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1 Introduction
In RAN4#80bis the WF [1] was approved.  It was agreed that the minimum EIS is calculated according to a formula
· Minimum EIS = Conducted reference sensitivity – D + L
· L is a loss factor accounting for antenna losses, cable losses, integration losses etc.
· Conducted ref sens is rel13 value
· D represents the estimated minimum antenna directivity of a non AAS BS within the range of angles of arrival (that is part of the OSDD declaration), calculated using one of the options below.
2 options for setting D were identified:

·  Base D on a formula applied to the declared OSDD.
· Make a table of possible D based on BS class, number of sectors and possibly some other factors
· Contents of the table could be derived using the formula
This contribution further investigates these 2 options.

2 Discussion

One of the problems with translating the existing conducted minimum sensitivity requirement to an OTA requirement is the OTA performance (specified using EIS) is dependent on the directivity of the base station antenna. Unfortunately the directivity of the BS antenna is a parameter which varies depending on deployment.
For a wide area BS, the deployment may vary between an omni directional cell to 6 or more sectors.

In addition antennas are designed to cover a wide range of frequencies (1700 to 2700 MHZ is quite usual) and hence may have very different gain at the low end of the frequency range to the high end.

A brief look online can reveal antennas gives the following examples:

	description
	Freq
	Pol
	HBW
	VBW
	Gain

	
	low
	high
	
	
	
	

	Omni
	1700
	2700
	v
	360
	78
	2

	Omni
	1920
	2170
	v
	360
	7
	11

	3 sect
	1710
	1990
	x
	67
	36
	11

	
	1920
	2200
	x
	65
	31
	11.5

	
	2200
	2490
	x
	60
	25
	12.2

	
	2490
	2690
	x
	58
	25
	12.7

	3 sect
	1710
	1880
	x
	65
	3.7
	20.6

	
	1850
	1990
	x
	62
	3.5
	21.1

	
	1920
	2200
	x
	60
	3.3
	21.2

	6 sect
	1695
	1880
	x
	43
	7.8
	18.6

	
	1850
	1990
	x
	39
	7.3
	19.2

	
	1920
	2170
	x
	38
	7.1
	19.4

	
	2300
	2400
	x
	36
	6.4
	19.8

	
	2500
	2690
	x
	33
	5.8
	19.6


Table 1. Examples of outdoor BS antenna 
There is almost a 20dB difference between the highest gain and the lowest. Whilst it may be possible to argue that an AAS is unlikely to be omni directional (as beam forming is directional by nature), possible implementations should not be ruled out and up to this point a definition of an AAS which limits coverage has not been made.

2.1 Using a formula to estimate Directivity

The gain figures in Table 1 are gain not directivity so include some of the loss factor. Hence an estimate of directivity will not be the same as the gain figure quoted. However the delta between the 2 should be relatively constant and also give an indication of the antenna implementation loss.

It can also be seen that a simple description of the antenna (i.e. omni, 3 sector, 6 sector) is not enough to give accurate information about the antenna beam pattern or gain. The sectorisation description perhaps describes the azimuth performance of the antenna (omni ≈ 360°, 3 sector ≈ 65°, 6 sector ≈ 35°), however the elevation beam width also plays an important part. Example are give with a similar 65° azimuth beam width but with 2 different elevation beams widths 3.5° or 30° with almost a 10dB difference in gain.

Using an equation to estimate the equivalent antenna gain means that all possible combinations can be accounted for without an excessively large table.

Using the suggested eqn. in [2] to estimate a directivity based on the beam width

	description
	Freq
	Pol
	HBW (deg)
	VBW (deg)
	Gain (dB)
	D_eqn (dB)
	delta (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 2. Examples of BS antenna 
The delta figure contains an implementation loss figure (note it is always negative) for the antenna and also any error due to the equation. 

Two things can be noted:

· The loss tends to increase as frequency increases (although there are exceptions)

· The eqn. used estimates low for wider beams  - hence the no implementation loss is shown for the Omni with wide elevation beam. 

