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1 Introduction
It has been agreed that the range 2 (>24GHz) NR BS will have only OTA requirements. Hence for requirements which are specified along with a specific direction (e.g. EIRP as opposed to TRP), the antenna gain must somehow be included in the requirement.
Sensitivity or min EIS is one such requirement. This paper discussed how the min EIS requirement is derived for eAAS (and range 1 NR BS) and whether this approach or a more simplistic one can be used for range 2.

2 Discussion

2.1 Background for eAAS (or Range 1 NR)

For below 6GHz (eAAS or range 1 NR BS), the operating bands used are in most cases already defined and have systems already using them. System parameters, cell patterns etc are hence to some extent fixed, a new system must operate within the existing network architecture.
The task for the AAS BS specification therefore was to offer the same minimum protection and performance as the existing (non-AAS) specifications. 

It should be noted that as existing (non-AAS) specifications are defined at the antenna connector then if the antenna (and antenna feeder network etc) change then the OTA performance changes. The conducted requirements were derived based on a set of assumptions which were mainly based around 3 sector sites.

If these assumptions were used however to generate a fixed OTA requirement then this would either create a requirement which was to easy (would not provide the same min performance) or would restrict previously acceptable architectures.

For example:
the assumption for a 3 sector site is that the antenna gain and feeder loss has a gain of approx 15dBi.
However an omni directional site may have an antenna gain less than this for example 10dBi
If the requirement is based on the 3 sector assumption it would be -101.5 -15 = -116.6dBm – in such a case an omni antenna could not be used – restricting implementation.

If the requirement is based on the omni it would be -101.5-10 = -111.5dBm – this would be a 5dB relaxation for the 3 sector case.

As this could not be resolved the eAAS min EIS requirement is based on the conducted REFSENS requirement and a variable gain value which is calculated based on the range of angels the receiver can operate over (analogous to passive antenna beam width) [1].
The min EIS is calculated as follows:

The minimum EIS value depends on the equivalent non-AAS directivity of the UL radiation pattern and can be calculated as follows:

Minimum EIS = Conducted reference sensitivity – D + LRX + Off-peak Margin
Where: 

· LRX is a loss factor accounting for antenna losses, distribution losses, integration losses, etc.
· LRX is 2dB for wide area BS
· Conducted reference sensitivity is the conducted reference sensitivity value in the Rel-13 TS 37.105 [3].
· D is the estimated antenna directivity of a non-AAS BS, based on the declared 3dB contour of the RoAoA (with respect to the reference direction). 

· The formula to estimate D is FFS.
· Off-peak Margin is to allow coverage for the RoAoA other than just in the peak direction, 
· The Off-peak margin is 3dB

2.2 Range 2 NR BS – OTA only

For range 2 NR BS there are a number of differences with range1:

· At mm wave frequencies it is accepted that beam forming gain is required to enable the system to operate. 
· There are no existing systems operating to which an equivalent level of minimum performance must be maintained.
· There are no conducted requirements.

It is therefore reasonable to assume a minimum antenna gain can be agreed and hence a minimum EIS can be agreed, this would greatly simplify the specification in range 2 and would be a truly OTA requirement which does not rely on calculations of antenna gain.
Of course in order to derive a reasonable OTA requirement RAN4 must make assumption and agree reasonable conducted and antenna performance parameters so that a min EIS can be agreed. So a similar equation as used in range 1 should be considered when deriving the fixed specification.
i.e.

Minimum EIS = Conducted reference sensitivity – D + LRX + Off-peak Margin

(eqn1)
So far there has been much discussion on the assumed noise figure for mm wave [2], but minimum antenna gain has not bee discussed so much.

2.2.1 Noise figure

The system noise figure of <6GHz systems is assumed in most cases to be 5dB, this figure will be higher for mm wave but the final decision has not yet been made. In [2] the following has been captured:

It is assumed that the performance differs less between UE and BS for mm-waves on transceiver level compared to lower frequencies below 6 GHz. The estimated NF for both BS and UE are used as same values for the ITU-R related coexistence simulations. 

Two sets of noise figure values have been used for the simulations, as shown below in Table 5.2.9-1.

