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1 Introduction
It has been agreed [1] that the minimum EIS requirement is calculated by a formula below:
Minimum EIS = Conducted reference sensitivity – D + L + Off-peak Margin

L is a loss factor accounting for antenna losses, distribution losses, integration losses etc.

Conducted reference sensitivity is rel13 value

D represents the estimated antenna directivity of a non AAS BS which has a beam pattern related to the AAS  BS range of angles of arrival (that is part of the OSDD declaration)

Off-peak Margin is to allow coverage for the declared RoAoA other than just in the peak direction, using the same estimated antenna pattern used to derive D.
However there are a number of open issues surrounding the derivation of the D figure in the calculation.
Should the non-AAS beam pattern used to derive D be linked to the RoAoA declarations.

What parameters bound the choice of non-AAS beam pattern, i.e. 3dB beam width, 10dB beam width or other…..

The translation of equivalent non-AAS beam pattern to D to be done by either table or equation (e.g. Elliott formula).

If the declared RoAoA concept needs to be updated, e.g. define the difference in EIS in dB between reference direction and edge of the RoAoA.
These issues are further discussed in this paper.
2 Discussion

2.1 REL13 EIS

The existing radiated sensitivity requirement in the REL13 specification requires a set of declarations which is grouped together in the term OTA sensitivity directions declaration.

OTA sensitivity directions declaration: set of manufacturer declarations comprising one or more EIS values (with related RAT and channel bandwidth), and the directions where it (they) applies

An example of the declarations for an OSDD are given in [3]
	Declaration identifier
	Declaration
	Used in requirements
	Notes

	D10.1
	OSDD identifier
	10
	OSDD 1

	D10.2
	OSDD operating band support
	10
	Band 1

	D10.3
	OSDD RAT support
	10
	E-UTRA

	D10.4
	OTA Sensitivity E-UTRA supported channel BW
	10
	5, 10, 15, 20 MHz

	D10.5
	Redirection of receiver target support
	10
	No

	D10.6
	Minimum EIS
	10
	-120 dBm

	D10.7
	Receiver target reference direction Sensitivity Range of Angle of Arrival
	10
	See figure F1-7

	D10.8
	receiver target redirection range
	10
	See figure XF17; redirection range and sensitivity RoAoA coincide

	D10.9
	receiver target reference direction
	10
	(0,0)

	D10.10
	Conformance test directions sensitivity RoAoA
	10
	See figure F1-7

	D10.11
	Conformance test directions
	10
	(-45,0), (45,0), (0,-20), (0,15)


 SHAPE  \* MERGEFORMAT 
Figure 1 From [3] Figure G-7 Example of a declaration of redirection range and conformance test points
for an AAS BS that performs all RX combining in baseband

The example is deliberately an odd shape to indicate that any shape is acceptable, it shows the Range of Angles of Arrival (RoAoA) over which the declared EIS is met:
sensitivity RoAoA: RoAoA within which the declared EIS(s) of an OSDD is intended to be achieved at any instance of time for a specific AAS BS direction setting
Currently the EIS value for this RoAoA is declared.

2.2  Non-AAS

A non-AAS system has a conducted reference sensitivity level mandated by the specification. When used in practice this is connected via some loss (cabling etc..) to an antenna.

In terms of 3GPP regulation the antenna may have any specification, however practically speaking the highest antenna gain possible is desirable, and it is expected that the antenna gain is related to the passive antenna beam widths.

