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1 Introduction
TX IMD is specified as a conducted requirement for 1-C and 1-H  BS and a co-location requirement for  1-O BS. FR2 BS do not have a TX IMD requirement as the high isolation and the higher ALCR levels mean that such is not necessary.
This paper discusses TX IMD for the 7 to 24GHZ range and what conclusions can be reached in the SI.
2 Discussion
2.1	FR1 and FR2
As with all requirements in the 7 to 24GHz range, it is likely that at lower frequencies in the range the requirements will look like FR1 requirements and at higher frequencies FR2. AS such it is difficult to conclude for the 7 to 24GHz region until specific operating bands are highlighted.
The assumption for TX IMD is that the BS is co-located with another BS of the same class, output power and antenna configuration. The reverse interferer specified in the TX IMD requirement is therefore based on the BS output power (as interfering BS is assumed to be the same power) and the isolation between the 2 systems.
· For FR1 this was agreed by studying the worst case isolation of 2 identical antennas at 2GHz and a min distance of 10cm. The interferer was specified as the BS power minus this isolation (30dB)
· For OTA co-location a co-location reference antenna is specified and placed physically at a distance of 10cm from AAS BS and the full BS power is fed into it as an interferer.
For FR2 the scenario is the same however it can be shown that the isolation is such that the requirement becomes unnecessary.
The in-band TX IMD is the toughest requirement as the interferer is not attenuated by the antenna filter. As such the ACLR can be used as a measure of acceptable interference.
The ACLR can also be used as an indication of the PA linearity. There are a number of ways to estimate IP3 of the amplifier; the Pout and ACLR performance, 10dB above P1dB etc. As this is reverse IMD its not clear that the forward IIP3 is directly related so a conservative estimate should be taken. Even with linearization the PA must be capable of providing power at the modulation envelope peaks as such the P1dB must be at least as high as Pout+PAR, it can be expected the IP3 will be above P1dB so this would seem like a conservative estimate to use. 

For an FR1 2GHz system
Pout = 43dBm, coupling = 30dB, ACLR = 45dB
IP3 estimate = Pout + PAR = 43 +8 = 51dBm
Calculating the largest 3rd order product from the interferer then gives:

The ACLR power is -2dBm so this is only 1dB lower than the ACLR requirement and hence necessary to include the requirement to ensure ACLR is not degraded under these conditions.
For an FR2 24GHz system
It is likely that for a mm wave system the Pout will be much lower, however if a requirement is to be deemed unnecessary it is wise to be pessimistic in all assumptions so the same output power is assumed.
Pout = 43dBm, coupling (FSPL@10cm) ≈ 40dB, ACLR = 28dB
Using the same IP3 assumptions as for FR1 we have:
Calculating the largest 3rd order product from the interferer then gives:

In this case the ACLR power is 15dBm so this power level is 28dB lower than the ACLR requirement this is a great deal of margin and hence it is clear that the TX IMD requirement is not necessary.
2.2	7 to 24GHz
As operating frequency increases we see that isolation goes up, ACLR requirements go down and it is also probably that output power will reduce. As such the margin of the TX IMD over the ACLR level will increase as frequency goes up. The increase in FSPL from 2GHz to 7 GHz is >10dB, considering the FSPL increase from 2GHz to 7GHz is >10dB resulting is the margin increasing to >10dB at 7GHz due to this alone.
It is possible therefore that TX IMD requirements will not be needed even at the bottom end of the 7 to 24GHz frequency range. Clearly this cannot be agreed until more detailed analysis is done at the specific operating band being proposed, however the methodology can be applied one the following is known:
· ALCR requirement at frequency of operation
· Estimated antenna to antenna isolation
· Power output of the BS

Summary
This paper has looked at the calculations used to show that FR2 does not need a TX IMD requirement. The same analysis has been applied to FR1 at 2GHz and shows why the requirement is necessary.
When this method is applied to the 7 to 24GHz frequency range it indicates that TX IMD may not be required over the whole range, however before this is finalised some other specification parameters and assumptions need to be finalised, including;
· ALCR requirement at frequency of operation
· Estimated antenna to antenna isolation
· Power output of the BS
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