	0.507
	0.295
	0.191
	0.139
	0.098
	0.069
	0.058


Table 1 – Table of correlations for different parameter settings

Two UEs are assumed in the system with the direction of departure (DoD) for the 
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-th UE of 
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, and its estimated value is denoted by 
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. To implement adaptive beamforming, we use the following matrix as the precoding matrix:
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To be more specific, the data for the first UE is modulated by the first column of matrix 
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, and the data for the second UE is modulated by the second column of the matrix 
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In the simulations, two cases are assumed for the directions of arrival (or the location of the UEs) of the UEs: 

(i) 
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In addition, two cases are considered in estimating the DOA: 

(i)  
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 is estimated without error i.e 
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(ii) 
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 is estimated with a uniform error between -7.5o and 7.5o i.e 
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This is equivalent to the error introduced to the system if we apply the FFT codebook-based beamforming scheme presented in [2].

Note that this is an optimistic assumption for the error. 
System B: Fixed Beam Combined with Closed-Loop MIMO System 
In this scheme, as shown in Figure 2, there are two antenna groups. Within each group, there exist four linear antennas with 
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 separation. The antennas between groups are cross polarized to each other.  

[image: image18.emf] 

λ /2  


Figure 2: Transmit antenna configuration for combined fixed beam and MIMO.
It is therefore quite obvious that the correlations among antennas within each group are very strong, while correlations among antennas between different groups are very weak. The absolute values of the correlation coefficients among antennas within each antenna group are computed from Table 2. The correlations between antennas from different groups are approximated by a scaling factor of 0.1 on top of the correlations between corresponding antennas within an antenna group. 
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	Half-power beamwidth of Laplacian
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Table 2   Table of correlations for different parameter settings
The four antennas in the first group are used to generate two fixed beams at the directions of 30 and -30 degrees. Similarly, the four antennas in the second group are used to generate two fixed beams at the directions of 30 and -30 degrees. Therefore, beams are generated by a  
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 beamforming matrix  
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.
With this combined fixed beam and MIMO scheme, the following beam patterns can be formed in the space as shown in Figure 3 .
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Figure 3: Beam pattern of combined fixed beam and MIMO
With this scheme we can support two users at the same time, (i) one user with two beams directed at 30 degrees and (ii) one user with the beams directed at -30 degrees.

If the channel matrix between the NodeB and the 
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-th UE is 
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and the last two columns of the matrix 
[image: image26.wmf]FBF

D

H

2

 are denoted by 
[image: image27.wmf]2

H

,  for the 
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 5-RB block, the precoding matrix is selected such that the following metric is minimized [5]:
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where 
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is the channel matrix 
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sub-carrier.  
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 is the rank-1 codeword from the following precoding codebook 
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3 Simulation Parameters

The following parameters are used to simulate the performance of these schemes.

	Parameters
	Value

	Channel bandwidth 
	10 MHz

	Number of total sub-carriers 
	601 (including DC)

	Sub-frame size 
	2 slot  = 1 msec = 14 OFDM symbols

	FFT size 
	= 1024

	Sampling frequency 
	15.36 MHz

	Carrier frequency
	 2.0 GHz

	Channel model: 
	Uncorrelated TU channel, 3 km/h

	
	

	Cyclic Prefix
	: 72 samples

	Data Channel assignment:
	All subcarries in 10 adjacent RBs ( 1 RB includes 12 adjacent sub-carriers at 14 OFDM symbols excluding the RS)

	Frequency granularity
	5 RB

	Channel Coding
	Turbo code Rate 1/3 and 4/5

	Modulation
	QPSK and 16-QAM

	Number of antennas and 2 at UE
	8 at NodeB

	Channel Estimation
	Ideal Channel

	Criteria for Choosing the precdoing matrices 
	[3]

	Feedback Delay 
	3ms

	Direction of arrival (DOA) 
	15 and 30 degrees

	Half Power Beamwidth of Laplacian
	5 degrees (Rural), and 15 degrees (Urban)

	Error in Estimation of DOA
	 0, uniform in [-7.5, 7.5]


4 Numerical Results
Figures 4 to 11 show the performance of an adaptive beamforming scheme compared with a combined fixed beam and MIMO closed loop scheme, in several different scenarios. We have compared these schemes for both rural and urban areas and for both high code rate (4/5) and low code rate (1/3). In addition, we have considered both large constellations (16QAM) and small constellations (QPSK).
As mentioned earlier, we consider two scenarios for the UE locations (i) one UE at direction of 30 degrees and the other at -30 degrees, (ii) one UE at direction of 15 and the other at direction of -15.

For simplicity, the following colour code has been used:
· The blue curves are for rural area.
· The green curves are for urban area.
· Dashed curves show the performance of the combined fixed beamforming and MIMO

· Solid curves show the performance of the adaptive BF (with circle for DOA estimation without error, and with triangle for DOA estimation without error).

