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1 Introduction
In last meeting the FR2 on OFF transient measurement was discussed. It had previously been agreed to looking at EIRP to measure the transient although the OFF level is specified as TRP. In order to do this a translation factor is needed. There was no agreement on how this translating factor could be derived so a WF [1] was agreed outlining further study.
Additional the issue of feasibility of measuring the ON/OFF transient at FR2 was discussed and considering the level of TX OFF if the measurement was needed at all.

These issue are further discussed in this paper.
2 Discussion
2.1 Test measurement budget

As the requirement is EIRP then it needs to be in the far field.

A 33dBi antenna at 24GHz has an aperture of approx 0.2m
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A 0.2m antenna has a far field distance of approx:
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Which gives a FSPL of:
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Of course if the gain is assumed to be that of the element pattern then we should consider the far filed based on the element not the array in which case the aperture would be approx λ/2, so:
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And 
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In this case however it must be considered if the measurement horn has gain then the FF criteria for that must be obeyed.

The budget is therefore:
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We can assume gain of the measurement horn to be approx 20dB (corresponding FF distance of approx 0.026m and corresponding FSPL of 48dB). Note a lower gain horn makes the FF distance lower and hence FSPL lower, hence a lower gain horn actually improves the budget.

Other factors are:

Cable loss approx 2dB

Limiter loss approx 3dB

So the power to be measured is:


[image: image8.wmf](

)

dBm

dBm

64

3

2

20

48

5

36

-

=

-

-

+

-

+

-


Spectrum analyzers have a noise floor of approx -150dBm/Hz or -90dBm in 1MHz

There appears to be some margin between the measured level and the spectrum analyser capability to measure the EIRP levels necessary for the TX OFF level.

Measuring using the far field distance for the element pattern means that eh ON signal will not be in the far field but ON power does not need to be measured accurately for this test.

Observation 1: If it is assumed that the far field distance is based on the element pattern or the measurement horn then the OFF power EIRP can be measured.
2.2 OTA sensitivity

The issue was raised during offline discussion that as FR2 TX OFF level is considerably higher than for FR1 is it necessary they it is measured at all as this is an OTA requirement.

For FR1 the TX OFF level is set to ensure that a co-located receiver is not deafened by the OFF power from the system under test.

The FR1 level is set to -106dBm/MHz in the co-location reference antenna output. This is derived from the conducted requirement which is a conducted OFF level of -85dBc/MHz per TRX.

The OFF levels were derived to ensure that the victim receiver was not desensitized excessively when co-located.

Of course by design it must also be the case that your own Tx does not desensitize your own RX. In a conducted system the Tx and Rx coupling at the antenna is not captured so it is necessary to test the receiver to the specified TX OFF level with an assumption about antenna coupling. However once the antenna is connected then if the system being tested sensitivity is acceptable then this effectively shows that the TX OFF level must be passing the requirement.

For FR1 there are some differences in that

· Co-location scenarios are defined – this is not the case for FR2

· The TX OFF level is much lower, approx -76dBm TRP for an 8 TRX system

For an FR2 system the level is much higher (-36dBm TRP) and is based on co-existence scenarios, and systems are always OTA.

FR2 OTA sensitivity is declared as antenna gain may vary, however the sensitivity is based on a NF of 10-12dB and a channel BW of 50 or 100MHz.

So for example:

The receiver sensitivity without the antenna gain is:

System in range 24.25 – 33.4 GHz
NF=10dB

SNR (G-FR2-A1-1) = -1.1dB, IM=2dB

CBW=50MHz
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A TX off level of -36dBm/MHz in 50MHz is -19dBm which is 67dB higher than the receiver sensitivity level. The is no significant isolation between the radiated TX OFF level and the receiver input.

Clearly a TDD system which only met the TX OFF level would be completely incapable of meeting the OTA sensitivity requirement.

It is a very safe assumption therefore to assume that passing the OTA sensitivity requirement implies that the TX OFF requirement is passed.

As the TX OFF requirement has been shown to be very problematic to measure it seems that this approach is a reasonable solution to the problem.

Proposal 1: The OTA reference sensitivity requirement is sufficient show compliance to the TX OFF requirement.

2.3 OFF power antenna gain

The on power TRP and EIRP is measured so it is possible to get a figure for the antenna gain in the ON state, however for the OFF state the level of beam forming is not known. 

In simple terms:

if the gain is assumed low (worst case omni directional or zero) then the EIRP limit will be the same as the TRP limit – if the OFF gain is greater than this then the test limit will be to strict.

If the gain is assumed high (best case the ON gain) then the EIRP limit will be higher than the TRP limit, if the OFF gain is lower than this then the test limit will be too easy.

In the WF [1] the following options are listed:

· Option 1: Declare directivity in OFF state 
· Option 2: Agree common assumption for directivity in OFF state 
· Option 3: Use results from static TX OFF measurement to derive the directivity.
Some obvious values are:

0dB – assumes that gain is omni directional – this is the toughest test requirement

5dB – or the element gain – we believe this is the most likely gain for the OFF power

10 to 33dB - this is the antenna gain range assumption used for the receiver sensitivity range. This would generate the easiest test requirement.

Whilst if the measurement accuracy is sufficient it may be possible to use a static TRP measurement to measure the OFF state gain. It can be seen form the previous section that the actual OFF power must be much lower than the requirement and is likely to be significantly below the noise floor of the measurement equipment. If the measurement equipment just measures noise then the calculated gain will be zero.

Of course if it is zero then this is because no gain can be measured so the power will be much lower the requirement and it is not a problem.

The difference between the best case and the worst case is 33dB which is a large range. 

If it was assumed that the gain were 0dBi and the actual OFF level gain were 33dBi then the test requirement would be 33dB tougher. 

Looking at this in terms of receiver sensitivity however this would be an interferer of:

-36dBm/MHz – 33 = -69dBm/MHz or -52dBm in the receiver BW.

This is still 34dB higher than the receiver sensitivity, so it could be said that it does not really matter which gain assumption is used, it seems unnecessary then to declare or measure the OFF antenna gain as it is unlikely to make any significant difference to the system.

We do not believe that the beam forming gain will be realised in the OFF state, however for directional products it is also unlikely to have an omni direction pattern. If it is necessary to choose a OFF beam forming gain the element gain seems most appropriate.

Of course if a system has an architecture which has higher bema forming gain and architecture where for some reason the receiver is not effected by TX OFF noise, it is not unreasonable to allow measurement of actual OFF power gain and that figure can be used.

Proposal 2: If TX OFF transient is measured then:
a: 5dBi OFF Power gain is assumed, the EIRP test limit its -31dBm/MHz.

b: If the vendor wishes they may measure the TX OFF gain and use this value the test limit will be -36dBm.MHz – GOFF_measured.

3 Conclusion
The measurement link budget has been investigated with the following observation:
Observation 1: If it is assumed that the far field distance is based on the element pattern or the measurement horn then the OFF power EIRP can be measured.
However when looking at the receiver sensitivity budget it is clear that the receiver sensitivity is considerably more sensitive to TX OFF noise than the TX OFF requirement (by >65dB) hence:

Proposal 1: The OTA reference sensitivity requirement is sufficient show compliance to the TX OFF requirement.

If it is necessary to measure TX OFF as EIRP then we propose the following:

Proposal 2: If TX OFF transient is measured then:
a: 5dBi OFF Power gain is assumed, the EIRP test limit its -31dBm/MHz.

b: If the vendor wishes they may measure the TX OFF gain and use this value the test limit will be -36dBm.MHz – GOFF_measured.
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