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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.
In this contribution L the loss factor is discussed and a possible range of values is proposed.
2 Discussion

It has been agreed that the loss factor includes antenna losses, distribution losses, integration losses etc. Clearly these losses have the potential to be implementation dependent and to vary considerably.  Assuming a high loss will make the EIS value higher (and hence the requirement is easier to pass) and will adversely affect the performance of the AAS BS in the network (cell range is smaller, average UE power higher etc..). Assuming the loss is very low will make the EIS value lower (and the requirement harder to pass) which is good for performance but risks a negative impact on implantation feasibility and cost.
If we are to use a single figure for loss factor then the task of agreeing a reasonable figure is likely to be one of compromise when considering potential architectures, antenna implementations, frequencies, BS classes etc..
2.1.1 Antenna efficiency

When discussing antenna efficiency and internal distribution loss it’s difficult to distinguish which is which, this is particularly difficult when looking at a passive array antenna and an AAS.

Inside an passive array, there are cables to distribute the signal to the different elements, splitters and RF phase shifters to apply the beam forming, as well as element efficiency covering any losses in the element itself (due to resistance, dielectric losses, matching etc). For a non-AAS system this would all be regarded as part of the antenna efficiency and distribution losses would be for the connection between the transceiver and antenna connector and the antenna input.  For an AAS the interface between the transceiver units and the antenna elements is likely to be closer, the architecture allows for a radio distribution network which could be anything from a 1:1 mapping to an analogue beam forming network similar to a non-AAS passive antenna. 
So care must be taken that we are not counting losses twice when studying a reasonable loss for the AAS minimum EIS.

Currently for AAS we have always assumed a simple element pattern with 65° beam width in azimuth and elevation and 8dBi gain.
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Figure 1. Element pattern in azimuth
The 8dBi gain for this element pattern was agreed in the AAS WI, and is based on the element being used in an array with 0.9λ spacing between elements.

The actual directivity of the element pattern shown in Figure 1is ≈ 9.8dBi rather than 8dBi, whilst not explicitly stated this implies a 1.8dB loss to account for antenna efficiency is assumed.
This figure also works when applied to the array used in the AAS work which was a 10 element array with 0.9λ spacing. The gain assume in all work was 18dBi but the actual directivity of the beam pattern is 19.7dBi.

As the loss is the same for the element and the array – it seems this figure was intended to cover all the losses inside as passive antenna of this type (i.e. internal distribution, phase shifters, element efficiency etc..)

So we gave already been assuming that we have a loss due to antenna element efficiency and internal distribution loss of 1.8dB.

Looking at the same set of passive antennas used 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
It can be seen that based on these few examples that the value of 1.7-1.8dB used in previous work was a reasonable middle value.
2.1.1.1 Frequency

In general when it comes to loss in conductors and dielectrics then the loss increases as the frequency increases so losses due to this will increase as frequency goes up. However antennas are resonant structures and are designed for a certain frequency, hence the loss does not always following an increase in loss with higher frequencies. 
The loss hence has a dependency on frequency but also usable band width of the antenna element.
With passive antenna’s it has become natural to expect that wide band antennas do not have such high efficiency as single band antenna’s. However when transferring this to a minimum requirement it is not desirable to have a frequency dependent and a bandwidth dependent loss factor. 
2.1.1.2 Element technology

As power and radiation efficiency is so important in a BS, most BS antenna’s use arrays of dipoles suspended over a reflector. This structure offers good performance and antenna element efficiency in addition coaxial feeds are used to drive the elements also offering low loss. However it is likely that as the number of elements increase that element technology may change, elements will be closer together and are more likely to be printed on PCB’s, these patch antennas are not as efficient as dipole antennas and hence may have a lower loss.

That said it is likely that if many AAS elements are implemented on a PCB then the receiver units will also be located closer to the elements and this may balance out the additional loss of the distribution medium.
2.2 Distribution loss 
In a non-AAS context then this would be attributed to the cabling and any mast head equipment being used.

In AAS it has already been established (in REL13 WI) that any fair comparison of such losses would be with a masthead mounted receiver rather tan one requiring 50m of cable (for example). Hence in AAS only a small amount of distribution loss should be considered.

Furthermore with the all OTA AAS systems, there is of course the further assumption that there are no connectors present and this implies no cables.

It should not however be mandatory that receiver units are placed directly on every antenna element and hence some accounting for loss must be made. 

In the previous section looking at antenna efficiency however we discussed than such losses are already accounted for in the efficiency figure we have assumed for non-AAS passive array antenna’s . Hence we should not include such internal losses twice.

2.3 BS class

In medium or local area AAS it may be that due to the size of the systems different antenna technology will be used and as such will have higher loss. Of course at the same time I f the systems are smaller then any internal distribution losses will be smaller. However in medium range and local area requirements the noise figure required is perhaps not the important parameter but the dynamic range.

Currently the as the BS class changes then the sensitivity level and the blocker level both increase to account for the cells being smaller and the blocking UE’s being closer to the BS.

The delta between   the sensitivity and the blocker level is in general fixed. For example for 10MHz E-URA

Class




Ref Sens.

Blocking level


Wide area



-101.5dBm
-43dBm

Medium range

-96.5dBm

-38.5dBm


Local area



-93.5dBm

-35dBm

The delta in each case being 58.5dB.

The design challenge in each case therefore is the dynamic range of the signals, only in the wide area case is the challenge one of low noise figure. 

As the delta between sensitivity and interference level will be defined OTA then if the loss is higher both the sensitivity level and the blocking level will change.

In the wide area system where the noise figure is very low and hence challenging to achieve is it imperative that the loss figure is not too high. However within reason if the wide area figure is used for the medium range and local area systems it is not likely to cause many issues even if the loss figure used is not optimum.
3 Summary
In this paper we have highlighted the following:

· For some time in simulations we have been assuming a element/array efficiency of 1.8dB. For a passive antenna this includes the internal distribution losses inside the antenna.
· The current assumption on antennal loss (1.8dB) is a fair ‘average’ based on analyzing a small number of passive antennas, however may be too low for antennas at high frequencies or with large RF band widths.
· If the requirement is not to exclude certain frequencies and/or bandwidths then the chosen value may have to be greater than 1.8dB or adjusted based on other declared parameters (either frequency of operation, band width or both).

· For an AAS which is likely to require an all OTA requirement there are unlikely to be any additional external distribution losses.

· As the wide area system has the strict NF requirements, it is this which should set the L figure, the other classes can use the same figure.

We propose therefore to find a suitable value for L by considering the antenna internal distribution loss and the radiating element efficiency. This can either be done by using figures from existing passive antennas or by estimating values based on estimated AAS architectures and components.
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