By comparing the results from combined fixed beamforming and MIMO (with quantized feedback) and adaptive beamforming with uniform error between -7.5 and 7.5 in DOA estimation, the following observations can be drawn:
1. For urban deployment, the combined fixed beam and MIMO system provides 2dB to 4dB better performance than adaptive beamforming.

2. For rural deployment,  two different observations
· In all cases, in the medium and high SNR, the combined fixed beam and MIMO system provides better performance than adaptive beamforming.  As shown in the figures, in most cases, the combined fixed beamforming and MIMO are better that adaptive beamforming for BLER of less than 0.1. In fact, the combined fixed beamforming exploits special diversity in the system, expressed in the slope of the curves. 
· For low SNR regimes, 

· When the DOA of the two UEs are 30 degree and -30 degrees, the combined fixed beam and MIMO system performs better than adaptive beamforming. 
· When the DOA of the two UEs are 15 degrees and -15 degrees, the adaptive beamforming could perform better than the combined fixed beam and MIMO system performs. This is because that DOA of UE (15 degree) is different from the angle of fixed beam (30 degree).  This problem can be mitigated if softer handoff is supported by the system where two beams are able to transmit the same content to the same UE. Therefore, by soft combining the signals received from the two beams, the UE can improve its performance.  
Note that in all of the above simulations, we have assumed that the DOA is measured with a uniform error between -7.5 and 7.5, which is optimistic. In practical scenarios, the error in measuring DOA can be larger. On the other hand, the performance of adaptive BF is very sensitive to the accuracy of DOA measurement. If we consider more error in DOA measurement, the performance of adaptive BF is significantly deteriorated.
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Figure 4: Adaptive Beamforming versus MIMO closed-loop concatenated with Fixed Beamforming,  QPSK, TU1 Channel, Delay 3ms, Speed 3km/h, Rate 1/3, 
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Figure 5: Adaptive Beamforming versus MIMO closed-loop concatenated with Fixed Beamforming,  QPSK, TU1 Channel, Delay 3ms, Speed 3km/h, Rate 1/3, 
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Figure 6: Adaptive Beamforming versus MIMO closed-loop concatenated with Fixed Beamforming,  QPSK, TU1 Channel, Delay 3ms, Speed 3km/h, Rate 4/5, 
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Figure 7: Adaptive Beamforming versus MIMO closed-loop concatenated with Fixed Beamforming,  QPSK, TU1 Channel, Delay 3ms, Speed 3km/h, Rate 4/5, 
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Figure 8: Adaptive Beamforming versus MIMO closed-loop concatenated with Fixed Beamforming,  16QAM, TU1 Channel, Delay 3ms, Speed 3km/h, Rate 1/3, 
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Figure 9: Adaptive Beamforming versus MIMO closed-loop concatenated with Fixed Beamforming,  16QAM, TU1 Channel, Delay 3ms, Speed 3km/h, Rate 1/3, 
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Figure 10: Adaptive Beamforming versus MIMO closed-loop concatenated with Fixed Beamforming,  16QAM, TU1 Channel, Delay 3ms, Speed 3km/h, Rate 4/5, 
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Figure 11: Adaptive Beamforming versus MIMO closed-loop concatenated with Fixed Beamforming,  16QAM, TU1 Channel, Delay 3ms, Speed 3km/h, Rate 4/5, 
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5    Conclusion
In this contribution, simulation results comparing an adaptive beamforming scheme and combined fixed beam and MIMO scheme are presented and analyzed. From the simulation, it can be observed that in both urban and rural deployments, the combined fixed beam and MIMO scheme provides overall better performance than the adaptive beamforming. . Simulation results show that: 

· For urban deployments, the combined fixed beam and MIMO system provides better performance than adaptive BF system. 

· For rural deployments, 

· In middle and high SNR scenarios combined fixed beam and MIMO system provides better performance than adaptive BF system.

· In low SNR, depending on the underlying scenario, adaptive BF system shows better or worse performance than combined fixed beam and MIMO system.

While the performance of the adaptive beamforming is very sensitive to the accuracy of DOA measurement, we have considered an optimistic assumption for DOA measurement error. On the other hand, for combined fixed beamforming and MIMO, we considered quantized channel feedback, approved for the standard, 5RB frequency granularity, and 3ms feedback delay.

Overall, the adaptive beamforming does not provide the necessary gain it required to justify the price paid on the increased complexity of the system on both NodeB and UE sides. Rather, the combined fixed beam and MIMO seems to be more promising with improved performance and little or no overhead/complexity needed. Therefore, we feel that it is not appropriate for LTE to adopt the adaptive beamforming scheme along with its supportive elements such as dedicated RS at this stage. It may be more beneficial for such a beamforming scheme to be considered for a future release.  
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