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1 Introduction
The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after equalization. In existing specification, the EVM definition is independent of the propagation angle in the spatial domain. This is actually true for legacy BS as the EVM is flat in spatial domain. However, this is different for AAS as the EVM performance is no longer flat. 

This paper proposes the modelling of spatial EVM for AAS, as well as the initial simulation results.
2 Discussion
2.1 Modelling of spatial EVM
The in-channel noise is from both correlated and non-correlated source, such as CFR noise, distortion of PAs and etc.. The non -coherent noise from the AAS do not form beams in the same way as the coherent signals. This will undoubtedly result in uneven EVM in spatial domain.
The modelling of EVM of AAS follows the similar methodology as for AAS ACLR, as described below: 

The signals induced on the assigned channel frequency at the radiation elements can be denoted as
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To reflect the definition of EVM, each signal 
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The ratio between 
[image: image8.wmf](

)

(

)

2

t

s

E

i

,

Ch

_

In

 and 
[image: image9.wmf](

)

(

)

2

,

_

t

n

E

i

Ch

In

 is the in-channel SNR, which has to meet the required EVM requirement: 
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We assume the requirement is the same across the radiation elements, or
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If we normalize 
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 as 1, then we have the following relation:
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For legacy BS installed with the antenna with fixed beam pattern, the in-channel signals 
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and the noise 
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 are identical across the radiation elements. Therefore, the SNR (EVM) performance is flat in the spatial domain. In existing specification, the required EVM for 16QAM (PDSCH) is 12.5%, therefore SNRelement is 18dB according to Equation (1).
For AAS, the in-channel noise 
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 is not fully identical, and the correlation level is assumed to be 
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. In this case the in-channel SNR performance is a function of elevation angle 
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 and the azimuth angle
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The snr is calculated below:
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Referring to the 3D antenna model established in [1], the mean power of in-channel products received at far-field (fully correlation) is
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And the in-channel noise received at far-field (partially correlated) is
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Equation (2) is finally simplified as
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or expressed in dB format:
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where
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is the weighting factor, denoted as 
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is the super position vector given by
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By applying equation (4),
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According to equation (4) and (5), the spatial SNR (EVM) can be explicitly expressed as the function of correlation level 
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 and the required SNR (EVM) performance over each radiation elements.

For 3D-coexistence simulation, the EVM value at the targeted direction shall be calculated using equation (5), as shown in Figure 1~3 for down-tilt angle of 5o, 9o, and 10o. 
Clearly, it could be seen that in the main beam the EVM is greatly improved over the 12.5% of each of the separate TRX’s (the minimum requirement for QPSK in current specification). However outside the main lobe, most of the side lobes are exceeding the original 12.5%, and the nulls have very large EVM.
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Figure 1 Vertical pattern for AAS BS in-channel SNR and EVM with different correlation levels (assuming EVMelement=12.5%, down-tilt angle=5 degree)
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Figure 2 Vertical pattern for AAS BS EVM with different correlation levels (assuming EVMelement=12.5%, down-tilt angle=9 degree)
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Figure 3 Vertical pattern for AAS BS in-channel SNR and EVM with different correlation levels (assuming EVMelement=12.5%, electrical down-tilt angle=10 degree)

2.2 Simulation Assumptions
In this part, the effect of the spatial characteristic of EVM in an AAS BS on the system performance is investigated by system level simulations in order to help us to better understand and define this requirement for AAS BS. 
For the first step studying, a single operator (E-UTRA Macro) is identified for the purpose of studying the spatial EVM for AAS BS. Simulation cases as shown in Table 1, and most of the simulation assumptions follow the proposals in [1, 2]. 
EVM of each transmitter is assumed to be 12.5% for Case a and Case c in order to compare the system performance between AAS and legacy system due to the spatial EVM. 

EVM of each transmitter for Case b is 39.8% which can have an improved EVM of 12.5% in the main lobe (same as Case c) when correlation level is 0. This simulation case is used to compare the system performance with different EVM definition, i.e. EVM of 12.5% per Tx link v.s. 12.5% EVM per BTS (in the main lobe).

9 degree down-tilt angle is applied in the simulation. Here, the down-tilt angle is defined as the angle between the direction of path and horizontal plane, i.e. 0° represents perpendicular to array.
Table 1 Simulation cases for evaluating AAS EVM
	Case
	Single System
	BS antenna pattern
	Simulated link
	Network Layout
	EVM
	Statistics

	a
	AAS E-UTRA Macro
	3D antenna model
	Downlink
	ISD=750m, single system
	12.5% for each transmitter link
	Throughput CDF

	b
	AAS E-UTRA Macro
	3D antenna model
	Downlink
	ISD=750m, single system
	39.8% for each transmitter link (equivalent to 12.5% in the main beam when correlation level is 0 )
	Throughput CDF

	c (Baseline)
	Legacy E-UTRA Macro
	3D antenna model
	Downlink
	ISD=750m, single system
	12.5% 
	Throughput CDF


