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1. Introduction
In the last meeting, EIRP accuracy of AAS Base Station was intensively discussed. The ongoing discussion of AAS indicates transceiver accuracy, steering accuracy and array accuracy are undoubtedly the most important factors that should be used to define the AAS EIRP accuracy. In this contribution, a better description of these factors are given and AAS models are revised to progress the works of AAS EIRP study. We want to analyze how these factors impact the AAS EIRP accuracy, and some system level simulation results are provided to show the impacts on the performance of AAS Base Station.
2. Statistical AAS models and Simulation Results
2.1  Description on transceiver, steering and array accuracy
As we mentioned before, we agree that transceiver accuracy, steering accuracy and array accuracy will impact EIRP accuracy for AAS. However until now, there’re no clear statement what these accuracies are and how they impact performance of AAS in RAN4, especially on steering error, as transceiver accuracy and array accuracy may also have impacts on the steering error. In this contribution, we want to discuss more detailed definition for these accuracies and how they impact on the AAS models.
In [1], it is clear that the amplitudes of RF signals in different transmitters are completely identical and the phase shifts used to steering beam directions are also given with ideal assumption. While in reality, the amplitudes will vary with different transmitters (e.g. due to limits of manufacturing technology, different PAs in the transmitter array are not always the same.). Here, we consider the amplitude inconformity of RF signals in different transmitter as the transceiver accuracy, where the amplitude of RF signals follows specific PDF( Probability Density Function). Transceiver accuracy can be defined by the variance of the PDF of amplitude of RF signals. 
As the current models on phase shift in different transmitters are also ideal, we can define one kind of phase shift error as the steering accuracy, where phase shift error in different transmitters follows specific PDF. The steering accuracy can be defined by the variance of the PDF of phase shift error. 

Based on the similar considerations, radiation pattern of antenna element in the array cannot be the same due to limits of manufacturing technology, so we can assume the maximum gain of antenna element follows specific PDF for the simplicity. The array accuracy can be defined by the variance of the PDF of maximum gain of antenna element. 
In following sections, these impact factors are introduced into the AAS model, and some simulation results are provided for detailed analysis. 
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Note 1:Output Power[dB] of per transmitter 

follows the Gaussian distribution with mean 

value [10log

10

(1/N)dB ] and standard deviation 

[(Transceiver Unit Accuracy[dB])/3]

Note 2:Phase Shift Error [degree]] of per 

transmitter follows the Gaussian distribution 

with mean value [0 degree ] and standard 

deviation  [(Phase Shift Accuracy)/3]

Note 3:Antenna Element Accuracy [dB]] of per 

antenna element follows the Gaussian distribution 

with mean value [0 dB ] and standard deviation  

[(Antenna Element Accuracy)/3]

sqrt


Figure 1.The proposed methodology of calculating AAS BS EIRP 
2.2  Legacy AAS model
In [1], the weighting factor, which is used to control the side lobe levels and electrical down-tilt, can be represented as following 
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To consider impact factors, we rewrite the weighting factor as
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Where 
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 follows the normal distribution with mean value 0 and variance 10°to 80°. Electrical down-tilt is 9 in degree in this proposal. In [1], antenna pattern in the antenna array is also considered identical. Therefore, we are considering the inconformity of the maximum direction gain of antenna element in the  array (e.g. 
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As the radiation pattern of antenna array is the mean power which can be obtained by taking conditional expectation over 
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The statistical antenna pattern of AAS model can be described as 
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Table 1 simulation results of statistical antenna array
	Phase Shift Error following normal distribution with mean 0 and variance 10 °to 80 °
	Array gain of traditional antenna array at 99°[in dB]
	The mean value of statistical array gain at 99°[in dB]
	The variance value of statistical array gain at 99°[in dB]
	The gap between traditional antenna array and statistical array [in dB]

