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1. Introduction
The MIMO enhancement is one of the most important technologies to enhance the system performance of E-UTRAN in LTE-A. With the increase of MIMO order the physical size of the antenna system will become large. Dual-polarized antenna is one of the ways to support larger number of antenna with acceptable size. So, it is predicted that the dual-polarized antenna array will be a main typical simulation configuration in the study of MIMO enhancement.
In TR25.996 and TR36.814, the description of the polarized antenna array model is not defined. For simulation of dual-polarized antenna system, companies refer to different reference papers which will cause different understanding and thus inconsistency in the simulation results. Furthermore, the antenna configuration parameters on the polarized antenna are not clear in each scenario in TR 25.996, and the suggested XPD value is also different from that in TR36.814. 
The purpose of this proposal is to:

i) Give further description and the detailed equation for the channel model of the polarized antenna both in TR25.996 and 36.814, and also to introduce the polarization power loss in the simulation.

ii）Give a typical antenna unit gain pattern for the 0.5 wavelength spacing beamforming antenna.

iii) Give some typical antenna configurations and parameters corresponding to the scenarios in TR25.996 and TR36.814.
2. Discussion
cross-polarization complex response
In TR25.996-800, the polarization model can be illustrated by a matrix describing the propagation of and mixing between horizontal and vertical amplitude of each sub-path. The resulting channel realization is:
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where:
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is the BS antenna complex response for the V-pol component.
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is the BS antenna complex response for the H-pol component.
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is the MS antenna complex response for the V-pol component.
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is the MS antenna complex response for the H-pol component.
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is the antenna gain
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is the random variable representing the power ratio of waves of the nth path leaving the BS in the vertical direction and arriving at the MS in the horizontal direction (v-h)  to those leaving in the vertical direction and arriving in the vertical direction (v-v). 
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is the random variable representing the power ratio of waves of the nth path leaving the BS in the horizontal direction and arriving at the MS in the vertical direction (h-v)  to those leaving in the vertical direction and arriving in the vertical direction (v-v). The variables 
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phase offset of the mth subpath of the nth path between the x component (either the horizontal h or vertical v) of the BS element and the y component (either the horizontal h or vertical v) of the MS element.
Default antenna characteristics including the description on how to set the values for parameters 
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 are not given.

In TR 36.814, provided in RAN1#55bis, the SCM channel model is referred to the IMT.EVAL in the Annex B, the formula is as following:
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Default antenna characteristics are not given, thus it is not defined how to obtain values Frx,u,V , Frx,u,H , Ftx,s,V , Ftx,s,H neither in TR36.814 nor in IMT.EVAL.
In Fig. 1, the transmitted signal in each antenna is divided into the v-component and h-component. At the receiving antenna, the signals include the v-component and h-component, and the cross-talk between each component. The projections of the 4 components on receiving antenna add up linearly, that can be given as (according to TR 25.996): 
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Fig. 1, Dual-polarized Antenna model
In the following we define geometric description of default antenna field patterns assuming slanted linear polarized antennas. So, the 
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 are the functions of AoA, AoD, the BS antenna slant angle with respect to the z-axis, the MS antenna slant angle with respect to the z-axis as following:

[image: image23.wmf])

,

(

,

,

)

(

AoD

m

n

v

BS

q

a

c


is the BS antenna complex response for the V-pol component, where 
[image: image24.wmf]a

is the BS antenna slant angle with respect to the z-axis.
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is the BS antenna complex response for the H-pol component, where 
[image: image26.wmf]a

is the BS antenna slant angle with respect to the z-axis..
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is the MS antenna complex response for the V-pol component, where
[image: image28.wmf]b

is the MS antenna slant angle with respect to the z-axis.


[image: image29.wmf])

,

(

,

,

)

(

AoA

m

n

h

MS

q

b

c


is the MS antenna complex response for the H-pol component, where
[image: image30.wmf]b

is the MS antenna slant angle with respect to the z-axis.
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is the BS or MS antenna gain of each array element (referring to the step 12 in [3]).
So, the BS antenna complex response is:
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the MS antenna complex response is: 
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And the total channel response equation is:
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For example, when the BS antenna is 45°from the z-axis, and the MS antenna is 0°from the z-axis, and the AoD and AoA is 0°, the BS and the MS antenna complex responses are
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Accordingly, the formula in TR36.814 can be given by the following equations.