Table 5.2.9-1: Two sets of noise figure values for coexistence simulations

	Frequency
	Set 1
	Set 2

	
	UE
	BS
	UE
	BS

	30GHz
	9dB
	9dB
	11dB
	11dB

	45GHz
	11dB
	11dB
	13dB
	13dB

	70GHz
	13dB
	13dB
	15dB
	15dB


The following noise figure values are finally agreed for reporting to ITU WP5D sharing studies, as shown in Table 5.2.9-2.

Table 5.2.9-2: Noise figure values for ITU WP5D response

	Frequency
	UE
	BS

	30GHz
	10dB
	10dB

	45GHz
	12dB
	12dB

	70GHz
	14dB
	14dB


These NF values in Table 5.2.9-2 shall be used only for WP5D response. Further study on the actual noise figure to be used to define RF requirements for UE and BS shall be performed in the WI phase. 

Whilst this parameter is of course very important, it is worth pointing out that as the mm wave receiver will have no conducted interface, without a defined interface it is not clear how to apply these values.
For example when deriving the min EIS in eqn1, the term LRX s used for distribution loss between the antenna elements and the conducted interface – with no conducted interface this L could be included in the NF or not!

Generally receiver noise figure is considered at the input to the band filter – perhaps this should be better clarified when dissing NF.

2.2.2 Directivity

So far for the co-existence simulation work a directional antenna as defined in [3] have been used
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Figure 1. BS antenna (for modelling)

For 30GHz the following was assumed:
· Dense urban and Urban macro: 
· Baseline: Only one panel is assumed, (NV,NH) = (8,16). 

· (dV,dH) = (0.5, 0.5)λ.

· An additional 3dB gain is added to the total beamforming gain to account for the two polarization directions. 
Element gain was set at 9.8dBi (including 1.8dB cable loss) or 8dBi (as was used in AAS)

Using the methodology in [3] which was used for the simulations this results in a D figures of :


10*log10(8*16) + 9.8 + 3 = 33.9dBi
(note as D the 1.8dB antenna efficiency/cable loss is not included)
This calculation is not strictly correct as using 0.5λ spacing results in an element which does not have as much as 8dBi gain (in previous studies 8dBi was attributed to elements which were 0.9λ).

The correct way to calculate directivity is:
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Using this on the simulated beam pattern for the array gives
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Figure 2. Azimuth and elevation plots for WP5D coexistence simulation BS antenna – 30GHz

Integrating the antenna pattern gives:

Dpattern = 26.3dBi, accounting for the 3dB added for diversity, this gives D = 26.3 + 3 = 29.3dBi

So the antenna gain in the co-existence simulations is overestimated by 4.6dB, this may be overlooked as much of the information collected is relative (ACIR, ACLR/ACS), however the reference sensitivity requirement is an absolute requirement so a similar error would result in a requirement which was unachievable.
Adding 3dB for the 2 polarisations only works if the transmitter on the other end of the link is using both polarisations to transmit. In such as case the 2 polarisations would add in the air to form a resultant polarisation with 2x the power. In LOS this is not really gain as the same could be achieved if double the power were transmitted on a single polarization. By using 2 polarisations it is ensured that all the energy from an unknown polarisation is received, so whilst it a reasonable gain to consider in a link budget it is not really the same thing as antenna gain.

The AAS EIS test method requires that polarisation is matched so that there is no additional loss (due to polarisation mismatch) when testing EIS. However no additional gain is added for it. As the polarisations are orthogonal they can be treated separately (MSR may be used instead of polarisation matching but the result is the same)

So if the WP5D antenna were considered the minimum required gain for a 30GHz NR BS (for example). The minimum antenna directivity should be 26.3dBi.
2.2.3 Loss
The Loss figure is intended to account for antenna element efficiency and distribution losses.

For eAAS a figure of 2dB is used for all wide area BS derived from:


Element pattern directivity = 9.8dB (integrated form 65x65 degree element pattern)


Element pattern gain (agreed based on performance from antenna supplier) = 8dB


LossEfficieny = 1.8dB

And an additional 0.2dB for distribution within the RDN and antenna array enclosure.

This is consistent with values from passive antenna arrays used at 2GHz.

