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1   Introduction
At RAN 1 #50 Athens meeting, further discussions are continued on whether dedicated RS should be adopted for FDD FS 1.   A number of contributions [1]-[5] are presented which on one side, addressed the  issues related to introduction of dedicated RS for beamforming operation, while on the other side, highlighted the benefits of introducing dedicated RS for beamforming,  At the end of the meeting, a wayforward [6] was drafted by a number of companies who are proponents of beamforming, trying to answer some the issues/concerns, and it is considered as a good start point for further discussion till the up coming Shanghai meeting.  
Among all the issues raised with respect to introducing dedicated RS for beamform operations, the most outstanding one is the coverage of common channel. As common channel is not entitled to adaptive beamforming operation the same as data channel, its coverage won’t be as good as the data channel. That could jeopardize the performance of whole system. 
In this contribution, some study are conducted through simulation to evaluate different configuration for common channel performance in a beamforming system setup where a closely space antenna array is assumed. Through the simulation results, it is noticed that by utilizing the antenna array to form equivalent two ports of common RS would enhance the performance of common channel. The main reason for such gain is that with two ports of common RS, transmit diversity scheme such as SFBC can be used, which will outperform the system where only one port of common RS is used. 
Therefore, if a beamforming system is adopted, it is recommended that two ports of common RS should be used to benefit the gain from transmit diversity for common channel. 

2   System Description
In the simulation, the LTE downlink wireless communication system consists of eight transmit antennas at NobeB.  In this scheme, 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. The UE has two uncorrelated receive antennas
Table 1 – Table of correlations for different parameter settings
	
	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

	5(
Rural

Area
	0(
	0.9642
	0.8704
	0.7483
	0.6250
	0.5156
	0.4248
	0.3516

	
	20(
	0.9665    
	0.8781    
	0.7613    
	0.6414    
	0.5331    
	0.4419    
	0.3676

	
	40(
	0.9757
	0.9093
	0.8167 
	0.7144 
	0.6150 
	0.5252
	0.4477

	
	55(
	0.9848
	0.9420
	0.8788
	0.8037
	0.7241
	0.6454
	0.5714

	15(
Urban

Area
	0(
	0.7587
	0.4211
	0.2446
	0.1538
	0.1048
	0.0753
	0.0565

	
	20(
	0.7727
	0.4398
	0.2566
	0.1638
	0.1100
	0.0813
	0.0595

	
	40(
	0.8289
	0.5425
	0.3238
	0.2012
	0.1485
	0.1155
	0.0817

	
	55(
	0.8859
	0.6798
	0.4883
	0.3307
	0.2099
	0.1291
	0.0931


The following three systems have been compared in this contribution:

Scheme A: Fixed Beamforming
In this scheme, we use fixed beamforming coefficients to generate a wide beam covering one sector [-60, 60]. The beamforming coefficients are computed based on [7]. For this system, one beam is used and therefore no transmit diversity is exploited. 
.

Scheme B: Fixed Beamforming + Antenna Grouping + SFBC
In this scheme, we consider the first four antennas (i.e antennas 1, 2, 3 and 4) as group 1 and the second four antennas (i.e. antennas 5, 6, 7, and 8) as group 2. 

For antennas 1 to 4, the following coefficients have been used to generate a fixed beam showed in figure 1 by blue color.
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Similarly, for antennas 5 to 8, the following coefficients have been used to generate a fixed beam showed in figure 1 by green color.
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We treat group one as virtual antenna one and group 2 as virtual antenna 2. Then we apply SFBC (Alamouti scheme) on the virtual antennas one and two. We expect to exploit space diversity with this scheme. 

Let us show the equivalent channel from virtual antenna 1 to receive antenna one by
[image: image4.wmf]4
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, and the equivalent channel from virtual antenna 2 to receive antenna one by
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. In figure 1, 
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 is shown by blue color and 
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 is shown by green color. If we apply SFBC on top of the system, the equivalent channel from node B to receive antenna one is equal to


[image: image8.wmf]2

8

5

2

4

1

)

(

)

(

2

1

-

-

+

=

h

h

h

EQ


As shown in Figure 1, 
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 provide a fairly uniform beam over one sector [-60, 60].
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Figure 1: Beam pattern for Fixed Beamforming plus SFBC
Scheme C:  SFBC over First and Last Antennas 
In this scheme, we apply SFBC code over the first and last antennas, while antennas 2 to 7 are off.
With this scheme, we exploit space diversity by using the most uncorrelated antennas (antenna 1 and 8). It should be mentioned that it is assumed the total transmit power is kept the same, therefore, as antennas 2 to 7 are turned off, their power are moved to antennas 1 and 8. In reality, that requires large power amplifier (PA) for antennas 1 and 8.  
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Figure 2: Beam pattern for SFBC over the first and the last antennas
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)

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

	Modulation
	QPSK and 16-QAM

	Number of antennas
	8 Tx at NodeB, and 2 Rx at UE 

	Channel Estimation
	Ideal Channel

	Direction of arrival (DOA) 
	0, 20,40, and 55 degrees

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


4 Numerical Results
In this part, we compare the three presented schemes. We have simulated the schemes for both urban and rural areas for degrees of arrival (DOA) of 0, 20, 40, and 55 degrees. Note that because of the symmetry in the schemes, we have the same results for -20, -40, and -55 degrees.  We consider both low rate and high rate modulation and coding scenarios.

