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1 Introduction
The WF [1] from the last meeting listed a number of issues concerning EMC for all OTA AAS, proposal 5 suggested further investigating the interference test (e.g. blocking) form the RF specification and the radiated immunity tests from the EMC requirements.

 This paper further investigates the similarities and differences between the two.
2 Discussion

Figures for  EMC RF immunity are taken from TS 37.113.

Figures for RF blocking are taken from TS 37.104.
2.1 Frequency

One obvious difference between the EMC RF immunity requirement and the OOB blocking requirement is that the RF immunity is defined from 80 to 1000MHZ and 1400 to 2700MHz where as the OOB blocking is defined from 1MHz to 12750 MHz.

Clearly the blocking test covers a much larger frequency range than the RF immunity.
2.2 Exclusion zones

The EMC radiated immunity requirements excludes the operating band plus 20MHz either side

In general the OOB blocking requirement excludes the operating band plus 20MHz either side. However there are some exceptions where the exclusion bands are smaller, for example band 8,26 and 28 exclude between (FUL_low -20) and (FUL_high +10). This tightening of the exclusion band from +20MHz to +10 MHz is not mirrored in the EMC requirement.

As the receivers will be designed to withstand the smaller exclusion zones to meet the blocking requirements – if the blocking and the RF immunity are merged then the tighter exclusion zones from the blocking should be used.

2.3 Radiated Immunity Power levels
The radiated immunity test interference signal is defined as:

-
the test level shall be 3 V/m amplitude modulated to a depth of 80 % by a sinusoidal audio signal of 1 kHz;

The relation between field-strength and EIS is:
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 is the field strength in units of dBV/m at 
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and f is carrier frequency in MHz of a plane wave incident to the AAS BS antenna from 
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within the active sensitivity RoAoA.

So for example the immunity signal in dBm at 2GHz, assuming antenna again of 0dBm is approximately



60+10*log10(3)- 20*log10(2GHz) -77.2 = -13.7

As the level is related to frequency:
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Figure 1. EMC RF immunity test equivalent received power level
This is assuming that the antenna gain is 0dBi for all frequencies, which of course will not be true, the gain of the element will drop as the wavelength increases.
Taking a simple relationship for gain using the aperture of a 0.5λx0.5λ patch.

G = 12π*Aphys*ea 
where Aphys is the area of the antenna and ea is the efficiency (used0.66)

The antenna aperture is a factor of wavelength squared, and the equivalent received power is a factor of frequency squared, these 2 cancel out resulting in a flat received power level over frequency.
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Figure 2. EMC RF immunity test equivalent received power level, antenna gain and received power level 2GHz 0.5λ patch
This analysis is of course simplified, in reality the antenna efficiency will also vary with frequency as the antenna input match will not be optimum outside the design frequency. However this will result in the power level dropping further rather tan increasing.

The highest power level therefore will be closest to the wanted frequency, this makes the analysis easier as at these frequencies the antenna performance is known.

Also as the design frequency changes so does the antenna aperture, so although the received power level remains flat over frequency for one antennas the antenna design changes the received power level also changes
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Figure 3. EMC RF immunity test equivalent received power level for different frequency antennas
For a 2GHz patch the level is -10dBm, but for a 700MHz patch the level is -1dBm

The analysis was also done on a 0.5λ patch (approx 3dBi), for a 1:1 array with 0.5λ spacing this is probably correct, however if larger spacing or larger sub-arrays or arrays used then the antenna gain will be higher and the resulting received conducted power will be higher.

So worst case a sub-array has 17dBi gain for a 700MHz system the equivalent receiver power level of approx 13dBm

2.3.1 Summary

A short summary of the analysis of the radiated immunity level when translated to a conducted level.

· For a antenna >2GHz with a single element connected to each transceiver unit the level is not significantly higher than the OOB blocking level (-13dBm).