	10°
	10
	9.8786
	0.0070  [0.0837]
	0.1214

	20°
	10
	9.5144
	0.0569  [0.2385] 
	0.4856

	30°
	10
	8.9167
	0.292   [0.5404]
	1.0833

	40°
	10
	8.0581
	0.8318  [0.9120]
	1.9419

	50°
	10
	6.9309
	2.3237  [1.5244]
	3.0691

	60°
	10
	5.5869
	5.7255  [2.3928]
	4.4131

	70°
	10
	3.9267
	10.253  [3.2021]
	6.0733

	80°
	10
	2.4112
	15.460  [3.9319]
	7.5888


Note: 
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 and variance 0.1 dB; the number in red color is standard deviation.
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Figure 2 simulation results of statistical antenna array of legacy AAS
From the Table 1, with the increasing phase shift error, the mean value at the maximum gain direction of AAS will decrease dramatically, and the variance at maximum direction gain will increase dramatically, which means the radiation pattern of AAS is quite unstable. The data in red color in Table 1 is the EIRP accuracy of legacy AAS calculated at the maximum gain direction (99 in degree), which shows that the EIRP accuracy will degrade quickly with the increasing Phase Shift Error. Meanwhile, the mean value at the maximum gain direction become worse, which indicates the coverage of AAS will also become worse due to Phase Shift Error.
System level simulation results are shown in Figure 2, the same situation observed that the cell average throughput of LTE with AAS installed will degrade rapidly with the increasing phase shift error and the cell edge throughput will degrade slightly. 
2.3  AAS supporting vertical cell splitting
For AAS supporting vertical cell splitting, the statistical antenna pattern of AAS is the same as Legacy AAS but with cell splitting:
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Where the weighting factors for inner cell and outer cell should be different and other parameters will be the same.
.Table 2 simulation results of statistical antenna array of outer cell
	Phase Shift Error following normal distribution with mean 0 and variance 10 °to 80 °
	Array gain of traditional antenna array at 99°[in dB]
	The mean value of statistical array gain at 99°[in dB]
	The variance value of statistical array gain at 99°[in dB]
	The gap between traditional antenna array and statistical array [in dB]

	10°
	10
	9.8772
	0.0073  [0.0854]
	 0.1228

	20°
	10
	9.5061
	0.0538  [0.2319]
	 0.4939

	30°
	10
	8.9333
	0.2712  [0.5208]
	 1.0667

	40°
	10
	8.0317
	0.8924  [0.9447]
	 1.9683

	50°
	10
	6.9281
	2.5452  [1.5954]
	 3.0719

	60°
	10
	5.6132
	4.7817  [2.1867]
	 4.3868

	70°
	10
	3.9543
	11.375  [3.3727]
	 6.0457

	80°
	10
	2.2418
	18.000   [4.2426]
	 7.7582


Table 3 simulation results of statistical antenna array of inner cell
	Phase Shift Error following normal distribution with mean 0 and variance 10 °to 80 °
	Array gain of traditional antenna array at 105°[in dB]
	The mean value of statistical array gain at 105°[in dB]
	The variance value of statistical array gain at 105°[in dB]
	The gap between traditional antenna array and statistical array [in dB]

	10°
	10
	9.8758
	0.0078  [0.0883]
	0.1242

	20°
	10
	9.5173
	0.0558  [0.2362]
	0.4826

	30°
	10
	8.9452
	0.2484  [0.4984]
	1.0548

	40°
	10
	8.0458
	0.8716  [0.9336]
	1.9542

	50°
	10
	6.9695
	2.3263  [1.5252]
	3.0305

	60°
	10
	5.5102
	5.4437  [2.3332]
	4.4898

	70°
	10
	3.9976
	10.412  [3.2268]
	6.0024

	80°
	10
	1.9611
	18.253   [4.2724]
	8.0389


Note: 
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Figure 3  simulation results of statistical antenna array of vertical cell splitting
The mean value and variance at the maximum direction gain of AAS supporting vertical cell splitting are shown in Table 2 and Table 3, there is no big difference between legacy AAS and AAS supporting vertical cell splitting. The data in red color in Table 2 and Table 3 is the EIRP accuracy of AAS supporting vertical cell splitting calculated at the maximum gain direction (99 in degree of outer cell and 105 in degree of inner cell), which also shows that the EIRP accuracy will degrade quickly with the increasing Phase Shift Error. From the Figure 3, we can obtain the similar results in Figure 2, the cell average throughput of LTE with AAS will degrade rapidly with the increasing phase shift error and the cell edge throughput will degrade slightly.
2.4  AAS supporting horizontal cell splitting
For AAS supporting horizontal cell splitting, the structure of AAS are different from legacy AAS and AAS supporting vertical cell splitting. 
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Where
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Table 4 simulation results of statistical antenna array of left cell
	Phase Shift Error following normal distribution with mean 0 and variance 10 °to 80 °
	Array gain of traditional antenna array at 99°and 25 °[in dB]
	The mean value of statistical array gain at 99°and 25 °[in dB]
	The variance value of statistical array gain at 99°and 25 °[in dB]
	The gap between traditional antenna array and statistical array [in dB]