From the simulation results shown in figures 2 to 16, and summarized in table 2, we conclude that, schemes B and C perform better than scheme A. The main reason is that in both schemes B and C, space transmit diversity is exploited. In addition, scheme C performs similar or better than scheme B in general. This is because the beam pattern of scheme C is more uniform than scheme B and therefore its coverage gain for common channel will not be affected by the DOA of the UE. However, scheme C needs larger power amplifiers for antennas 1 and 8.
Table 2 – SNR Gain in dB of Scheme B and C with respect to scheme A at BLER 1E-2 (dB)
	Degree

Of

Arrival
	MCS
	Urban Environment
	Rural Environment

	
	
	Scheme B
	Scheme C
	Scheme B
	Scheme C

	0
	QPSK 1/3
	1.6
	2.2
	2.2
	4.0

	
	QPSK 4/5
	3.0
	3.3
	3.0
	4.5

	
	16QAM 1/3
	1.5
	2
	2.2
	3.8

	
	16QAM 4/5
	2.2
	3.0
	3.0
	4.0

	20
	QPSK 1/3
	0.8
	1.0
	0.5
	0.5

	
	QPSK 4/5
	1.8
	2.3
	1.0
	1.2

	
	16QAM 1/3
	0.8
	1.2
	0.5
	0.5

	
	16QAM 4/5
	1.6
	1.8
	1.2
	1.2

	40
	QPSK 1/3
	1.8
	2.0
	3.0
	3.2

	
	QPSK 4/5
	2.8
	3.0
	3.2
	3.2

	
	16QAM 1/3
	2.0
	2.2
	3.0
	2.8

	
	16QAM 4/5
	2.6
	2.8
	3.8
	3.6

	55
	QPSK 1/3
	1.5
	2.2
	0.0
	0.8

	
	QPSK 4/5
	2.2
	2.6
	0.8
	1.8

	
	16QAM 1/3
	1.8
	2.2
	0.8
	2.0

	
	16QAM 4/5
	2.6
	3.4
	0.6
	1.4


[image: image12.emf]-8 -6 -4 -2 0 2 4 6

10

-3

10

-2

10

-1

10

0

SNR

BLER

DOA=0 QPSK, Rate 1/3 , TU-1 Channel, Speed 3KM/h

 

 

Fixed Beamforming, Rural

Fixed Beamforming+SFBC, Rural

Antennas 1 and 8 Active/SFBC, Rural

Fixed Beamforming, Urban

Fixed Beamforming+SFBC, Urban

Antennas 1 and 8 Active/SFBC, Urban


Figure 2: QPSK, Rate 1/3, DOA 0 Degrees, TU1 Channel, Speed 3km/h, 
[image: image13.emf]-8 -6 -4 -2 0 2 4 6

10

-3

10

-2

10

-1

10

0

SNR

BLER

DOA=20 QPSK, Rate 1/3 , TU-1 Channel, Speed 3KM/h

 

 

Fixed Beamforming, Rural

Fixed Beamforming+SFBC, Rural

Antennas 1 and 8 Active/SFBC, Rural

Fixed Beamforming, Urban

Fixed Beamforming+SFBC, Urban

Antennas 1 and 8 Active/SFBC, Urban


Figure 3: QPSK, Rate 1/3, DOA 20 Degrees, TU1 Channel, Speed 3km/h, 
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Figure 4: QPSK, Rate 1/3, DOA 40 Degrees, TU1 Channel, Speed 3km/h, 
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Figure 5: QPSK, Rate 1/3, DOA 55 Degrees, TU1 Channel, Speed 3km/h, 
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 Figure 6: QPSK, Rate 4/5, DOA 0 Degrees, TU1 Channel, Speed 3km/h, 
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Figure 7: QPSK, Rate 4/5, DOA 20 Degrees, TU1 Channel, Speed 3km/h, 
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Figure 8: QPSK, Rate 4/5, DOA 40 Degrees, TU1 Channel, Speed 3km/h, 
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Figure 9: QPSK, Rate 4/5, DOA 55 Degrees, TU1 Channel, Speed 3km/h, 
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Figure 10: 16QAM, Rate 1/3, DOA 0 Degrees, TU1 Channel, Speed 3km/h, 
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Figure 11: 16QAM, Rate 1/3, DOA 20 Degrees, TU1 Channel, Speed 3km/h, 
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Figure 12: 16QAM, Rate 1/3, DOA 40 Degrees, TU1 Channel, Speed 3km/h, 
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Figure 13: 16QAM, Rate 1/3, DOA 55 Degrees, TU1 Channel, Speed 3km/h, 
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Figure 14: 16QAM, Rate 4/5, DOA 0 Degrees, TU1 Channel, Speed 3km/h, 
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Figure 15: 16QAM, Rate 4/5, DOA 20 Degrees, TU1 Channel, Speed 3km/h, 
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Figure 16: 16QAM, Rate 4/5, DOA 40 Degrees, TU1 Channel, Speed 3km/h, 
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Figure 17: 16QAM, Rate 4/5, DOA 40 Degrees, TU1 Channel, Speed 3km/h, 
5    Conclusion
In this contribution, some studies are conducted to see the performance of common channel in a beamforming system setup.  From the simulation, it can be noticed that for a beamforming system, there are some ways to form the transmission of two ports of common RS, either through antenna grouping or using only the first and the last antennas with larger power amplifiers. The benefit of forming two ports of common RS for common channel is that it allows the use of transmit diversity such as SFBC to increase the coverage of common channel, and it is proved through the simulation that the performance of using SFBC is superior  than a SIMO transmission when only one port of common RS is used.  Based on this, it is believed that using two ports of common RS will benefit the performance of the common channel in a beamforming system.
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