It is also important to note that for the examples give the beam width is discussed, this is ok as it refers to a passive antenna which has a beam in both UL and DL. In AAS where it is not defined where the beam is formed (if at all) it is not relevant o discuss beam widths but Range of Angle of Arrival (RoAoA).

2.1.1 Using OSDD to approximate beam widths

It has previously been suggested that the information in the OSDD could be used to approximate the equivalent beam width of a passive antenna for an AAS system.

The OSDD contains the following information [3] :

If the AAS BS is capable of redirecting the receiver target related to the OSDD then the OSDD includes: 

-
A declared minimum EIS level, the OTA sensitivity, applicable to all sensitivity RoAoA in the OSDD.

-
A declared receiver target redirection range, describing all the angles of arrival that can be addressed for the OSDD through alternative settings in the AAS BS.

-
Five declared sensitivity RoAoA comprising the conformance testing directions as detailed below.

-
The receiver target reference direction.

If the AAS BS is not capable of redirecting the receiver target related to the OSDD, then the OSDD includes only:

-
A declared minimum EIS level, the OTA sensitivity, applicable to the sensitivity RoAoA of the OSDD.

-
One declared sensitivity RoAoA.
-
The receiver target reference direction.
In both cases the RoAoA approximates the beam width of an equivalent passive antenna. 

The current OSDD contains a EIS value (declared) and the RoAoA, it is not clear that the RoAoA is the same as the 3dB beam width of an equivalent passive antenna, however as the 3dB beam width is the figure currently used as a figure of merit for passive antennas (and hence cell planning) it seems likely that 3dB would be used. 

Width a declared only set of parameters, it is advantageous to quote as low a EIS figure as possible for a required RoAoA so although it is possible it is unlikely that the 10dB point or more would be used to define the RoAoA. 

For the radiated requirement the RoAoA definition could be refined to state it was the 3dB point.

Once this has been done the RoAoA along with a suitable directivity estimation method (e.g. the 36000+ equation) could be used to estimate D.

Directivity is the figure given at the centre of the beam, if a RoAoA is used to represent the beam:
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Figure 1:
OSDD without target redirection capability

The directivity is only achieved at the centre of the RoAoA, at the extreme points the directivity is 3dB less (by the new definition of the RoAoA).

Hence the min EIS figure should be the calculated directivity -3dB.

It is possible that the centre point and the extremes could have different requirements, with the centre point using D (rather than D-3dB) however this then makes it difficult to define the range in between. A similar issue existed for the EIRP accuracy requirement in REL13. However as EIS is a threshold requirement using the same threshold over the entire range seems the more reasonable option.

The issues around using the OSDD for estimating D are further studied in [5].

2.2 Using a table for D

Using a table to estimate D is in many ways no different to using an equation. Both the table and the equation could be described as an algorithm. The difference between a table and the equation is one of complexity.

The equation uses 2 equivalent beams widths to estimate a value for D, based on the analysis of existing BS antenna types this seems a likely requirement. Hence the table must be at least 2 dimensions. 

The question is then what granularity is used in the table, clearly the most obvious beam widths should be included, but it can be seen from Table 2 that small differences in beam width can make significant variations in the estimate of D (e.g. a 2° difference in vertical BW from 11° to 13° can make a 0.7dB difference in the estimated directivity).

One advantage in using a table however is it is not necessary to curve fit an equation to a set of data, hence the error associated with the estimate achieved by the equation can be eliminated.

Another advantage of a table is that the L factor can be included. As has been identified L increases with frequency, but it also is likely to increase with antenna complexity (see §2.3).
These concepts are difficult to include in a equation based method but simple enough to include in a table. However the risk is the table, and the list of declarations required to use the table, will become unmanageable.

2.3 Estimating L

As described in the way forward 

· 
L is a loss factor accounting for antenna losses, cable losses, integration losses etc.
In this paper only the losses associated with the antenna itself have been discussed. Looking at the estimated losses for the example in Table 2.
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Figure 2. Estimated losses for example antennas over frequency

A number of points can be highlighted:

· The narrower the beam (in elevation and azimuth) the higher the loss.

