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1. Introduction
In RAN4 AH 1801 meeting, the test methodologies for mmWave demod testing were discussed in [1-5] and the WF on performance testing for FR2 was approved in [6]. In the WF, it was agreed to adopt “pure baseband” methodology for mmWave demod performance testing:

· Proposal 1. Adopt “pure baseband” testing methodology for demodulation performance testing in FR2.

· Assumes max rank 2 with cross polarized transmission

· Rank 2 spatial MIMO would not be included

· As a starting point an isotropic UE antenna pattern is assumed

In this paper, we further discuss link budget aspects related to the demod testing methodology “pure baseband” agreed for mmWave Demod testing. This paper provides the consideration on link budget to pave the way for TE requirements for maintaining the input signal level and SNR at a reasonable power level with good EVM.
2. Discussion on Link Budget Consideration
With LTE conducted testing, maintaining the input signal at a certain level along with sufficiently high SNR was less of a concern for test equipment. But with 5G-NR mmWave signal requiring radiated testing, free space path loss becomes a major factor in attenuating the signal strength as the far field distance for testing increases. 
Below are some sample signal strength theoretical calculations that the TE can generate in the test zone assuming the below parameters. Theoretical SNR is also provided assuming these parameters.
· Frequency: 28 GHz, 39 GHz 

· Nominal signal output to the TRxPs (Transmit/Receive Points): 0 dBm

· TRxP (Transmit/Receive Points) - Standard Horn antenna gain: 15dBi
· Additional Cable losses: 5dB
· kTB (Thermal Noise) @ 100 MHz: -94dBm (T= 19 deg C)

· All calculations based on Frii’s pathloss and far field region equations [7], throughput/EVM (hence modulation) are not considered here.
	Far Field (m)
	Frequency (GHz)
	Tx Gain (dB)
	Free Space Loss(dB)
	Signal input level(dBm)
	Signal Strength(dBm)
	Theoretical SNR (dB) – 1CC
	Theoretical SNR (dB) – 8CC

	0.5
	28
	15
	55.36
	0
	-45.36
	48.64
	39.64

	0.75
	28
	15
	58.88
	0
	-48.88
	45.12
	36.12

	1
	28
	15
	61.38
	0
	-51.38
	42.62
	33.62

	1.25
	28
	15
	63.32
	0
	-53.32
	40.68
	31.68

	1.5
	28
	15
	64.90
	0
	-54.90
	39.10
	30.10

	1.75
	28
	15
	66.24
	0
	-56.24
	37.76
	28.76

	2
	28
	15
	67.40
	0
	-57.40
	36.60
	27.60

	
	
	
	
	
	
	
	

	0.5
	39
	15
	58.24
	0
	-48.24
	45.76
	36.76

	0.75
	39
	15
	61.76
	0
	-51.76
	42.24
	33.24

	1
	39
	15
	64.26
	0
	-54.26
	39.74
	30.74

	1.25
	39
	15
	66.20
	0
	-56.20
	37.80
	28.80

	1.5
	39
	15
	67.78
	0
	-57.78
	36.22
	27.22

	1.75
	39
	15
	69.12
	0
	-59.12
	34.88
	25.88

	2
	39
	15
	70.28
	0
	-60.28
	33.72
	24.72


Table1: Achievable SNR for various far field distances

· Table 1 shows how theoretical SNR degrades with increase in far field distance. And it is noted that the UE antenna declaration was agreed in [8], and the test setup and MU for larger radiating aperture (e.g. >5cm) will keep discussing in RAN4. Therefore, the far field distance would be larger than 2m (shown in Table 1) with the increase of DUT radiating aperture.
· Even to test the same far field distance for 8CC (further 9dB reduction in SNR due to kTB), it becomes even more critical for TE to work towards getting input signal at appropriate level while maintaining a reasonable good EVM over a wide dynamic range, with a good SNR. 
· As the gain of the TRxPs (Transmit/Receive Points) reduces (typical specs 11 dBi), it becomes even more challenging to test inside large test chambers the non-antenna impacted requirements effectively. 

· The SNR requirements for validating the higher modulation schemes (e.g. needed 40dB SNR for 256QAM in future) will be a problem for complex test systems with increased dimensions of the chamber especially when overlaid with black box mode of validation. 
· The thermal noise of -94dBm (@ 100 MHz) is used in this link budget. However, the typical noise in demod testing would be beyond the noise level of -94dBm to avoid the impact of thermal noise in the testing. Therefore, the ability of adding noise above the system noise floor would be required in the testing.
Based on the above discussion, we can observe that:
Observation 1: The free space path loss attenuates the radiated signal as the distance increases.
Observation 2: Further considering the more CC case, the reduction of antenna gains, SNR requirements for higher modulation schemes, etc., it becomes more critical for TE to get input signal at appropriate level and maintain a reasonable SNR with good EVM.

Observation 3: The ability to add noise above the system noise floor in the tests would further increase the output signal level to the TRxP. 
Then we have the following proposals:

Proposal 1: For the demod setup, SNR of up to 40dB is needed to be able to run higher modulation scheme tests and add noise.
Proposal 2: To maintain the configured SNR under the assumptions above, the nominal signal output level of TRxP in 5G demod tests should be at least [10dBm].
Proposal 3: The power spectral density of a white noise source (average power per RE normalised to the subcarrier spacing) which is higher than thermal noise can be added in the demod tests.
3. Conclusion

In this paper, we provide link budget considerations for mmWave demod tests and have the following observations and proposals:

Observation 1: The free space path loss attenuates the radiated signal as the distance increases.
Observation 2: Further considering the more CC case, the reduction of antenna gains, SNR requirements for higher modulation schemes, etc., it becomes more critical for TE to get input signal at appropriate level and maintain a reasonable SNR with good EVM.

Observation 3: The ability to add noise above the system noise floor in the tests would further increase the output signal level to the TRxP. 
Proposal 1: For the demod setup, SNR of up to 40dB is needed to be able to run higher modulation scheme tests and add noise.
Proposal 2: To maintain the configured SNR under the assumptions above, the nominal signal output level of TRxP in 5G demod tests should be at least [10dBm].

Proposal 3: The power spectral density of a white noise source (average power per RE normalised to the subcarrier spacing) which is higher than thermal noise can be added in the demod tests.
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