
7

3GPP TSG RAN WG4 Meeting AH2
R4-101310
Dublin, Ireland, April 12th – 16th, 2010
Source:
QUALCOMM Europe

Title:
Discussion on antenna imbalance for LTE-A
Agenda item:
3.2
Document for:
Discussion
1. Introduction

In [1], an LS was sent from RAN1 to inquire performance issues for UL power control in LTE-A. One of the questions was as following:
RAN1 is also discussing if antenna specific uplink power control is needed. RAN1 would like to request RAN4 to provide typical/expected values for antenna gain imbalance.

In [2,3], draft LS responses were provided with a summary of measured antenna imbalance. In [3], extreme imbalance of more than 10 dB was found in some measured devices. It was requested by some companies that more time is allowed for RAN4 to conduct more antenna measurements before a response is to RAN1 on antenna imbalance. In this document, we provide more detailed antenna imbalance measurement data. This document include measurements performed in [5] with additional frequency imbalance information.
2. Antenna Imbalance 

The antenna pattern in the far field is characterized by its 3-dimensional complex response consisting of the vertical (V-pol) and horizontal (H-pol) polarization components. The radiation pattern is captured by 
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 is the V-pol,
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is the H-pol,
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 is the antenna index,
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 is the azimuth angle,
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 is the angle of elevation (inclination), and 
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Figure 1 illustrates the basis under which the antenna pattern measurements were made.
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Figure 1: Measurement basis for the capture of the 3-D complex response of the antenna
The 3-D radiation pattern is obtained by measurements in the far field for different antenna types. The objective is to find the far field antenna gain at an azimuthal angle of departure 
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which is in turn obtained based on the location of the UE with respect to the NodeB. Given a particular Angle of Departure (AoD), the energy at AoD 
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is given by


[image: image11.wmf]{

}

ò

ò

=

=

×

×

×

+

=

p

f

p

q

f

f

f

q

q

f

q

q

f

q

f

q

f

q

f

q

f

q

f

r

2

0

0

*

ˆ

*

ˆ

ˆ

0

)

sin(

)

,

(

)

,

(

)

,

(

)

,

(

)

,

(

)

(

0

d

d

p

E

E

E

E

i

i

i

i

ii

&

&


where 


[image: image12.wmf])

,

(

0

f

q

f

p

is the pdf to model the 3-D angle of spread 
The two-dimensional radiation pattern is obtained by slicing the 3-D pattern at different elevations. This can be done by de-coupling 
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and 
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and considering the distribution of the angle of spread to be
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, chosen so that the radiation pattern can be computed for a slice at elevation
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is the Laplace distribution with Standard Deviation (SD) =
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Figure 2 shows the pdf of the Laplace distribution that was used to compute the antenna imbalances.
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Figure 2: PDF of the zero mean Laplace distribution with SD 
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Once the antenna pattern is obtained from measurements, the antenna energy 
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is computed for antennas 
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 and the imbalance is computed by the difference of the two values in the dB domain. The statistics of the antenna imbalance are then obtained by computing the imbalance at different angles of departure. The imbalance is computed for the following cases:
· Methodology
· Far field Line of Sight (LOS) antenna pattern
· In this case the variance of the Laplace distribution reduces to zero and corresponds to the case where the UE has a line of sight to the NodeB

· Far field antenna patterns which contain angle of spread (AoS) modeled with Laplace PDF with SD 
[image: image24.wmf]6

/

p

=

. In this case, the UE does not have a clear line of sight and therefore the signal is received in a richly scattered environment.
· Elevations
· 
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 degrees
· 
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· Antenna  Form Factors
· Laptop
· Handset
· Dongle
Figure 3 shows an example of a laptop configuration with multiple antennas. Antenna pattern measurements are made for each of the antennas shown. Imbalance is computed for two of the four antennas. 
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Figure 3: Test configuration for obtaining measurements for multiple antennas in a Laptop
2.1. Antenna Imbalance Results
Figures 4-8 show the antenna imbalance distribution that are computed as described above. The imbalance computations were made based on measured antenna patterns. The measurements were made in the PCS band.
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Figure 4: Antenna imbalance measurements for the PCS band using Laptop antennas
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Figure 5: Antenna imbalance measurements for the PCS band using Handset antennas
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Figure 6: Antenna imbalance measurements for the PCS band using Handset antennas
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Figure 7: Antenna imbalance measurements for the PCS band using Handset antennas
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Figure 8: Antenna imbalance measurements for the PCS band using Handset antennas
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Figure 9: Antenna imbalance measurements for the PCS band using Dongle antennas

2.2. Observations

It can be seen from Figures 4-9 that the standard deviation of the imbalance distributions ranges from 2dB to 5.2dB. As a result, a value of 3dB is considered to be a reasonable approximation.
3. Frequency Antenna Imbalance 
In the context of carrier aggregation, the frequency imbalance of the same antenna at different frequencies is also of interests. In general, for the same antenna, a higher antenna efficiency could obtained at higher frequency due to a relatively larger aperture. However, the antenna efficiency as a function of carrier frequency is far from monotonic. Many antennas are tuned to a particular set of resonance frequencies such that high efficiency is achieved at those frequencies. At other frequencies the antenna efficiency could have a large variation. 

In Figure 10, some typical commercial antenna gain is plotted as a function of the frequency. Note that the antenna gain in this plot is the average gain of 3D measurements. The average antenna gain variation cross high-low frequencies is observed to be up to 3-4 dB.
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Figure 10 Frequency antenna imbalance
4. Antenna Imbalance 

In this document, the methodology for computing the antenna imbalance was detailed and results were shown for different antenna form factors, LOS and AoS scenarios and angles of elevation. Based on the results obtained, it is proposed that a standard deviation of 3dB be adopted for the statistical modelling of the antenna imbalance distribution. 
Furthermore, the frequency dependency of antenna gain was also investigated. The antenna gain difference at two desired frequency bands could be up to 3-4 dB. In the case of a large number of band combinations, even larger gain variation could be expected.

Additional antenna gain imbalance data compiled for tens of devices based on multiple company measurements could be found in [4]. 

Based on the studies shown in this contribution and other available measurement data, we propose to send an LS response to RAN1 on antenna gain imbalance by RAN4 #55.
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