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1. Introduction
In the context of 5G-NR Demodulation testing we recommended MP-ROS as choice of test methodology for mmWave Demod testing [1] which is submitted for discussion and endorsement in RAN5 5G-NR Adhoc meeting#1.  This document discusses the link budget consideration 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 TRP (Transmit/Receive Points): 0 dBm

· TRP (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 [2], 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.

· 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 TRP (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 will be a problem for complex test systems with increased dimensions of the chamber especially when overlaid with black box mode of validation. 

· The interferer power level should be sufficiently higher than the noise floor of the DUT to ensure the intended SINR is what the DUT sees.

3. Conclusion

With Free Space Path Loss attenuating the radiated signal as the distance increases, for 5G-NR Demod Tests TE’s need to ensure an appropriate Input Signal Strength as well as SNR with wide dynamic range maintaining a low EVM.
4. Proposals
Proposal1: Request TE vendors to provide inputs on the critical parameters to ensure appropriate Input signal strength as well as SNR with wide dynamic range maintaining a low EVM can be provided to simulate various test conditions.
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