Using the example antennas identified in [2]
	description
	Freq
	Pol
	HBW (deg)
	VBW (deg)
	Gain (dB)
	Estimated Directivity (dB)
	Estimated Loss (dB)

	
	low
	high
	
	
	
	
	
	

	Omni
	1700
	2700
	v
	360
	78
	2
	2.0
	0.0

	Omni
	1920
	2170
	v
	360
	7
	11
	11.6
	-0.6

	3 sect
	1710
	1990
	x
	67
	36
	11
	11.8
	-0.8

	
	1920
	2200
	x
	65
	31
	11.5
	12.6
	-1.1

	
	2200
	2490
	x
	60
	25
	12.2
	13.9
	-1.7

	
	2490
	2690
	x
	58
	25
	12.7
	14.0
	-1.3

	3 sect
	1710
	1880
	x
	65
	3.7
	20.6
	21.8
	-1.2

	
	1850
	1990
	x
	62
	3.5
	21.1
	22.2
	-1.1

	
	1920
	2200
	x
	60
	3.3
	21.2
	22.6
	-1.4

	6 sect
	1695
	1880
	x
	43
	7.8
	18.6
	20.3
	-1.7

	
	1850
	1990
	x
	39
	7.3
	19.2
	21.0
	-1.8

	
	1920
	2170
	x
	38
	7.1
	19.4
	21.3
	-1.9

	
	2300
	2400
	x
	36
	6.4
	19.8
	21.9
	-2.1

	
	2500
	2690
	x
	33
	5.8
	19.6
	22.8
	-3.2


Table 1. Example antenna performance with estimated directivity and Loss
We can see that by using the horizontal and vertical beam widths to estimate a directivity figure gives a strong relationship between antenna gain and horizontal and vertical beam widths.

Using the highlighted antenna as an example would give a sensitivity RoAoA declaration as follows:
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Figure 2. Example of RoAoA declaration using passive antenna.

Note the EIS in the example is calculated assuming a 2dB cable loss (-101.5+2-11.5-3 = -111dBm).

2.3 Comparing non-AAS and REL13 OTA EIS
Clearly there are similarities between the RoAoA declaration in REL13 and the passive antenna performance characteristics in the non-AAS system. However there are some differences:

The beam widths given in the passive antenna data are 3dB beam widths therefore it is simple to assume an off peak margin of 3dB. 

The REL13 AAS RoAoA and associated EIS have no requirements other than the declared EIS must be met over the declared RoAoA. The off peak margin in this case could be and value, although 3dB is usual for passive antenna beam width definition, it has been suggested that the 10dB beam width would be a more useful metric (for azimuth in a 3 sector site). However with the current requirement the value does not have to be known.

The non-AAS system also the antenna gain rather than directivity is known – so the antenna efficiency and internal losses do not have to be estimated. However the external (cabling loss is not know). How to derive the loss factor is dealt with in a companion paper [4].

2.4 Open issues

So addressing the questions raised in the WF [1].

Should the non-AAS beam pattern used to derive D be linked to the RoAoA declarations.

The goal of the AAS WI is to generate OTA requirements which offer the same protection and performance as REL13 AAS. This in turn was attempting to offer the same protection and performance as a non-AAS system. It seems clear that as there is a direct relationship between non-AAS OTA performance and the selected passive antenna beam widths and a strong link between passive antenna beam widths and declared RoAoA. The beam pattern used to derive D should certainly be linked to the RoAoA declarations.
What parameters bound the choice of non-AAS beam pattern, i.e. 3dB beam width, 10dB beam width or other…..

The obvious choice to bound the beam pattern (or RoAoA) is 3dB. This is the figure commonly used to define passive antennas so its meaning is well known. It has been argued in [5] that some other metric may be useful. The example of the 10dB beam width was given as that is the point where 65° beams used in 3 sector sites overlap. Whilst this may be useful there are a couple of points which argue against such a method:

· The example is for a 3 sector site in azimuth – whilst 10dB may be useful for this scenario is it the correct value for every sectorisation? Also is it the correct value in elevation.

· The example given in [5] used beam patterns which are derived using the element pattern equation in [3], the beams used are using a 65° 3dB beam width. If a different 3dB beam width were used then the point at which they cross would not be 10dB but something else.
· As mentioned in bullet 2, the patterns used are generated by a description of the 3dB beam width – if we change to another metric then the 3dB beam width would probably still be a figure which people use and hence it could be confusing.

· 10dB is quite a large number, if this is used as the off peak margin the target min EIS will be quite high so possible not as useful for estimating cell performance?