The BS array complex response is:
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The MS array complex response is: 
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Suggestions on the typical antenna configurations and parameters

The main parameters which lead to different correlation factors of the signal responses on the two cross polarized antenna elements include:

1) The configuration of the BS antenna and the slant angle of polarization.
2) The configuration of the MS antenna and the slant angle of polarization.

3) The value of XPD (XPR in TR 36.814).
4) The antenna unit gain pattern, especially for the 0.5 wavelength spacing beamforming antenna.

The following sections will discuss those 4 parameters and give some suggestions.
2.2.1 The configuration of the BS antenna and the slant angle of polarization 

The BS antenna array is typically configured as each two ±45°cross-polarized antennas in one group. So, based on the different antenna elements number and group spacing, the typical BS antenna configuration includes:
A: 2 elements, 1 co-located pair ±45cross polarized;

B: 4 elements, 2 pairs of co-located ±45cross polarized elements, 0.5
[image: image39.wmf]l

 spacing;

C: 8 elements, 4 pairs of co-located ±45cross polarized elements, 0.5
[image: image40.wmf]l

 spacing;

D: 4 elements, 2 pairs of co-located ±45cross polarized elements, 2
[image: image41.wmf]l

, 4
[image: image42.wmf]l

 spacing;

E: 8 elements, 4 pairs of co-located pairs ±45cross polarized elements, 2
[image: image43.wmf]l

, 4
[image: image44.wmf]l

 spacing;
We suggest that both in TR25.996 and TR36.814, the typical polarized BS antenna array is ±45°cross-polarized. The number of antennae is based on the evaluation requirement, e.g. the configuration C is suggested to be used in the study of beam-forming and dual-stream beam-forming. 

In TR36.814, we propose the typical antenna configurations for study of the higher order (more than 4) MIMO are D and E. The configurations B and C are suggested to be used in the study of advanced beam-forming and dual-stream beam-forming.

2.2.2 The configuration of the MS antenna and the slant angle of polarization 

For a MS with 2 antennae, the vertical antenna with 0.5
[image: image45.wmf]l

 spacing and the ±45°cross-polarized antenna are typical configurations. For larger number of antenna elements, the cross-polarized antenna array is more reasonable. The typical MS antenna configurations include:
A: 2 elements, vertical polarized, 0.5
[image: image46.wmf]l

 spacing;
B: 2 elements, 1 co-located pair ±45cross polarized;

C: 4 elements, 2 pairs of co-located ±45cross polarized elements, 0.5
[image: image47.wmf]l

 spacing;

D: 8 elements, 4 pairs of co-located ±45cross polarized elements, 0.5
[image: image48.wmf]l

 spacing;
The configuration A has been used in the simulations throughout LTE R8 study. In order to keep the consistency, we suggest that in LTE R9 and LTE-A for simulation scenarios Case1 and Case3 with 2 antennae at UE, the typical antenna configuration is kept unchanged i.e. type A.
In LTE-A, a MS may have up to 4 antennae, the typical antenna configuration is suggested to be cross-polarized. We propose, when the number of antennae is larger than 2, the typical MS antenna configurations are C and D.
2.2.3 XPD and the polarization power loss

In TR25.996, the XPD for the Urban Macro and Urban Micro are given as randomly distributed values, except in section 5.5.1 Step 17 as:
For urban macrocells:  P2 = P1 - A - B*
[image: image49.wmf]h

(0,1), where A=0.34*(mean relative path power in dB)+7.2 dB, and B=5.5dB is the standard deviation of the XPD variation.  

For urban microcells:  P2 = P1 - A - B*
[image: image50.wmf]h

(0,1), where A=8 dB, and B=8dB is the standard deviation of the XPD variation.