	10°
	16.0206
	15.8975
	0.0016 [0.0400]
	0.1231

	20°
	16.0206
	15.5378
	0.0119 [0.1091]
	0.4828

	30°
	16.0206
	14.8145
	0.0770 [0.2775]
	1.2061

	40°
	16.0206
	13.9209
	0.3105 [0.5572]
	2.0997

	50°
	16.0206
	12.8505
	0.5207 [0.7216]
	3.1701

	60°
	16.0206
	11.3032
	1.4695 [1.2122]
	4.7174

	70°
	16.0206
	10.0915
	2.1724 [1.4739]
	5.9291

	80°
	16.0206
	7.5550
	4.8886 [2.2110]
	8.4656


Table 5 simulation results of statistical antenna array of right cell
	Phase Shift Error following normal distribution with mean 0 and variance 10 °to 80 °
	Array gain of traditional antenna array at 99°and -25 °[in dB]
	The mean value of statistical array gain at 99°and -25 °[in dB]
	The variance value of statistical array gain at 99°and -25 °[in dB]
	The gap between traditional antenna array and statistical array[in dB]

	10°
	16.0206
	  15.8939
	0.0018 [0.0424]
	0.1267

	20°
	16.0206
	  15.5013
	0.0159 [0.1261]
	0.5193

	30°
	16.0206
	  14.9430
	0.0605 [0.2460]
	1.0776

	40°
	16.0206
	  13.9044
	0.2430 [0.4930]
	2.1162

	50°
	16.0206
	  12.7216
	0.5358 [0.7320]
	3.2990

	60°
	16.0206
	  11.2867
	1.6959 [1.3023]
	4.7339

	70°
	16.0206
	  9.7477
	2.8590 [1.6909]
	6.2729

	80°
	16.0206
	  7.7322
	4.3327 [2.0815]
	8.2884


Note: 
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Figure 4  simulation results of statistical antenna array of horizontal cell splitting
The mean value and variance at the maximum direction gain of AAS supporting horizontal cell splitting are shown in Table 4 and Table 5, we can find that the mean value will decrease dramatically with the increasing Phase Shift Error and the variance will increase rapidly, which means AAS will become more unstable with large Phase Shift Error. The data in red color in Table 4 and Table 5 is the EIRP accuracy of AAS supporting horizontal cell splitting calculated at the maximum gain direction ([99,25] in degree of left cell and [99,-25] in degree of right cell), which also shows that the EIRP accuracy will degrade quickly with the increasing Phase Shift Error. For the Figure 4, we can obtain the similar results observed in Figure 2 and Figure 3, the cell average throughput of LTE with AAS will degrade rapidly with the increasing phase shift error and the cell edge throughput will degrade slightly. 
2.5  AAS supporting UE specific beam forming
The above statistical antenna pattern are all cell specific, the electrical down tilt and electrical scan are both static when the AAS is installed in the LTE network. When AAS needs to support UE specific beam forming, the accurate position of UE should be estimated from the uplink arrived signals or from some UE specific RSs in downlink. Considering the mobile channel is scattering and there are various kinds of noise at the receiver, the estimated UE’s BF direction will contain the estimated error, which it need to be considered in the performance evaluation of AAS supporting UE specific beam forming. Therefore we need to take these issues into account and establish the statistical AAS pattern supporting UE specific beam forming.
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In this stage of AAS WI in RAN4, we suggest only the RF impacts should be considered in the first stage of 3D-MIMO, more detailed parameters we should consider in the next stage. In this proposal, we formulate the theoretical minimum estimated variance of arriving signals in the uplink, and detailed derivation can be found in Annex B. In the future, we think estimated error should also be taken into account of the performance evaluation of 3D-MIMO in RAN4. 
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Where 
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 can be considered as UE’s SINR, we can easily find that UE locating at different position may have different estimated error variance. 
3. Conclusions
In this contribution, we present preliminary study results on transceiver accuracy, steering accuracy and array accuracy:
· Transceiver accuracy refers to the amplitude accuracy of the individual PA in the transmitter array;

· Steering accuracy refers to the phase shift error in the transmitter array;
· Array accuracy refers to maximum gain accuracy of antenna element in the antenna array.
Based on the statistical AAS models in Annex A, some detailed simulation should be conduct and reasonable EIRP accuracy should be determined avoiding the performance loss due to misleading requirement.
In the next stage of performance evaluation of UE specific beam forming, we should also consider the estimated error of UE’s direction to make sure a more reasonable performance evaluation. 
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Annex A
Table 5.3.3.1-1 Element pattern for antenna array model

	Horizontal Radiation Pattern
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	Horizontal 3dB bandwidth of single element / deg
	For single column antenna: 65º

For multi-column antenna: 80º

	Front-to-back ratio
	Am = 30dB

	Vertical Pattern  method
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	Element Gain without antenna losses
	For single column antenna: GE,max= 9 dBi

For multi-column antenna: GE,max= 7.5 dBi*

	Note: *GE,max is obtained from TR37.840[2] Table 5.4.4.2.1-1. 
[image: image43.wmf],max,

En

G

D

 follows the normal distribution with mean value 0 and variance [0.1 dB], the specific variance still need to be discussed.