2.3 Simulation Results
The system throughput CDF for legacy and AAS system are simulated, as shown in Figure 4~5.
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Figure 4 Case a and Case c: AAS and legacy System throughput CDF (electrical down-tilt: 9deg, EVM of each Tx link: 12.5%; Right figure: zoomed throughput CDF)
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Figure 5 Case a and Case c: AAS and legacy system throughput CDF (mechanical down-tilt: 9deg, EVM of each Tx link: 12.5%; Right figure: zoomed throughput CDF)
From Figure 4 and 5, it can be observed that:

1. Compared with legacy system, cell average throughput of AAS system improves, as shown in Table 2. This is mainly due to the improvement of EVM performance in the main lobe. This can be seen more clearly in Figure 6, showing that the mean EVM is lower than the original 12.5% within the distance range of 110m to 400m where lots of UE are located. Besides, the EVM in the main lobe becomes better with the lower correlation level, and leads to higher AAS cell average throughput.  
Table 2 AAS cell average throughput gain (down-tilt: 9deg)
	Correlation level
	AAS cell average throughput gain (%) (electrical down-tilt of 9 degree)
	AAS cell average throughput gain (%) ( mechanical down-tilt of 9 degree)

	0
	5.05 
	5.03 

	0.2
	3.25 
	3.54 

	0.4
	1.52 
	1.77 

	0.6
	0.32 
	0.43 

	0.8
	0.02 
	0.03 

	1
	0.00 
	0.00 

	Note: AAS cell average throughput gain = 
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Figure 6 EVM over distance from antenna (30m antenna height, 9° tilt, 10 element AAS)
2. However, some UEs experienced a data rate drop mainly due to the poor EVM (i.e. lower than original 12.5%). The average throughput loss of this part of ‘suffered’ users in AAS system becomes worse when the correlation level reduces, as shown in Table 3. The average throughout loss of UEs outside the main lobe is about 5.7% when correlation level is 0. 
For some UEs whose locations are directed to the nulls of the signal unfortunately, they will suffer higher throughput loss than the average as shown in Table 3. However in reality these nulls are not so pronounced and are filled in with antenna imperfections and with reflections of strong signals close to the BTS, hence the EVM will not suffer the same level of degradation as shown by our simulation results.
Table 3 Average throughput loss for UE with worse performance in AAS system (down-tilt: 9deg)
	Correlation level
	Average throughput loss of users suffered throughput degradation due to the poor EVM (%)  (electrical down-tilt of 9 degree) 
	Average throughput loss of users suffered throughput degradation due to the poor EVM (%) ( mechanical down-tilt of 9 degree)

	0
	5.75
	4.45

	0.2
	5.08
	3.97

	0.4
	4.33
	3.34

	0.6
	3.29
	2.67

	0.8
	2.03
	1.86

	1
	0
	0


Furthermore, the AAS system throughput CDF with different EVM requirement, i.e. EVM of 12.5% per Tx link (Case a) v.s. 12.5% EVM per BTS in the main lobe (Case b) is evaluated, as shown in figure 7 and 8. The simulation results show that compared with Case a and Case c (12.5% EVM per Tx link), Case b (12.5% EVM in the main beam) have serious cell average throughput degradation of approx 30%, because the EVM per Tx link in Case b has been relaxed to 39.8% in case of the correlation level is 0, as shown in Table 4. With the degradation of EVM per Tx link, the cell average loss increases.
Table 4 Comparison of EVM per Tx link and per BTS in main beam
	
	Correlation level
	EVM per Tx link
	Combined EVM in the main beam

	Case c (legacy BS)
	1
	12.5%
	12.5%

	Case a (AAS BS)
	0
	12.5%
	3.98%

	
	0.2
	12.5%
	6.66%

	
	0.4
	12.5%
	8.54%

	
	0.6
	12.5%
	10.07%

	
	0.8
	12.5%
	11.4%

	
	1
	12.5%
	12.5%

	Case b (AAS BS)
	0
	39.8%
	12.5%
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Figure 7 Case a and Case b: AAS system throughput CDF (electrical down-tilt: 9deg)
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Figure 8 Case a and Case b: AAS system throughput CDF (mechanical down-tilt: 9deg)
2.4  EVM requirement

There are three options to define AAS EVM requirement, quite similar with AAS ACLR.

Option A: Specify x% EVM per Tx link;
Option B: Specify x% EVM for combined signal;
Option C: Specify y% for combined signal with assumption that the EVM per Tx link is x% due to partly correlated in-channel noise;
Among these options, Option A is preferred to ensure system performance. The reasons are:
1. For option B, the EVM requirement per Tx link is relaxed in the case of un-correlation or partly correlation, which leads to system performance degradation.
2. For option C, it is a reasonable way to describe the spatial characteristic of AAS EVM; however, it is difficult to specify the parameter y, which is related to the number of Tx link and correlation level depending on the implementation.
3 Conclusion
In this contribution, we provided statistic results for AAS EVM evaluation based on [1, 2]. According to the simulation results, an AAS specific means of defining and testing EVM is necessary.  
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