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1 Introduction
In the last meeting [2] was presented where the possibility of using a proximity based requirement for the interfering signal in the IMD requirement was raised. This is based on using the OTA nature of the OTA requirements to test not only the linearity of the AAS BS but also the isolation assumption which has previously been used to derive the blocking level.
A similar issue was raised in [1], where the level of the UEM in the various co-location receive bands was discussed. This requirement is also based on the same 30dB isolation assumption.

This contribution further discussed the issues around a proximity based IMD requirement.
2 Discussion

During the REL13 work the 30dB isolation figure was investigated in an attempt to see if it was suitable to apply to the AAS BS. As the figure has been used for so long it proved difficult to get a definitive answer on the parameters of its derivation.
As the REL13 AAS maintained the conducted interface, it was decided to continue with the same requirement per TAB connector as the existing non-AAS requirement i.e. 30dB below the wanted power. 

As the OTA requirement must be applied at a system level rather than per TAB connector (or transmitter unit) this assumption must be readdressed.

2.1 Cases with 30dB isolation

As stated it has proven difficult to find a definitive answer to the choice of 30dB to represent the isolation. However there is number of documented cases which approach this figure

2.1.1 Case 1

In TR 25.942 [3] sub-clause 10.1 the following scenario is presented:
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Figure 1. Scenario described for antenna to antenna isolation in [3]
The isolation is calculated by:
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R is 10m. The antenna gain is calculated from the 15dBi, 65° HBW antenna used for simulations. At 35° the gain has droped by approx 3.5dB, so:
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This is perhaps a contrived scenario, as it is unlikely that 2 antennas would be placed so close to each other and would be pointing at each other. 
It is important to consider if this scenario should be considered when investigating the isolation.

2.1.2 Case 2

A more often considered scenario is when 2 antennas are placed on the same tower in close proximity. These scenarios were considered in [3] and the results referenced from [4]. 









I (90°)
II (120°)
III (180°)
IV (Horizontal)
V (Vertical)

Figure 2.
The different configurations used during the measurements. d denotes the displacement

In this case practical measurement results were provided, most of the results were much greater than 30dB. The only placement which came close was configuration IV where the antennas were horizontally next to each other (side on).
[image: image4.emf] 

25

30

35

40

45

50

55

60

65

70

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

Distance (m)

Minimum isolation (dB)


	
	Antenna
	Horizontal beamwidth
	Gain
	Polarisation
	Frequency band

	Vert. Pol
	A
	65º
	18 dBi
	Vertically linear
	1710 – 1880 MHz

	
	B
	90º
	16 dBi
	Vertically linear
	1710 – 1880 MHz

	
	C
	90º
	17.5 dBi
	Vertically linear
	1710 – 1880 MHz


Figure 3.  Results from measurements of the isolation between vertically polarised antennas (A-C, magenta, cyan, yellow respectively, mounted in configuration IV Horizontal separation).

It can be seen only 1 of the antennas at a separation of <0.5m has as little as 30dB isolation. Note distance is from the centre of the antenna to the centre of the antenna (not edge to edge) so these 2 antennas would be almost touching.
2.1.3 Case 3

If an antenna uses cross polarised elements, then they are generally used to achieve polarisation diversity.

Crossed polarised elements will have 25 - 30dB isolation. 

However it is unlikely that two adjacent systems (on a different frequencies) would be deployed on different polarisations of the same antenna element.
2.2 OTA requirements
There are 2 options when introducing an OTA blocking signal:

1. Use knowledge of the antenna gain to provide a signal at the equivalent of the conducted interface at a level at the current level of -30dB with respect to the output power.

2. Design a requirement based on proximity of antennas to mimic real-like conditions.

2.2.1 Equivalent conducted requirement

The existing conducted requirement is applied at the TAB connector. The level is based on the power at each TAB connector.

As each TAB connector is considered individually then no spatial parameters are considered.

As this moved to an OTA requirement then it is not possible to separate the signals from each TAB connector, so the total will be larger, but also subject to beam forming.

Consider the following example:
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Figure 4. Example of IMD levels translated to OTA, 10 antenna element column AAS BS
In the example a few things can be noted:
· To get 0dBm Pint at the individual TAB connector, the OTA signal should be 0dBm – 8dBi + PL = -8dBm, 

· As the same level is transmitted to each element simultaneously the level does not need to be multiplied by the number of elements (or transceiver units).
· The wanted signal EIRP is based not on the element pattern but on the beam formed pattern.

