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1.
Introduction
In RAN5 NR#1 AdHoc, document [1]  is endorsed and the contribution for link budget analysis is called for. This paper gives some analysis for the link budget for demodulation tests.


2.
Discussion
For demodulation test, SNR is given as a test parameter to test the performance capability of demodulation of DUT under such SNR environment. Such SNR environment is generated by SS by injecting both desired signal and artificial noise(AWGN). To consider the purpose of the test, the configured SNR should be enough accurate at the UE receiver. If the absolute power level of the S and N from the TE is low, then the SNR would be degraded due to the UE’s internal noise. The actual SNR at the UE receiver can be considered as following: 
SNR_actual =  S_rx/(N_rx+Nktb*F_UE)

Where,
F_UE : Noise figure of the UE
Nktb : Thermal noise level

S_rx, N_rx :  Received signal strength after UE receiver antenna of desired signal and AWGN(Artificial noise) respectively
SNR_target = S_rx /N_rx = S_tx/N_tx, which is given parameter for demodulation test
S_tx,  N_tx : is transmitted signal strength from test antenna

S_rx= S_tx / <Free Space Pathloss>*<UE Antenna Gain>,  N_rx= N_tx / <Free Space Pathloss>*<UE Antenna Gain>.

In the above, all symbols are represented as linear (non-dB) values.
We calculate the expected SNR_error[dB]  = SNR_target[dB] – SNR_actual[dB], for various cases by changing SNR target, distance between probe antenna and the UE, and the absolute tx power level from the probe antenna. Note that the relative EVM error ( EVM_relative_error[non-dB]  = (EVM_actual[non-dB] – EVM_target[non-dB] ) / EVM_target[non-dB] ) can be expressed as 1 – sqrt( SNR_error [non-dB] ) using the relation between SNR and EVM ( SNR[dB] = -20 log10 (EVM[non-dB]) ).
In the calculation, the UE parameter in Table 1 is assumed.

Table 1 Assumed UE parameters
	UE Antenna Gain
	6
	dBi

	NF(F_UE) 
	10
	dBm

	Nktb
	-174
	dBm/Hz


Following figure shows the SNR error in dB as the function of Total Tx Power(S_tx + N_tx) from the probe antenna for inter probe antenna – UE distance  (noted as R) 0.7m, f=43GHz, BW=1GHz.
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Figure 1 SNR error and EVM relative error for R=0.7m
As we can see from Figure 1, the SNR error increases as total tx power from the probe antenna decreases. Also, the higher the target SNR, the bigger SNR error is expected.

Observation 1: SNR and EVM error increases as total tx power from the probe antenna decreases
Observation 2 : The higher the target SNR, the bigger SNR / EVM error is expected.
Possible tx power from the TE depends on the capability of test system. Feasible tx power can depends on the conducted cable losses, probe antenna gain, external amplifier characteristic (P1dB especially). Considering the cable losses of 7dB, probe antenna gain of 12dB and commercially available mmWave Amplifiers, the feasible tx power from the probe antenna (i.e. includes the probe antenna gain) is around 28dBm@24GHz and 20dBm@43GHz.
Observation 3 : The feasible tx power from the probe antenna including the probe antenna gain is around 28dBm@24GHz and 20dBm@43GHz
Figure 2 and 3 show the expected SNR error and EVM relative error when tx power from the probe antenna is 20dBm, for 24GHz and 43GHz respectively.
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Figure 2 Target SNR vs SNR Error and EVM Relative Error(24GHz)
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Figure 3 Target SNR vs SNR Error and EVM Relative Error(43GHz)
When allowed EVM relative error (or SNR error) limit is given, the maximum testable target SNR can be derived from Figure 2 and Figure 3. Table 2 shows the maximum testable target SNR for EVM Relative Error Limit of 0.1%, 1.0% and 10.0%.
Table 2 Maximum Testable Target SNR
	Allowed maximum EVM Relative Error Limit
	Maximum Testable Target SNR (Tx Power=28dBm, f=24GHz, BW=1GHz)
	Maximum Testable Target SNR (Tx Power=20dBm, f=43GHz, BW=1GHz)

	0.1%
	Approx. 26dB (for R=0.5m)
	Approx. 13dB (for R=0.5m)

	1.0%
	Approx. 36dB (for R=0.5m)
	Approx. 24dB (for R=0.5m)

	10.0%
	> 40 dB (for R=0.5m)
	Approx. 34dB (for R=0.5m)


Observation 4: Maximum testable target SNR can be estimated as shown in Table 2. 
The testable target SNR highly depends on the allowed EVM Relative Error limit. Further justification on the selection of the maximum EVM Relative Error is needed. 
Observation 5: Testable target SNR depends on EVM relative error limit. Further justification on the selection of the maximum EVM Relative Error is needed. 
It can be said the 40dB SNR(256QAM test needs this level) seems to be difficult to be tested especially for higher frequency in FR2 unless the measurement distance is shortened to less than 0.5m or EVM Relative Error Requirement can is relaxed to more than 10%. 
Observation 6: 40dB SNR(256QAM test needs this level) seems to be difficult to be tested especially for higher frequency in FR2 unless the measurement distance is shortened to less than 0.5m or EVM Relative Error Requirement can is relaxed to more than 10%.


3.
Conclusion
In this document we give the analysis for the link budget for demodulation test and provided the following observations.
Observation 1: SNR and EVM error increases as total tx power from the probe antenna decreases

Observation 2 : The higher the target SNR, the bigger SNR / EVM error is expected.
Observation 3 : The feasible tx power from the probe antenna including the probe antenna gain is around 28dBm@24GHz and 20dBm@43GHz
Observation 4: Maximum testable target SNR can be estimated as shown in Table 2. 
Observation 5: Testable target SNR depends on EVM relative error limit. Further justification on the selection of the maximum EVM Relative Error is needed. 
Observation 6: 40dB SNR(256QAM test needs this level) seems to be difficult to be tested especially for higher frequency in FR2 unless the measurement distance is shortened to less than 0.5m or EVM Relative Error Requirement can is relaxed to more than 10%.
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