The value 
[image: image51.wmf]h

(0,1) is a zero mean Gaussian random number with unit variance and is held constant for all sub-paths of a given path.
However, the XPD for the Suburban Macro scenario is not given. In TR 36.814, Table B1-7 gives the XPR for each evaluation scenarios as a constant value.
We suggest keeping the XPD as it is in TR25.996, and for the Suburban Macro, the same XPD distribution is used as for the Urban Macro. In TR36.814, for the simulation Case1 and Case3, the same XPD is defined as in TR25.996. But for the consistency with IMT.EVAL, other ITU evaluation scenarios use the suggested XPR value in the Table B1-7.
It should be noted that, the introduction of the polarized antenna channel model will decrease the channel response power that can be called polarization power loss. According to the channel model for polarized antenna system, the polarization power loss for the nth path can be given as:

[image: image52.wmf]M

k

k

M

m

m

n

m

n

m

n

m

n

n

å

=

-

-

÷

÷

ø

ö

ç

ç

è

æ

+

+

+

=

1

AoD

,

,

2

AoA

,

,

2

2

2

AoD

,

,

2

2

2

1

AoA

,

,

2

2

2

1

2

2

)

(

cos

)

(

cos

)

(

sin

)

(

sin

)

(

cos

)

(

cos

)

(

sin

)

(

cos

)

(

sin

)

(

cos

)

(

cos

)

(

cos

Lp

q

q

b

a

q

b

a

q

b

a

b

a

 (9)
For example, the BS antenna is ±45°cross-polarized, the UE antenna is vertical, the AoD and AoA is 0°, and the polarization power loss of the nth path is:
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For all N paths, the mean polarization power loss is:

[image: image54.wmf]å

=

×

=

N

n

n

n

Lp

P

1

Lp

    (10)
In system simulations, usually the channel from a MS to a far away BS with weak interference will not be modeled as described in TR25.996. In this case, the weak interference is considered as white noise. So, when calculating the power of the weak interference, the polarization power loss must be added to the large scale fading and path loss. The polarization power loss should also be considered when calculating the Geometry in the simulation. If this polarization power loss is disregarded, the performance of polarized antenna system in the simulation will be lower than the real value. 
When calculating the Geometry, the polarization power loss Lp must be taken into account as the following equation:


[image: image55.wmf]0

)

/(

)

/(

N

Lp

L

P

Lp

L

P

Geometry

Cell

N

i

j

j

j

i

i

+

×

×

=

å

¹

  (11)
2.2.4 The antenna unit gain pattern for the 0.5 wavelength spacing antenna

In TR25.996, a typical 3 sector gain pattern is defined in the section 4.5.1 as:
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is defined as the angle between the direction of interest and the boresight of the antenna, 
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 is the 3dB beamwidth in degrees, and  Am is the maximum attenuation. For a 3 sector scenario 
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For the smart antenna system, the spacing of the element is only 0.5 wavelength (7.5cm for 2GHz), the antenna unit gain usually wider than 70 degrees. And the sector gain is generated by the sector beamforming weight factor for each antenna unit. Typically, antenna unit can be modeled as an antenna unit before an idea wide baffle-board, so the antenna unit gain pattern can be defined as the following baffle-board model.
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[image: image62.wmf]ele

d

is the distance between the antenna unit and the back board, usually 
[image: image63.wmf]ele

d

=
[image: image64.wmf]l

/4。
Based on the unit gain pattern, sector gain can be generated with a proper sector beamforming weight factor. For the 4 elements antenna array, the beamforming weight factor can be w = [-0.2421 + 0.3241i, -0.4938 + 0.8696i, -0.4938 + 0.8696i, 0.2603 - 0.5622i]. 
And w=[0.4500 , -0.5736 + 0.8192i, -0.9063 - 0.4226i, -0.4226 - 0.9063i, -0.4226 - 0.9063i, -0.9063 - 0.4226i, -0.5736 + 0.8192i, 0.4500] can be used as the sector gain beamforming weight factor for the 8 elements array.
The following figure give a unit gain pattern and sector gain pattern for the 4 elements antenna, plus the 70 degrees sector gain pattern in TR25.996.
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3. Conclusion