· For systems with sub-arrays the figure could be approx 14dBi (or more higher)

· For lower frequency systems the level could be higher

· Worst case 700MHz system with 17dBi antenna could be +13dBm

2.4 Radiated immunity test with antenna connected

The pass fail criteria for the immunity test is that a link is maintained. This is different from the blocking requirement which requires that a certain throughput (or BER) is maintained at a level close to the receiver sensitivity. The immunity test can be done at a higher level.

So this raises 2 questions:

1. Is a OOB interferer of ~23dBm likely to damage the equipment?

2. If the immunity signal is ~26dB higher than the blocking interferer then if the wanted signal is also 26dB (or more) higher than refsens+6dB can a link be maintained ?

LNA’s usually require a high IP3 in order to meet the BS blocking and IMD requirements. A quick look at typical devices shows that OIP3’s are >30dBm and OP1dB’s are greater than 15dBm (in many cases over 20dBm). With gains in the order of 15 to 20dBm a rough estimate for input P1dB is 0dBm. 

So we can assume that up to an input level of 0dBm the device will not be damaged and not to compressed so it may be possible to set up a link, however above this the device is in compression so it is not likely to be damaged and stands a good chance of dealing with the signal, however this is still below the highest predicted interference due to immunity of some systems.

Of course the interferers are out of band so will be attenuated by any front end filtering before hitting the LAN so it would seem unlikely that damage levels actually would occur. If guard bands were controlled to ensure that some filtering could be guaranteed then it may be possible to set up a link in the presence of the immunity interferer level.

More analysis of the receiver architecture would be need to see what an acceptable input level for both damage and ability to maintain a link, however it seems that such analysis would depend on the architecture of the receiver. For example a receiver with AGC could adjust its gain to compensate high signal level, but a fixed gain receiver may end up with a compressed ADC due to a large interferer. 
Often when issues are dependent on design implementation it becomes difficult to agree on a typical implementation, worst case is usually adopted. As a situation where an OOB interferer larger than the existing blocking level would make it impossible to maintain a link (whatever the wanted signal power level) then we should not test with a level higher than the existing blocking level.

As the AAS BS is declared for a RoAoA over which it operates it would be expected that it meets blocking over that range. Outside that range the antenna gain is lower and it is fair to test with the RF immunity levels (if they are higher than blocking levels) as the expected level at the conducted point will be much lower than the expected level from the blocking test. 

It could be argued that in terms of the receiver there is no need to carry out the RF immunity test as it is only done if we can assume that the level at the receiver input is lower than (or equal to) the level from the RF blocking requirement. If the RF immunity were testing only the BS receiver then this would be a valid argument. However RF immunity also tests immunity of eh rest of the BS to RF fields, in a sectorised AAS BS, this will be behind the antenna and hence quire well protected from signals which are largest in the RF front end but it is also important that the rest of the system (transmission, PSU etc..) is protected from RF fields so it is still important to carry out the immunity test to cover these requirements.

3 Summary
The following points have been highlighted in this paper:

· A simple conversion of the radiated immunity field strength levels along with a simple antenna gain estimation show that for a fixed antenna size the received power level due to the RF field is the same (or less than that at the antenna design frequency) whatever the frequency.

· The lower the frequency and hence the larger the antenna the larger the received power level will be.

· For systems >2GHz with receivers connected directly to an antenna element the level due to the RF immunity field strength is approximately the same as the blocking level.
· For low frequency systems (700MHz) with receivers connected to arrays this level could be up to +15dBm which is significantly higher than the blocking interferer level.

· It is unlikely that it can be agreed if such a large signal will enable a link to be established in its presence or if it is likely to cause damage, as such things will be based on implementation.

· Inside the declared RoAoA (where there is antenna gain) the maximum interferer level should be the same as the blocking interference level.

· As antenna gain drops of outside the declared RoAoA, the received power level due to the RF immunity field strength will also. Hence it is ok to use RF immunity field strength levels outside the declared RoAoA if it is larger and within the range of frequencies specified for RF immunity.

· IF immunity levels are higher than blocking levels outside the declared RoAoA of the antenna the requirement is still valid as the rest of the system is being tested.
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