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1 Introduction
In the AAS OTA specification work there are 2 sensitivity metrics being defined:
· OTA sensitivity

· OTA Reference sensitivity

Both use EIS as a metric however they are different levels and are used to demonstrate different RF performance characteristics.

This paper further discusses these 2 parameters and their applicability to NT range 2.
2 Discussion

2.1 Background AAS

The goal of the AAS OTA work was to generate an OTA specification which offered the same performance and protection as the hybrid (conducted + OTA) AAS specification. The Hybrid OTA specification (REL 13) in turn had previously attempted to offer the same minimum protection and performance as a non-AAS system.
The non-AAS system OTA performance varies depending on the passive antenna it uses, specifically the gain/coverage range of the antenna. Hence the OTA AAS specification varies depending on the coverage range of the system in a similar fashion.

The AAS hence derives many OTA requirements by using declared coverage ranges, the intention being it will offer the same performance as the hybrid AAS (and hence the non-AAS) would.

As the hybrid AAS specifies the performance of each receiver unit at the TAB connector, when translating the levels to an OTA level the antenna element/sub array pattern and hence gain is used. The receiver sensitivity used in this instance can be considered the reference sensitivity.

The performance of each of the receiver units however does not give any indication of the performance of the AAS system. The OTA sensitivity is hence used as a minimum sensitivity. The minimum sensitivity capability of the receiver is a function of many things, 
· the antenna aperture (size) and hence its directivity,
· the number of the receiver units connected to the array, 
· the ability to optimize the addition of the signals from each of the receiver units,
· the performance of each of the receiver units individually.

As the performance of the receiver cannot be easily extracted from the declarations of coverage area or Range of Angle of Arrival (RoAoA) in the case of the receiver, the minimum sensitivity value is declared by the manufacturer.

In summary:

OTA Reference sensitivity – derived by the performance of each of the receiver units and the element/sub array gain. Used for the interference requirements only 1 per AAS (per band)

OTA sensitivity – or minimum sensitivity – declared by the manufacturer, valid over the declared RoAoA – multiple OTA sensitivity values may be declared for multiple RoAoA for the same AAS.  

2.2  NR Range 2
Minimum sensitivity for AAS ultimately attempted to offer the same performance as a non-AAS system covering the same RoAoA. For an AAS if this cannot be achieved then it is questionable what the purpose of the AAS is? 
However the goal of the AAS work to maintain equivalence with existing non-AAS conducted specifications meant that it was necessary to have a variable OTA requirement in order that the conducted requirement remained equivalent.

For NR range 2 where there are no existing conducted requirements and the specification will be OTA from the 1st release there is no need to maintain this methodology.

The minimum sensitivity therefore may be a fixed value with and expectation of a minimum antenna gain, this is further discussed in [1].

2.2.1 Interference

Reference sensitivity as the reference for the interference requirements is more complex, this is because the interference level is probabilistic, the following general rules can be applied:

· If the antenna beam is narrow – the worst case received interference power level may be high, but the probability of this occurring is low

· If the antenna beam is wide – the worst case received interference power level is lower, but the probability of it occurring is much higher.

Whilst NR range 2 will not have a conducted requirement, ultimately the OTA requirements impact on the conducted hardware design and it is important that this is feasible. Treating the BS as a black box therefore can lead to the following issue:

· If you assume the antenna beam is narrow to derive the OTA REFSENS value, but the antenna beam is wide, the conducted level is lower than expected 
· The OTA REFSENS requirement is tougher
· The Interference level is lower (easier)

· Overall the requirement could be thought of as easier

· If you assume the antenna beam is wide to derive the OTA REFSENS value, but the antenna beam is narrow, the conducted level is higher than expected
·  The OTA REFSENS requirement is easier

· The Interference level is higher (tougher)

· Overall the requirement could be thought of as tougher
Depending on implementation of the antenna elements and also the beam forming the correct antenna beam width for the interference would be anything between the narrowest possible beam and the element beam.
The 1st issue where the bema is wider than the assumed antenna gain can perhaps be discounted if we assume the reference sensitivity is linked to the minimum sensitivity, as if the beam is wider than the requirement for minimum sensitivity it unlikely this will be met.

The 2nd issue however could result in designs being limited to the maximum amount of antenna gain they apply – in terms of minimum sensitivity additional antenna gain is no problem as the requirement is a threshold – however  if this also results in excessive interferer levels then it could prevent the system having additional (useful) gain.

The missing component is that the narrower beam changes the probability of the interferer being subjected to the maximum gain – also that the wanted signal and the interferer are in the same location. 
Derivation of ACS avoids these issues as it examines the effect on throughput of the interfering signal rather than the blocking level alone, thus the impact of (a) the probability of large interferer and the small wanted signal being present at the same time is reduced (b) the probability of the large interferer and the small wanted signal being in the same direction is reduced.