· There is no (simple) relationship between the EIRP level and the wanted interferer level.
In order to be able to get the equivalent conducted power at the output of each transceiver it is necessary to know:
· The total radiated power - this is available at least via the ACLR requirements so is not a problem.

· The number of transceiver units - this violates the black box nature of the specification, however it is possible that the number of active transceiver units may have to be declared for the emissions scaling [5], so this may not be a problem.

· The element gain pattern -  this is not easily available – as with the RX it may be possible to estimate some sort of equivalent gain based on the declarations (beam widths are based on the beam formed beam width, but the steering range may be an indicator of the element pattern). This requirement however adds some difficulty.
The OTA interferer level can be found by:
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Hence there is a number of difficulties in specifying the interferer in this way.
2.2.2 Direction based requirement

As the requirement is OTA and the nature of the parameter being tested is also OTA, it seems natural to use that fact to simplify the requirement.

If Case 1 (§2.1.1) is taken as the typical use case then this would involve placing an interferer at a fixed offset from the DUT with a fixed (or calibrated) distance. 
Using the example with a 40dBm wanted power:
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Figure 5. Scenario described for antenna to antenna isolation in [3] – power levels based on 40dBm wanted power

As the gain from the DUT is part of the test this does not need to be included in the calculation. An assumption would be needed on the gain of the interferer however, it would seem reasonable to use the assumption previously used.
The interferer would therefore be defined at a 35° angle from boresight (or reference direction) with a power level of: 


Pint = PTotal_Radiated + 11.5 – 53 (dB)

This is practically the same requirement which is derived in the example in §2.2.1 (difference between the assumed antenna gain and the actual element gain explain the difference). This is of course reasonable to expect at the systems being analyzed are the same (i.e. single column, 10 element, 65° HBW antennas).
2.2.3 Proximity based requirement

Alternatively if it is considered that Case 2 (§2.1.2) is taken as the typical interference scenario then it is only necessary to place a reference interference antenna at a proximity close to the AAS BS under test.

If it assumed that the dominant source of interference for the IMD requirement is from co-located antennas, then the interferer is not coupled by the far field and the gain of the antenna may not be relevant. If coupling of the interferer is via the near field then accurate calibration of PL and antenna gain are not so relevant. The important parameter is the leakage when 2 antennas are placed next to each other. 

This method uses the nature of the OTA requirement to test this directly.

[image: image8.emf]DUT

Measurement 

Equipment

REF interference Antenna

d

Interferer 

Power

Shielded Anechoic Chamber


Figure 5. Test set up for Case 2 proximity based requirement
In such a scenario the following needs to be known:
· Distance of the reference interfering antenna needs to be defined (approx 0.5m seems a reasonable 1st assumption). 

· The reference antenna itself – this could be a fixed design (i.e. the 65° 5dBi antenna we use in simulations) or it could be based on the nature of the BS (class, cell coverage, etc.).
· The total output power of the AAS BS under test as this acts as a reference for the interferer power.

This technique has a number of advantages:
· It is black box – all that is needed to be known is the Total output power, which as discussed is available at least via the ACLR measurements.
· It does not require measurements in the Far field or use of a calibrate CATR or near filed range etc. This is important as the IMD requirement requires measurement of the whole frequency spectrum not just the wanted band. The test therefore must be suitable for such measurement to be made. The shielded anechoic chamber seem the most likely for this.

3 Summary
The background of the 30dB isolation assumption used for the IMD interferer level definition (and other requirements) has been studies, and 3 possible sources have been identified. 
Based on these derivations several different methods of applying the interferer level in an OTA requirement have been investigated:

1. Using information about the antenna array to ensure the same conducted requirement is applied at the equivalent conducted interface as in the REL13 specification

2. Using the coupling scenario where 2 antennas are pointing at each other with a 10m separation

3. Using the coupling scenario where 2 antennas are placed next to each other in close proximity.

Option 1 whilst attempting to apply exactly the same requirement as the existing conducted requirement requires information which is not easily available from the existing declarations, as such the black box principle is severely compromised.
Option 2 provides similar results to Option 1 if the reference scenario is used but once the AAS architecture changes then the level will vary.

Both Option 1 and Option 2 rely on far field calibration of the interferer signal level so would need a calibratable range.

Option 3 has the advantage that it requires little to be known about the AAS under test and it does not require an accurate calibration of the interfering signal in the far filed so it can be done in a SAC of the type suitable. Option 3 also seems to be a more realistic scenario of the interference which is likely to occur in co-located systems.

Whilst at this stage we have no firm preference for any of the options, clearly Option 3 has a number of advantages which should be explored further.
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