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1. Introduction
This contribution discusses the level, definition point, measurement uncertainty (MU) and test tolerance (TT) of the interference signal for OTA transmitter intermodulation (TX-IM) requirement.


2. Current TT of TX-IM 
In the TS36.141[1], test tolerance of the TX-IM is defined as the level difference between the wanted signal and interference signal at the input connector of BS TRX unit. The TT of unwanted emission levels (ACLR, OBUE, SEM, and spurious emission) under the condition of TX-IM are defined at each corresponding requirements. 

Observation1: TT and MU of TX-IM is defined as the level difference between the wanted signal and interference signal at the input connector of BS TRX unit.

3. Definition point of MU and TT for OTA TX-IM 
The OTA AAS BS does not have connectors or corresponding ports between TRX units and antenna array as shown in Figure 1. Therefore, it is difficult to measure the level of interference signal input to TRX unit of AAS BS. 
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Figure 1. Block diagram of OTA AAS BS [2]

Observation2: The level of interference signal input to TRX unit of AAS BS is difficult to be measured.

Sub clause 4.10 of TS37.105[2] describes that the OTA co-location requirements are based on power at the conducted interface of a co-location reference antenna. The “conducted interface of co-location reference antenna” corresponds to the input/output port of co-location [test] antenna. 

Observatin3: The power level for co-location requirements is defined at the conducted port of co-location reference antenna as described in TS37.105, and the conducted port corresponds to the input/output port of co-location [test] antenna.

From these observations, we propose that the definition point of MU and TT for TX-IM should be the input/output port of co-location [test] antenna. And the TT should be defined as the level of interference signal input to the input/output port of co-location [test] antenna.

Proposal1: The MU and TT for OTA TX-IM should be defined as the level of interference signal at the input/output port of co-location [test] antenna.

4. Level of interference signal
In the last RAN4#87 meeting, it was proposed that the vertical radiating length of the co-location [test] antenna is [150%] of the vertical radiating length of AAS BS to prevent from creating the area on AAS BS array antenna where interference signal is not applied. However, the interference signal applied to AAS BS is possibly reduced as shown in figure 2 because the interference signal radiated from the radiation area of co-location [test] antenna that does not overlap to the AAS BS is not applied to AAS BS. 
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Figure 2. Interference signal from co-location [test] antenna to AAS BS

Observation4: If the vertical radiating length of co-location [test] antenna (hCTA) is longer than that of AAS BS (hAASBS), the interference signal input to AAS BS TRX unit will be weaken.

The reason for setting the vertical length of co-location [test] antenna be longer than AAS BS is understandable. Therefore, we propose that the level of interference signal should be increased depending on the ratio of between the vertical radiating length of co-location [test] antenna and AAS BS. 

Proposal2: If the vertical radiating length of co-location [test] antenna is [150%] lager than that of AAS BS, the level of interference signal should be [150%] lager than core requirement.

5. MU of OTA TX-IM
As shown in the previous section, the MU should be defined as the level of interference signal and be defined at the input/output connector of the co-location [test] antenna. An example for the supplying system for TX-IM interference signal is depicted in Figure 3. 
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Figure 3. Signal suppling system for TX-IM interferer
The components for MU are listed as below:
1) Test equipment (SG)
2) Cables 
3) Random error
4) PA
5) Mismatch in transmitter chain.

1) Test equipment – 3) Random error
The MU of SG, cables and random error has already derived in Rel-13. We can reuse the MUs in sub clause 10.3 of TR37.843[3]
4) In the OTA TX-IM test, the level of interference signal input to co-location [test] antenna is equal to the maximum power of AAS BS though the level of in interference signal is 30 dB smaller than the maximum power of BS for the conductive test. Therefore, a power amplifier (PA) is required. Before the test, the power level of the interference signal can be measured at the connector that will be connect to the input/output port of co-location [test] antenna by test equipment. In this case, the MU of the RF power measurement equipment should be added and the MU of PA’s absolute gain could be ignored. So it is enough to consider only the time variation of PA output power. Figure 4 shows the measured output power variation of PA over time when constant level signal was input to PA. The measured PA was 50-W-class, lack mount type PA, and output power is ~20 W at 2.2 GHz. The room temperature is approximately 20 degrees C and the output power was measured by power sensor. As shown in figure 4, the variation after 30 minutes is 0.03 dB. Therefore, the gain variation of PA after warm-up process can be approximately +- 0.02 dB. This variation does not depend on frequency but ambient temperature.  Therefore, under the good air-conditioned and enough warm-up-time condition, the MU of PA gain variation can be constant at 0.02 over frequency ranges.

Observation5: MU of PA’s gain variation over time is 0.02. 
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Figure 4. Output power variation over time of lack-mount-type 50-W-class PA.

5) Mismatch in transmitter chain has already considered in 10.3.2 of TR37.843[3]. However, in that case, the influence of the transmitter antenna impedance is cancelled at the calibration stage. If the co-location [test] antenna has enough return loss, this influence can be negligible. Generally, the return loss of the multi-band or wide-band antenna is smaller than that of single-band antenna. If multi-band antenna will be used for co-location test antenna, it is probable the mismatch of co-location [test] antenna affects the measurement results. Therefore, the return loss of co-location [test] antenna could be better to be measured. So, the uncertainty of network analyser should be added as return loss measurement uncertainty in calibration stage.