· For 1 antenna the loss tends to increase with frequency but it is not guaranteed.

There would seem to be rational explanations for this based on the physical construction of  the antenna 

· An antenna with a very narrow beam in elevation is larger and requires a larger distribution network and more complex phase shifters, hence it will have a higher insertion loss than a smaller antenna with a wide beam in elevation.

· Loss of conductor etc are likely to increase with frequency which leads to the general downward trend, however radiating elements although wide band may be optimized for frequencies in the middle of the band (or at frequencies where loss is most important) .

Additional functionality could also affect loss such as:

· An antenna with RET functionality (analogous to redirecting the receiver target  in AAS) will include a mechanical phase shifter with associated loss, hence again L will be higher.

Of course the loss we wish to use for AAS is only an estimate and in most cases the AAS will not be constructed in the same way as passive antennas,  however distribution within the RDN and AA parts of the AAS as well as radiation efficiency of the elements should be taken into account.

2.3.1 Existing assumptions

The existing assumptions made for AAS include the antenna implementation loss in the gain figure for the element pattern.

In [4] the following is assumed

Table 5.4.4.2-1: Element pattern 

	Horizontal Radiation Pattern in dB 
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	Front-to-back ratio
	Am=30 dB

	Vertical Radiation Pattern in dB
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	Side Lobe lower level
	SLAv=30 dB

	Element Pattern 
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	Element Gain
	GE,max=8 dBi *

	NOTE:
For a type A10 antenna according to Table 5.4.4.2.1-1 8 dBi corresponds to 18 dBi array gain.


The actual directivity of the element pattern is 9.8dBi (using the 36000+ eqn gives 9.5dBi). However the element gain attributed is 8dBi. The loss is hence 1.8dB.

The same is true for the full array where the gain is set to 18dBi but the directivity is 19.7dBi (loss of 1.7dB)

Clearly from past work and from the results from looking at the examples in Table 2 the antenna implementation loss is between 1.5 to 2dB.

It should be noted though if extremely wide band systems are considered it may be necessary to have a larger implementation loss figure. As some of the antennas investigated with large band widths have a higher implementation loss than this at high frequencies.

3 Summary
This paper is further discussed the derivation of a directivity figure D and loss figure L to be used to derive a minimum EIS requirement.

For D the following points have been highlighted:

· For the directivity figure D, it has been noted that the figure must depend on both the horizontal and the elevation beam width. 
· A table with sufficiently small granularity for all possibilities would be very large.

· A table however at the points identified would not contain any errors (as an equation may).

· A table format may better capture varying antenna implementation loss (part of L).

· Equivalent beam widths for AAS can be estimated from the RoAoA declared in the OSDD, the RoAoA however should be clarified to apply to the 3dB points

· The min EIS (at the extreme directions of the RoAoA) is related to D-3dB.

· The min EIS at the centre of the RoAoA may be 3dB higher, but as the requirement is a threshold this is not necessary.

We have no strong preference to use a table or an equation; both seem to require knowledge of the equivalent beam width which can be extracted from the RoAoA declarations. At this time it seems that possible errors may exist in both methods and a simple equation to estimate the D figure is perhaps easier than agreeing; the table format, granularity, and values for each case.

For the L parameter only the antenna implementation loss part (LANT_IMP) has been studied in this paper and the following has been highlighted:

· LANT_IMP tends to increase with frequency but can be optimized for certain frequencies.

· LANT_IMP tends to increase with as the beam width decreases and antenna size/complexity increases

· Average LANT_IMP of the example antennas investigated was 1.5dB

· Previously LANT_IMP has been estimated at 1.8dB.

In order to avoid complexity it would if possible best to assume a single figure for antenna implementation loss, from the information studied this would seem to be between 1.5 to 2dB.

It should not be ruled out at this stage however that very wide band systems where the element efficiency may be poor at some frequencies may need to use a larger figure.
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