Polarized antenna array will be vastly used in the simulation as an antenna configuration in LTE Rel-9 and LTE-A study. We suggest providing clear description of the polarized channel model and give the typical configurations and parameters for reference both in TR25.996 and TR36.814:
1) In TR25.996, modify the polarized antenna response equation; add some text and equation for the polarized complex response to make it clearer.
2) In TR 25.996, provide the definition and the usage for polarization power loss.
3) In TR 25.996, add a table to give the suggested typical polarized antenna parameters for reference, include the antenna unit gain pattern for beamforming.
4) In TR36.814 Annex B, modify the spatial channel response equation; add some text and equation for the polarized complex response to make it clearer, add the antenna unit gain pattern for beamforming.
5) In TR36.814 Annex A, provide the typical UE and BS antenna configurations in the section A.2.1.1.1. Add a table of the optional antenna configurations for each scenario
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TP for TR25.996:
---------------------------------Start of text proposal for TR 25.996------------------------------------
5.5.1
Polarized arrays

…………..
Step 17: The coupled power P2 of each sub-path in the horizontal orientation is set relative to the power P1 of each sub-path in the vertical orientation according to an XPD ratio, defined as XPD= P1/P2. A single XPD ratio applies to all sub-paths of a given path. Each path n experiences an independent realization of the XPD. For each path the realization of the XPD is drawn from the distributions below. 

For urban macrocells and suburban macrocells:  P2 = P1 - A - B*
[image: image66.wmf]h

(0,1), 
………………
Step 19: Apply the path loss based on the BS to MS distance from Step 2, and the log normal shadow fading determined in step 3 as bulk parameters to each of the sub-path powers of the channel model.

The fading behavior between the cross pol elements will be a function of the per-ray spreads and the Doppler.  The fading between orthogonal polarizations has been observed to be independent and therefore the sub-rays phases are chosen randomly.  The propagation characteristics of V-to-V paths are assumed to be equivalent to the propagation characteristics of H-to-H paths.

The polarization model can be illustrated by a matrix describing the propagation of and mixing between horizontal and vertical amplitude of each sub-path. Assuming slanted linear polarized antennas the resulting channel realization is:

: 
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where:
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is the BS antenna complex response for the V-pol component, 
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is the eNB antenna slant angle with respect to the z-axis.
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is the BS antenna complex response for the H-pol component, 
[image: image72.wmf]a

is the eNB antenna slant angle with respect to the z-axis.
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is the MS antenna complex response for the V-pol component, 
[image: image74.wmf]b

is the UE antenna  slant angle with respect to the z-axis.
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is the MS antenna complex response for the H-pol component, 
[image: image76.wmf]b

is the UE antenna slant angle with respect to the z-axis.
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is the BS or MS antenna gain of each array element (Step 12).
So, the eNB antenna complex responses are
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(5.5.1-x2)
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is the BS antenna gain of each array element (Step 12). For the large spacing antenna array, the gain pattern is defined in the section 4.5.1 as:
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[image: image81.wmf]q

is defined as the angle between the direction of interest and the boresight of the antenna, 
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3

q

 is the 3dB beamwidth in degrees, and  Am is the maximum attenuation. For a 3 sector scenario 
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For the smart antenna system, the spacing of the element is only 0.5 wavelength (7.5cm for 2GHz), the antenna unit gain usually wider than 70 degrees. And the sector gain is generated by the sector beamforming weight factor for each antenna unit. Typically, antenna unit can be modeled as an antenna unit before an idea wide baffle-board, so the antenna unit gain pattern can be defined as the following baffle-board model.
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[image: image86.wmf]ele
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is the distance between the antenna unit and the back board, usually 
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/4.
Based on the unit gain pattern, sector gain can be generated with a proper sector beamforming weight factor. For the 4 elements antenna array, the beamforming weight factor can be w1 = [-0.2421 + 0.3241i, -0.4938 + 0.8696i, -0.4938 + 0.8696i, 0.2603 - 0.5622i]. 

And w2=[0.4500 , -0.5736 + 0.8192i, -0.9063 - 0.4226i, -0.4226 - 0.9063i, -0.4226 - 0.9063i, -0.9063 - 0.4226i, -0.5736 + 0.8192i, 0.4500] can be used as the sector gain beamforming weight factor for the 8 elements array.

