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Introduction
According to the WF [1], the formula OTA sensitivity defines the minimum EIS as follows:
· Minimum EIS = Conducted reference sensitivity – D + L + Off-peak Margin 
We know that the antenna GAIN can be calculated form D and L. And almost very vendors supply antenna specifications including, GAIN, HBW, EBW. So in this contribution, we check some proposed formulas for estimating D factor, together with the L factor, to verify how these formulas fulfil the real specifications of antennas. And we found out that none of them can cover all the types of the antennas.
And we propose a potential method to measuring the D factor for accurate evaluation of the AAS system. Also we propose a method to measure the D with no cost or a little more cost.
Discussion
2.1 Formulas to estimate Directivity
According to documentaries, people want to estimate directivity and gain accurately. Many simple formulas are available for estimating antenna gain. And these formals consist of some constants, HBW, EBW, such as:

 
DB (Directivity Beamwidth Product) is similar to the gain-bandwidth product that is commonly used to characterize circuit devices. Here are some examples shown in table 1[2].
	Case
	Antenna Type
	Directivity Beamwidth Product

	1
	No-sidelobe pattern, rectangle beam
	41235

	2
	No-sidelobe pattern, conical   beam
	52525

	3
	Uniform rectangle aperture
	32383

	4
	Cosine-uniform rectangle aperture
	35230

	5
	Uniform circular aperture
	33709


Table 1 Directivity-beamwidth product for use in directivity estimation
Form the table 1we noticed that every DB has its application range, which again explains why each formula alone cannot satisfy all types of antenna.
For simplification, we choose case 1, 3 and 36000+ model [3] for verification.
36000+ model:	D = 10*log10(36000/( ABW*EBW)+0.3)
2.2 Error analysis for estimate Directivity and fixed L
Here are some commercial antennas specifications for data examples which are described in Table 2 and 3.
The antennas in Table2 and Table3 are divided into two sets according to frequency band. In order to add samples, we also involved some antennas from other contributor [4], and listed in Table4. Columns from 2 to 5 are the measured data of the antennas supplied by vendors. Columns from 6 to 8 are estimated directivity form different formulas.

	SET1
	Freq MHz
	Gain dB
	HPE 
degree
	HPH
degree
	Case1
Estimated D dB
	Case3 
Estimated D dB
	36000+
Estimated D dB
	L dB

	Ant 1
	2200-2490
	18.8
	62
	4.3
	20.84
	21.89
	21.31
	2

	Ant 2
	2200-2490
	16.6
	60
	9
	17.78
	18.83
	18.26
	2

	Ant 3
	2300-2500
	18.6
	65
	5.3
	19.73
	20.78
	20.2
	2

	Ant 4
	2300-2500
	18.1
	62
	5.5
	19.77
	20.82
	20.25
	2


Table 2 Parameters for SET1 antenna and estimated directivity
	SET2
	Freq MHz
	Gain dB
	HPE 
degree
	HPH
degree
	Case1
Estimated D dB
	Case3 
Estimated D dB
	36000+ 
Estimated D dB
	L dB

	Ant 5
	1920-2220
	18.7
	65
	5
	19.98
	21.04
	20.46
	2

	Ant 6
	1920-2220
	16.2
	64
	10
	17.04
	18.09
	17.5
	2

	Ant 7
	1920-2180
	18.3
	69
	6.1
	18.86
	19.91
	19.33
	2

	Ant 8
	1920-2180
	17.4
	67
	6.6
	18.52
	19.57
	18.99
	2


Table 3 Parameters for SET2 antenna and estimated directivity

	SET3
	Freq MHz
	Gain dB
	HPE 
degree
	HPH
degree
	Case1
Estimated D dB
	Case3 
Estimated D dB
	36000+
Estimated D dB
	L dB

	Ant 9
	1710-1990
	11
	67
	36
	19.98
	21.04
	20.46
	2

	Ant 10
	1920-2200
	11.5
	65
	31
	17.04
	18.09
	17.5
	2

	Ant11
	2200-2490
	12.2
	60
	25
	18.86
	19.91
	19.33
	2

	Ant 12
	2490-2690
	12.7
	58
	25
	18.52
	19.57
	18.99
	2

	Ant13
	1710-1880
	20.6
	65
	3.7
	10.33
	11.28
	11.83
	2

	Ant14
	1850-1990
	21.1
	62
	3.5
	11.11
	12.06
	12.59
	2

	Ant15
	1920-2200
	21.2
	60
	3.3
	12.39
	13.34
	13.86
	2

	Ant16
	1695-1880
	18.6
	43
	7.8
	12.54
	13.49
	14.00
	2

	Ant17
	1850-1990
	19.2
	39
	7.3
	20.34
	21.29
	21.76
	2

	Ant18
	1920-2179
	19.4
	38
	7.1
	20.79
	21.74
	22.21
	2

	Ant19
	2300-2400
	19.8
	36
	6.4
	21.19
	22.14
	22.60
	2

	Ant20
	2500-2690
	19.6
	33
	5.8
	18.9
	19.85
	20.32
	2


Table 4 Parameters for SET3 antenna and estimated directivity
After calculate the estimated D, the difference between the real gain and estimated gain can be get below:


The gain errors for SET1,SET2 and SET3 are listed in TABLE 5.
	ERROR
	Case 1 model
	Case 3 model
	36000+

	Ant 1
	0.04
	1.1
	0.54

	Ant 2
	-0.82
	0.23
	-0.34

	Ant 3
	-0.87
	0.18
	-0.34

	Ant 4
	-0.32
	0.7
	0.15

	Ant 5
	-0.72
	0.33
	-0.24

	Ant 6
	-1.15
	-0.11
	-0.68

	Ant7
	-1.43
	-0.39
	-0.97

	Ant 8
	-0.88
	0.17
	-0.44

	Ant 9
	-0.67
	0.28
	0.83

	Ant 10
	-0.39
	0.56
	1.09

	Ant 11
	0.19
	1.14
	1.66

	Ant 12
	-0.16
	0.79
	1.30

	Ant13
	-0.26
	0.69
	1.16

	Ant14
	-0.31
	0.64
	1.11

	Ant15
	-0.01
	0.94
	1.40

	Ant16
	0.29
	1.25
	1.72

	Ant17
	0.41
	1.36
	1.83

	Ant18
	0.44
	1.39
	1.86

	Ant19
	0.73
	1.68
	2.15

	Ant20
	1.73
	2.68
	3.15

	Error range
	[-1.43, 1.73]
	[-0.39, 2.68]
	[-0.97, 3.15]


Table 5 error calculation for SET1 antennas
According to the gain error results, we can figure out that the calculated gain due to estimated D and fixed L has big error between real values. None of the three formulas can satisfy all the antennas. So it is difficult to use formula to cover all kinds of antenna.
 The measurement method of non AAS antenna is complete and mature. For such a accurate measurement system, using formulas to estimate the D leads to unknown errors for different types of antenna. As for AAS, the D factor is depended on the declared ROAOA, which may be irregular and dissymmetric compared to non AAS pattern. So how to make sure the formula shall be chosen in such a way that it will never overestimate the directivity is difficult. 
Oberservation1: Using formula to estimated D factor has different errors for different types of non AAS antenna; this is the same for different ROAOA of AAS.
Oberservation2: One uniform formula may involve big error. Consideration should be taken to analysis how much error can be accepted.
2.3 Directivity measurement method
In this contribution, we provide another solution to get the directivity.
The ACLR requirement is defined as TRP measurement of both in channel and co-channel radiated power [5].
This provides a lot of chance to measure different kind of specifications of the AAS system.
When performing ACLR test, the EIRP and the TRP can be obtain at the same time. According to the antenna theory, the directivity of the transmitter antenna can be defined from the formula in dB [6]:


For TDD AAS system which transmitter and receiver have the same connection relationship with antenna, the transmitter and receiver share the same antenna at the same frequency band. Under this condition, the antenna is totally reciprocal. The directivity is the same for both transmitter and receiver.
Proposal 1 For TDD AAS system which transmitter and receiver have the same connection relationship with antenna, the directivity for EIS can be got from transmitter test.
For FDD system the antenna and TDD system which transmitter and receiver have the different connection relationship with antenna, the system is not wholly reciprocal. The receiver directivity can be tested during ALCR measurement. 
The method is similar to the transmit antenna directivity measurement. For receive antenna, the radiated power should changed to received power or sensitivity. Of course, the second one will consume a huge of time.




Proposal 2 For FDD system the antenna and TDD system which transmitter and receiver have the different connection relationship with antenna, the directivity for EIS can be tested during transmitter ACLR test by measuring the antenna directivity directly.
Conclusion
In this contribution, we analysed three formulas for estimating D factor of EIS. It can figure out that none of the formula is suitable for all kinds of non AAS antenna; this is the same for the ROAOA of AAS. 
Oberservation1: Using formula to estimated D factor has different errors for different types of non AAS antenna; this is the same for different ROAOA of AAS.
Oberservation2: One uniform formula may involve big error. Consideration should be taken to analysis how much error can be accepted.
So we suggest another method to get directive for a potential plan.
Proposal 1 For TDD AAS system which transmitter and receiver have the same connection relationship with antenna, the directivity for EIS can be got from transmitter test.
Proposal 2 For FDD system the antenna and TDD system which transmitter and receiver have the different connection relationship with antenna, the directivity for EIS can be tested during transmitter ACLR test by measuring the antenna directivity directly.
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