In order to use a single reference sensitivity value therefore it seems likely that this would need to be taken into account in the derivation of the blocking level.

No doubt more consideration is needed on how the blocking interfere level is defined – however it seems that the reference wanted signal for the requirement should be linked to the minimum sensitivity as this provides a fixed threshold.

2.2.2 Examples

Assume that the blocking interferer provides 2 challenges to the receiver 

1) The linearity of the front end – for the purposes of discussion we will consider 3rd order linearity (2nd may also be an issue depending on RXU architecture)

2) The Dynamic range of the ADC

Using figures from LTE as way of example

Wanted signal is -101.5+6 = 95.5dBm

Blocking Interferer is =46dBm
Now consider a number of cases:

1) The element pattern is used to set the OTA requirement of both wanted and interferer

2) A narrow array pattern is used to set the OTA requirement of both wanted and interferer

3) A narrow array pattern is used to set the OTA requirement of the wanted and the element pattern is used to set the level of the interferer

The IP3 of the receiver unit and the TX leakage (used to mix with the interferer to assess effect on sensitivity) are fixed values for all cases so the difference can be seen more clearly.
The 2 results highlighted below are the difference between the interferer and the wanted signal which will affect the required dynamic range of the converter and the difference between the wanted signal and a 3rd order product

	 
	conducted
	case 1
	case 2
	case 4

	 
	 
	 
	 
	wanted
	block

	theta (deg)
	 
	60
	60
	60
	60

	phi (deg)
	 
	10
	60
	10
	60

	10Log(BW*BW) (dB)
	 
	27.8
	35.6
	27.8
	35.6

	Estimated antenna gain (dBi)
	 
	12.3
	4.5
	12.3
	4.5

	EIS_REFSENS (dBm)
	-101.5
	-113.8
	-106.0
	-113.8
	 

	EIS wanted (dBm)
	-95.5
	-107.8
	-100.0
	-107.8
	 

	P block (dBm)
	-46
	-58.3
	-50.5
	 
	-50.5

	 
	 
	 
	 
	 

	delta (dB)
	-49.5
	-49.5
	-49.5
	-57.3

	 
	 
	 
	 
	 

	IP3 (dBm)
	 
	-15
	-15
	-15

	Residual Tx in Rx front end (dBm)
	 
	-40
	-40
	-40

	worst case IMD (dBm)
	 
	-108.3
	-100.5
	-100.5

	margin over EIS wanted (dB)
	 
	0.5
	0.5
	-7.3


Note. as the tone to the IMD calculation are not equal the IMD products are given by PIM=PTX-2(IP3-Pblock) and PIM=Pblock-2(IP3-PTX), as the TX signal is larger and fixed the worst case IMD is moving 1:1 rather than 2:1 with the level of  Pblock  .

It can be seen that if the same gain are assumed to derive the wanted signal and the interferer are assumed then whilst the levels of the OTA REFSENS and the interferer vary, as they vary together both the required dynamic range for the ADC and the effect of the IMD product are the same, however if a different antenna pattern is used to derive the interferer and the wanted signal (in effect talking the worst case form case 1 and case 2) then both the dynamic range requirement is larger and the margin over EIS becomes negative (i.e. to pass the IP3 would need to be higher).
So as long as the same antenna gain is assumed for both the wanted signal and the interfering signal the impact on the hardware is not great (this is assuming all levels are well below the compression range of any of the receiver unit devices). However if different antenna gain assumptions are used for the wanted and the interfere signal this is then changing both the dynamic range and the linearity requirements and should be considered further.

As long as the difference between the wanted signal and the interferer is held constant the actual the actual reference sensitivity level is hence not so important – hence it seems reasonable to base it on the minimum sensitivity level as we have in the past minimum sensitivity +6dB seems reasonable.

If it is decided that the antenna gain assumed for wanted and the interfere is different it may be necessary to reconsider this and have an independent RESENS level.

3 Summary

The issue of minimum sensitivity and reference sensitivity has been discussed, inevitably reference sensitivity cannot be discussed without also considering the interference requirements.
It has been assumed that minimum sensitivity will be based on a minimum antenna gain requirement (possibly with some variation for different deployments) and hence a fixed OTA minimum sensitivity can be derived.

The problem with using the probabilistic method of identifying blocker level without considering the effect on the wanted signal has been highlighted. If a black box requirement is to be achieved which does not vary with BS architecture then it may be necessary to reconsider the approach of considering blocking interference level and wanted signal level separately, also the assumption that they are in the same location.
By use of example it has also been investigated that if the difference between the OTA wanted signal level and the blocking interference level is maintained (i.e. the same antenna gain assumption is used for both), then it is not so important what antenna gain is assumed. Hence it is reasonable to use the minimum sensitivity level as a reference and use an offset as is done today (i.e. OTA min sensitivity +6dB)

If it is assumed that different gains are applied to the wanted signal and the blocking signal then it is necessary to reconsider this conclusion.
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