Vertical cell partitioning

Table 5.3.3.2.2-1 Composite antenna pattern for AAS BS applying vertical cell partitioning

	Configuration
	Single column (N-elements)

	Composite Array radiation pattern in dBi 
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	For inner cell:
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For outer cell:
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the super position vector is given by:
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the weighting is given by:



[image: image51.wmf](

)

(

)

(

)

21

inner

v

nn_inneretiltn_inner

d

wexpincosexpi

æö

=a×p××-××q××Dt

ç÷

l

èø


[image: image52.wmf](

)

(

)

(

)

2112

outer

v

nn_outeretiltn_outer

d

wexpincosexpi,n,,...N

æö

=a×p××-××q××Dt=

ç÷

l

èø



	Antenna array configuration (Row×Column)
	10×1

	Vertical radiating element spacing d/
	0.9

	Power in outer/inner cell
	-3dB/-3dB

	Down-tilt angles for vertical cell splitting
	9/15 degrees

	Note: 
	Transceiver accuracy
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 and variance [0.1dB], the specific variance still need to be discussed.

Steering accuracy
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 follows the normal distribution with mean value 0 and variance ranging from [10:80] in degree, the specific variance still need to be discussed.


Horizontal cell splitting

Table 5.3.3.2.3-1 Composite antenna pattern for AAS BS applying horizontal cell partitioning

	Configuration
	Multiple columns (NVxNH elements)

	Composite Array radiation pattern in dBi 
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	For Cell 1:
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For Cell 2:
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the super position vector is given by:
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the weighting is given by:
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	Antenna array configuration (Row×Column)
	10×4

	Horizontal radiating element spacing d/
	0.5

	Vertical radiating element spacing d/
	0.9

	Down-tilt angle (deg)
	9 degrees

	horizontal electrical steering for cell splitting
	±25 degrees


	Power split. Cell1/Cell2
	-3dB/-3dB

	Note
	Transceiver accuracy
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follows the normal distribution with mean value 
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 and variance [0.1dB], the specific variance still need to be discussed.

Steering accuracy
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 follows the normal distribution with mean value 0 and variance ranging from [10:80] in degree, the specific variance still need to be discussed.


UE specific beam forming

Table 5.3.3.2.1-1 Composite antenna pattern for UE specific beam forming

	Configuration
	Multiple columns (NVxNH elements)

	Composite Array radiation pattern in dB 
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	For beam i:
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the super position vector is given by:
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the weighting is given by:
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	Antenna array configuration (Row×Column)
	10×4

	Horizontal radiating element spacing d/
	0.5

	Vertical radiating element spacing d/
	0.9

	Down-tilt angle (deg)
	0 degrees

	Power allocated to each beam
	6dB below the maximum transmitted power

	Note
	Transceiver accuracy
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 and variance [0.1dB], the specific variance still need to be discussed.

Steering accuracy
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 is the estimation error of UE’s direction.


Annex B

The following procedure is the derivation of theoretical minimum variance of estimated direction at the AAS side
 SHAPE  \* MERGEFORMAT 



Figure B-1. The illustration of direction estimation in 3D-MIMO 
Complex signals received at AAS BS can be described as
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  (B-1)
For the simplicity of derivation, we use the real part of complex signal  
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Likelihood probability density function can be described as：
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Where 
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For the simplicity of derivation procedure, we transform the equation (B-3) into logarithmic form
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To take the first order partial derivative of equation (B-4), then we can get
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To take the second order partial derivative of equation (B-4), then we can get
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Assuming that 
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 is not approaching 0 or 1/2, we can get some sort of simplicity to some degree. When 
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By the above derivation procedure, we can get the Fisher information matrix: 
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Based on the equation (B-17), we can get reverse matrix of (B-17)
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By making using of parameter transformation equation, we can get the following equation
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Jacobi matrix can be described as 

[image: image108.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

11

22

2

0

2sin

cossin

2sincos2sincos

V

VH

gg

g

gg

d

dd

JJ

J

ab

J

JJ

ab

l

pq

lqj

l

pqjpqj

¶¶

éù

êú

¶

¶¶

êú

=

êú

¶

¶¶

êú

¶¶

ëû

éù

-

êú

êú

=

êú

êú

êú

ëû

           (B-20)
Due to the fact that
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