Whilst it is not really so important what parameter bounds the RoAoA, it is important that it is understood and consistent. For this the 3dB beam width seems the obvious choice we see no need to find an alternative.

 

The translation of equivalent non-AAS beam pattern to D to be done by either table or equation (e.g. Elliott formula).

The argument of a table vs. a formula for deriving D were discussed in [2]. Either method is acceptable as long as the inputs to each are agreed. The inputs should include:

· The boundary of the beam pattern or RoAoA (we believe this should be the 3dB boundary)
· Frequency (possibly absolute and frequency bandwidth)

· BS class

As long as this information is available as an input table or equation are both an algorithm which doing the same thing, translating these inputs into a D value to be used to calculate then min EIS value. Each has certain pros and cons.

· Table can use accurate values (no error introduced for the equation)

· Equation can cover all beam width combinations, table is discrete in nature so error will be introduced by step size. If all combinations of elevation and azimuth are included table could be very large.

· Table could also be used to have a different L value for different beam widths if required.

To some extent this question is dependent on the previous one, the equation estimates of D are based on 3dB beam widths, so if we use different metrics then the table method is probably a better approach. However we feel 3dB beam widths (or RoAoA boundaries) are the correct metric and hence using the equation is probably the simpler solution.
If the declared RoAoA concept needs to be updated, e.g. define the difference in EIS in dB between reference direction and edge of the RoAoA.

As stated the existing RoAoA concept does not specify the nature of the boundary, in order that the RoAoA can be equated to a directivity (equivalent to a beam covering the same area) then it is probably necessary to redefine the RoAoA so the boundary conditions of the declaration are clear. The boundary conditions would be where the directivity is ≤3dB lower than the peak directivity or the range over with the off peak margin is ≤3dB.
It is not necessary to check that the RoAoA declared meets this condition however, the RoAoA will give a coverage area over which a minimum EIS is met, as long as that EIS is met then the requirement is passed. For example

If the 3dB coverage area is larger than the declared RoAoA (i.e. the declare RoAoA is to small), then D will be larger and hence min EIS will be lower, or harder to meet, this in turn will make the requirements on the system NF harder. However if the requirement it is met within the range then this is not a problem to the network.

If the 3dB coverage area is smaller than the declared RoAoA (i.e. the declare RoAoA is to large, boundary could be for example 10dB). If this case then D will be a lower value and the min EIS will be higher, or easier to meet. However the edges of the RoAoA will be suffering more than 3dB off peak loss. 
Taking a 65° pattern
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Figure 3. Element pattern in azimuth
The 3dB beam width is 65° (as expected) but the 10dB beam width is about 120°


D65° ≈ 10dBi


D120°  ≈ 4.5dBi

D and hence min EIS drops by 5.5dB, however the loss at the edge of the RoAoA (the conformance test point) will have dropped by 10-3=7dB.

So once again the error makes the requirement on the NF of the system harder to meet. Once again if the requirement is met then it seems there is no problem with the actual system performance as it meets the required EIS over the declared range.

Hence the RoAoA should be defined with the assumption that the boundary has an off peak margin of 3dB, but this is not a requirement as it does not need to be tested.
3 Summary
In response to the pen issues this paper find the following:
Should the non-AAS beam pattern used to derive D be linked to the RoAoA declarations.

Yes
What parameters bound the choice of non-AAS beam pattern, i.e. 3dB beam width, 10dB beam width or other…..
Use the equivalent of 3dB beam with (or a 3dB off peak margin)
The translation of equivalent non-AAS beam pattern to D to be done by either table or equation (e.g. Elliott formula).

As ling as the correct beam widths / RoAoA boundary values are used as input either is ok, we have a small preference to the equation as it is simpler. The exact equation to be used id FFS.
If the declared RoAoA concept needs to be updated, e.g. define the difference in EIS in dB between reference direction and edge of the RoAoA.

The RoAaA declaration should be updated so the boundary is defined with the assumption as where the off peak margin is ≤3dB.
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