The following figure give a unit gain pattern and sector gain pattern for the 4 elements antenna, plus the 70 degrees sector gain pattern in section 4.5.1.
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The UE antenna complex responses are 
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(5.5.1-x4)

For example,when the BS antenna is 45°from the z-axis, and the UE antenna is 0°from the z-axis, and the AoD and AoA is 0°, the BS and the UE antenna complex responses are
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……………………………..
The 2x2 matrix represents the scattering phases and amplitudes of a plane wave leaving the UE with a given angle and polarization and arriving Node B with another direction and polarization. 
[image: image93.wmf]n

r

 is the average power ratio of waves leaving the UE in the vertical direction and arriving at Node B in the horizontal direction (v-h) to those arriving at Node B in the vertical direction (v-v). By symmetry the power ratio of the opposite process (h-v over v-v) is chosen to be the same.  Note that: 
[image: image94.wmf]n

r

=1/XPD; for the macrocell model, the XPD is dependent on the path index; for the microcell model, the XPD is independent of path index.
When the polarized antenna is used, the channel response will have a polarization power loss. The polarization power loss of each path can be derived from the channel response equation as:
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(5.5.1-x4)
For example, when the BS antenna is 45°from the z-axis, and the UE antenna is 0°from the z-axis, and the AoD and AoA is 0°, the polarization power loss is:
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There are 6 paths in the channel model. So, the mean polarization power loss is:
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(5.5.1-x5)

In the simulation, when calculating the Geometry, the polarization power loss Lp must be taken into account as the following equation:
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(5.5.1-x6)
In the system level simulation, the weak interference from the far cells usually be added as white noise. When polarized anntena is used in the simulation, the polarization power loss must be added to the path-loss when calculate the interference power.
The following table 5.x gives some typical polarized antenna array parameters:

Table 5.x: Polarized Antenna Array Parameters

	Channel Scenario
	Suburban Macro
	Urban Macro
	Urban Micro

	BS Antenna Configuration
	±45 cross polarized 
	±45 cross polarized
	±45 cross polarized

	Antenna unit gain for beamforming
	As defined in 5.5.1-x3
	As defined in 5.5.1-x3
	As defined in 5.5.1-x3

	Antenna sector beamforing weight
	4:w1

8:w2
	4：w1

8：w2
	4：w1

8：w2

	MS Antenna Configuration
	Vertical
	Vertical
	Vertical

	XPD(dB)
	-A -B*
[image: image99.wmf]h

(0,1), where A=0.34*(mean relative path power in dB)+7.2 dB, and B=5.5dB 
	-A -B*
[image: image100.wmf]h

(0,1), where A=0.34*(mean relative path power in dB)+7.2 dB, and B=5.5dB 
	-A - B*
[image: image101.wmf]h

(0,1), 
where A=8 dB, and B=8dB

	Polarization power Loss(dB)
	As defined in (5.5.1-x5)
	As defined in (5.5.1-x5)
	As defined in (5.5.1-x5)


---------------------------------End of text proposal for TR 25.996------------------------------------
TP to TR36.814:
---------------------------------Start of text proposal for TR 36.814------------------------------------
A.2.1.1.1
Homogeneous deployments
…………………………………………
Table A.2.1.1-2 – 3GPP Case 1 and 3 (Macro-cell) 
system simulation baseline parameters modifications as compared to TR 25.814
	Parameter
	Assumption

	Antenna pattern For antenna spacing > 2 wavelength (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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[image: image103.wmf]dB

3
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 = 70 degrees,  Am = 25 dB 

	Antenna pattern For antenna spacing = 0.5 wavelength(horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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[image: image105.wmf]ele
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/4  Am = 25 dB

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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[image: image108.wmf]dB

3

q

 = 10,  SLAv = 20 dB

The parameter 
[image: image109.wmf]etilt

q

is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
[image: image110.wmf]etilt

q

= 15 degrees for 3GPP case 1 and 
[image: image111.wmf]etilt

q

= 6 degrees for 3GPP case 3 may be used. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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	Channel model
	3GPP Spatial Channel Model (SCM) [TR 25.996]

For single transmit antenna evaluations, the Typical Urban (TU) channel model may be used

	
	

	Total BS TX power (Ptotal)
	43dBm – 1.25, 5MHz carrier,   
46/49dBm – 10, 20MHz carrier
Some evaluations to exploit carrier aggregation techniques may use wider bandwidths e.g. 60 or 80 MHz (FDD). For these evaluations [49 dBm] Total BS Tx power should be used.