In the WP5D analysis the same antenna element efficiency has been assumed, it should be considered if this is correct.

Loss is treated in 2 main parts

· Antenna efficiency i.e. the efficiency of the element, this may or may not include distribution within the antenna enclosure

· Distribution loss – loss in RDN beam forming networks and distribution between the TRX and the antenna part.

Care must be taken to ensure that what losses are quoted so that they are not counted twice. For example the 1.8dB assumed for the passive antenna includes internal distribution and beam forming but not distribution from the TRX to the antenna (cable losses etc). 

In addition for wide band antennas losses tend to increase, this is because the matching and beam forming are frequency dependent and the wider band the use case the more power will be lost to reflections and poor beam forming.

In AAS architectures where the beam forming is controlled then the beam forming losses can be minimized but the antenna element matching cannot be so easily removed.

Element efficiency

2GHz wide area antennas are (in general) designed for high efficacy and often use arrays cross polarised dipoles as radiating elements suspended over a stainless steel reflector. These manufacturing process come at a price, low cost antenna may use arrays of dual fed patch antennas which are printed on substrates. As patch antennas are printed on a substrate they are subject to higher substrate losses, lower Q’s (hence higher reflective losses) and also higher distribution losses in micro strip feeding networks etc.  Antenna for other BS classes however may not make the same trade-off between cost and performance, and patch antennas are far more likely to be used.

At mm wave frequencies the issues are the same but made worse as substrate and conductor losses are much higher , with It is well known that losses increase as frequency increases, antenna efficiency is due to losses in the conductors as dielectrics so will be higher. It is assumed that distribution losses will be minimized by placing transceivers as close as possible to the antenna elements, however that may not be enough to claim that a 30 GHz (or higher) should assume the same antenna efficacy loss as a 2GHz wide area antenna.
Distribution loss

It is assume that the distribution loss is close to zero as 1:1 architectures are used. If so then this loss can be ignored, however it should be confirmed that excluding such architectures is appropriate.

2.2.4 Off peak margin

The directivity figure D is quoted at the maximum directivity at the centre of the beam, if min EIS is to be tested only in this direction then off peak margin can be considered zero. 

For AAS a range of angle of arrivals (RoAoA) is declared which describe the range of angles which the system offers minimum performance, for min EIS this declaration is based on the 3dB contour. Compliance is then shown at the 4 extreme steering directions on 2 orthogonal axis.

This demonstrates not only the system ability to meet a min EIS but also how it can maintain it over a spatial range.

In the case of the antenna used for WP5D the 3dB contour would be bounded by the element 3dB pattern i.e. 80° in azimuth (ϕ) and 65° in elevation (θ).
2.2.5 Example

As an example if the WP5D co-existence scenarios and responses were considered as a minimum requirement (EXAMPLE ONLY)

At 30GHZ

NF = 10 dB

D = 26.3 dBi
L = 1.8 dB (based on element pattern definition)

Off peak margin =3dB (RoAoA = 80° in azimuth (ϕ) and 65° in elevation (θ)).

As the modulation and signal BW requirements for NR are not currently known, for the example I will use the E-UTR figures of:

BW = 4.5MHz, Eb/No = -1dB, Margin = 2dB

So the min EIS would be:
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3 Summary

As range 2 NR BS has an OTA only interface, there is no need to have a link between conducted and OTA performance in the same way as range 1. Range 1 uses a calculated antenna gain and hence min EIS requirement varies with declared RoAoA.
Range 2 NR BS requires antenna gain for the system to work so it is reasonable that a minimum OTA sensitivity requirement includes a minimum expectation of antenna gain whatever the RoAoA.

Antenna gain therefore does not need to be calculated and a fixed minimum EIS can be derived.

In deriving the minimum EIS requirement however the same calculation as used for AAS min EIS can be used. Each of the contributing factors has been described and will nee dto be agreed before a min EIS requirement can be finally found. These include:

· Conducted Noise figure

· Antenna directivity 

· Loss (distribution loss and antenna efficiency)

· Off peak margin

An example is given using the antenna characteristics from the WP5D work and E-UTRA signal BW and Eb/No requirements.
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