From above discussion, the MU budget table and MU analysis for TX-IM interference signal are shown below:

Table 1 MU budget for TX-IM interference signal.
	UID
	Description of uncertainty contribution
	Details in annex

	　Interference signal level

	1
	Uncertainty of the RF signal  generator
	

	2
	Uncertainty of the RF power measurement equipment
	

	3
	Impedance mismatch in the transmitting chain
	

	4
	Random uncertainty
	

	5
	Gain variation of power amplifier
	

	6
	Influence of the transmitting antenna feed cable
	a)	Flexing cables, adapters, attenuators, and connector repeatability
	

	Calibration measurement

	7
	Uncertainty of the network analyzer
	



Table 2 MU analysis for TX-IM interference signal.
	UID
	Uncertainty source
	Uncertainty value
f ≦ 3GHz
	Uncertainty value
3GHz ≦ f < 4.2 GHz
	Uncertainty value
4.2GHz ≦ f < 6 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]
f ≦ 3GHz
	Standard uncertainty ui  [dB]
3GHz < f ≦ 4.2 GHz
	Standard uncertainty ui  [dB]
4.2GHz < f ≦ 6 GHz

	Interference signal level

	1
	Uncertainty of the RF signal generator
	0.46
	0.46
	0.46
	Gaussian
	1.00
	1
	0.46
	0.46
	0.46

	2
	Uncertainty of the RF power measurement equipment
	0.14
	0.26
	0.26
	Gaussian
	1.00
	1
	0.14
	0.26
	0.26

	3
	Impedance mismatch in the transmitting chain
	0.14
	0.23
	TBD
	U-shaped
	1.41
	1
	0.10
	0.16
	TBD

	4
	Random uncertainty
	0.1
	0.1
	0.1
	Rectangular
	1.73
	1
	0.06
	0.06
	0.1

	5
	Gain variation of power amplifier
	0.02
	0.02
	0.02
	Rectangular
	1.73
	1
	0.01
	0.01
	0.02

	6
	Influence of the transmitting antenna feed cable
a)	Flexing cables, adapters, attenuators, and connector repeatability
	0.05
	0.05
	0.05
	Rectangular
	1.73
	1
	0.03
	0.03
	0.05

	Calibration measurement

	7
	Uncertainty of the network analyzer
	0.13
	0.20
	0.20
	Gaussian
	1.00
	1
	0.13
	0.20
	0.20

	Combined standard uncertainty (1σ) [dB]


	0.51
	0.59
	TBD

	E1.96 Uc
	1.00
	1.16
	TBD


In the Table 2, MU values of UID 1, 2, and 7 for the frequency range between 4.2 GHz and 6 GHz are derived from [4].

Proposal3: Measurement of the return loss of co-location [test] antenna should be done at the calibration stage.
Proposal4: Table 1 is used as MU budget for TX-IM interference signal.
Proposal5: Table 2 is used as MU analysis for TX-IM interference signal.

6. TT of OTA TX-IM
As shown in the previous section, the TT should be defined as the level of interference signal and be defined at the input/output connector of the co-location [test] antenna. In this case, one different part from the case of the conductive test is PA. However, as shown in above, the gain variation of PA is small. Therefore, TT of TX-IM should be same as that for the conductive test. The TT of TX-IM in TS36.141[1] is 0. Therefore, TT of OTA TX-IM should be 0. This can be applied to not only eAAS but also NR FR1.

Proposal6: TT of OTA TX-IM should be 0 for eAAS and NR FR1.
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4	Summary

In this document, we have discussed the MU and TT for OTA TX-IM. We made the following proposals based on the following observations.

Observation1: TT and MU of TX-IM is defined as the level difference between the wanted signal and interference signal at the input connector of BS TRX unit.

Observation2: The level of interference signal input to TRX unit of AAS BS is difficult to be measured.

Observatin3: The power level for co-location requirements is defined at the conducted port of co-location reference antenna as described in TS37.105, and the conducted port corresponds to the input/output port of co-location [test] antenna.

Observation4: If the vertical radiating length of co-location [test] antenna (hCTA) is longer than that of AAS BS (hAASBS), the interference signal input to AAS BS TRX unit will be weaken.

Observation5: MU of PA’s gain variation over time is 0.02.

Proposal1: The MU and TT for OTA TX-IM should be defined as the level of interference signal at the input/output port of co-location [test] antenna.

Proposal2: If the vertical radiating length of co-location [test] antenna is [150%] lager than that of AAS BS, the level of interference signal should be [150%] lager than core requirement.

Proposal3: Measurement of the return loss of co-location [test] antenna should be done at the calibration stage.

Proposal4: Table 1 is used as MU budget for TX-IM interference signal.

Proposal5: Table 2 is used as MU budget for TX-IM interference signal.

Proposal6: TT of OTA TX-IM should be 0 for eAAS and NR FR1.
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