	UE power class
	 23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	In addition to the antenna bore-sight orientation in TR25.814 (center direction points to the flat side), an optional orientation as shown can be used if needed in Coordinated Multipoint study (i.e., point to corners)
	


BS and UE antenna configuration can be defined as the following typical options. Table A.2.1.1-3 gives the proposed typical antenna configurations can be selected in each scenarios.

UE antenna Configurations：

A: 2 elements, vertical, 0.5
[image: image113.wmf]l

 spacing;

B:2 elements, 1 co-located pair ±45cross polarized elements;

C:4 elements, 2 co-located pairs ±45cross polarized elements, 0.5
[image: image114.wmf]l

 spacing;

D:8 elements, 4 co-located pairs ±45cross polarized elements, 0.5
[image: image115.wmf]l

 spacing.
BS antenna Configurations：

A: 2 elements, 1 co-located pair ±45cross polarized elements;
B: 4 elements, 2 co-located pairs ±45cross polarized elements, 0.5
[image: image116.wmf]l

, 2
[image: image117.wmf]l

, 4
[image: image118.wmf]l

 spacing;
C: 8 elements, 4 co-located pairs ±45cross polarized elements, 0.5
[image: image119.wmf]l

, 2
[image: image120.wmf]l

, 4
[image: image121.wmf]l

 spacing;
D: 2 elements, vertical, 2
[image: image122.wmf]l

, 4
[image: image123.wmf]l

, 10
[image: image124.wmf]l

 spacing;
E: 8 elements, vertical, 0.5
[image: image125.wmf]l

 spacing.
Table A.2.1.1-x – E-UTRA simulation case optional antenna configutation

	Simulation
	UE Antenna  
	UE Antenna  
	NodeB Antenna
	NodeB Antenna

	Cases 
	(<=2 elements)
	(>=4 elements)
	(<=2 elements)
	(>=4 elements)

	3GPP case 1
	A
	C,D
	A,D
	B,C,E

	3GPP case 1 extended
	A
	C,D
	A,D
	B,C,E

	3GPP case 3
	A
	C,D
	A,D
	B,C,E

	ITU Indoor,  
Indoor hotspot scenario
	B
	NA*
	A,D
	B,C,E

	ITU Indoor extended,  
Indoor hotspot scenario
	B
	NA
	A,D
	B,C,E

	ITU Microcellular, 
Urban micro-cell scenario
	B
	NA
	A,D
	B,C,E

	ITU Base coverage urban,
Urban macro-cell scenario
	B
	NA
	A,D
	B,C,E

	ITU Base coverage urban extended,
Urban macro-cell scenario
	B
	NA
	A,D
	B,C,E

	ITU High speed, 
Rural macro-cell scenario
	B
	NA
	A,D
	B,C,E


*note: In the system simulation parameters definition in IMT.EVAL, the maximal UE antenna number is 2.

Annex B:
……………………………
Assuming slanted linear polarized antennas the resulting channel realization is:
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(20)

where Frx,u,V and Frx,u,H are the antenna element u field patterns for vertical and horizontal polarisations respectively. The polarization responses are given by:

[image: image128.wmf]T

m

n

m

n

BS

m

n

BS

T

m

n

H

u

rx

m

n

V

u

rx

Cos

Sin

G

Cos

G

F

F

ú

ú

û

ù

ê

ê

ë

é

×

×

×

=

ú

û

ù

ê

ë

é

)

(

)

(

)

(

)

(

)

(

)

,

(

)

,

(

,

,

,

,

,

,

,

,

,

j

a

j

a

j

j

a

j

a

and 


[image: image129.wmf]ú

ú

û

ù

ê

ê

ë

é

×

×

×

=

ú

û

ù

ê

ë

é

)

(

)

(

)

(

)

(

)

(

)

,

(

)

,

(

,

,

,

,

,

,

,

,

,

m

n

m

n

MS

m

n

MS

T

m

n

H

s

tx

m

n

V

s

tx

Cos

Sin

G

Cos

G

F

F

f

b

f

b

f

f

b

f

b


Where, 
[image: image130.wmf]a

is the BS antenna array tilted angle with respect to the z-axis and 
[image: image131.wmf]b

is the MS antenna array tilted angle with respect to the z-axis.
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