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1. Introducion
In July Ad-hoc meeting, the WF on remaining open issues for UE Demodulation setup was approved. And the following agreements are reached on SNR reference point and SNR accuracy.
· SNR Reference point: 
· For Near-Field setup:
· The reference point for SNR is defined as the intersection of the axes of rotation of the positioning system(s).
· For Far-Field (Direct or Indirect) setup:
· The reference point for SNR is defined as the geometrical center of the QZ.
· How to calculate the SNR at the reference point for a wanted SNR at the BB of the UE:
· RAN4 defines a methodology how to calculate the SNR set by the TE at the reference point for a wanted BB SNR
· How to capture the methodology and corresponding SNR value in the specification is FFS
· The emulated SNR by the test system with SNR error of [1] dB
In this paper, we will provide our views on SNR control at reference point for a wanted SNR at the BB of the UE when considering potential SNR range and [1] dB SNR accuracy.
2. Discussion
For potential SNR range in demodulation testing, when we consider the 256QAM for long term compatibility, the upper bound of SNR would be 30dB. Moreover, when we consider the demodulation test case for control channel, the lower bound of SNR would be -6dB. 
To facilitate expression, we quote the symbols and expression of TR38.810 for the SNR calculation. Then, the actual SNR at the UE receiver can be considered as follows: 
SNR_actual = S_rx/(N_rx+Nktb*F_UE)
where,
F_UE : Noise figure (NF) of the UE
Nktb : Thermal noise level
S_rx, N_rx :  Received signal power for the desired signal and AWGN (artificial noise) respectively, at reference point (UE baseband receiver port).
SNR_target = S_rx /N_rx = S_tx/N_tx, which is given parameter for demodulation test
S_tx,  N_tx : Transmit signal power for the desired signal and AWGN (artificial noise), respectively
S_rx = S_tx * PL(d)* G_UE * IL_UE
N_rx = N_tx * PL(d) * G_UE * IL_UE
S_tx = P_tx
N_tx = S_tx / SNR_target
P_tx: Probe TX power
PL(d): The free space pathloss, which depends on the distance d between the test antenna and DUT.
G_UE: UE receive antenna array gain
IL_UE: UE receiver implementation loss
Note: In the above, all symbols are represented as linear (non-dB) values.
Based on the agreed UE assumptions for EIS requirements, the UE assumptions are updated by the following table:
Table 1: Assumed UE parameters
	
	28GHz
	39GHz
	

	UE Antenna Gain (G_UE)
	8.5
	9.5
	dBi

	UE Noise Figure (F_UE) 
	12.0
	14.0
	dB

	UE Implementation loss (IL_UE)
	4.5
	5
	dB

	Nktb
	-174
	-174
	dBm/Hz



Proposal 1: Use the UE assumptions in Table 1 to calculate the SNR range for demodulation testing.
Although measurement distance for demodulation can be performed in the radiative near field or in the far field, we should consider the worst case when considering the emulated SNR at TE. Therefore, the far field distance is considered in the paper and the size of DUT is 5cm.
Table 2: Far field distance and free space pathloss
	DUT size(cm)
	Far field distance(m)
	Frequency(GHz)
	Pathloss (dB)

	5
	0.47
	28
	55

	5
	0.65
	39
	61



2.1 SNR calculation
Based on the updated UE assumption in Table 1 and Table 2, the SNR calculation example for 39GHz with 1GHz bandwidth can be given as 
Table 3: Example of SNR calculation for 39GHz with 1GHz bandwidth and 30dB target SNR
	 
	Signal from TE
	Noise from TE
	UE
	 

	Target SNR
	30
	 
	dB

	Power from Test antenna
	22.4
	-7.6
	 
	dBm/1GHz

	Free space path loss @0.65m, 39GHz
	-61
	-61
	 
	dB

	Scale power 1GHz to 1Hz
	-90
	-90
	 
	dB

	UE Antenna Gain
	9.5
	9.5
	 
	dB

	UE Implementation loss
	-5
	-5
	 
	dB

	Wanted powers
	-124.1
	-154.1
	 
	dBm/1Hz

	Thermal Noise
	 
	 
	-174
	dBm/1Hz

	UE Noise figure
	 
	 
	14
	dB

	UE Noise
	 
	 
	-160
	dBm/1Hz

	S_rx and (N_rx+UE_noise floor)
	-123.6
	-153.1065105
	dBm/1Hz

	Actual SNR
	29.00651048
	dB

	SNR error
	0.993489518
	dB



From the calculation example, we can observe that the accuracy of SNR error absolutely depends on the difference between the level of noise floor and the level of Rx noise at baseband. Through the proof in Appendix, it can be derived that the Rx noise at BB should be at least 5.9dB (around to 6dB) higher than UE noise floor in dB value.
Observation 1: To make sure the emulated SNR by the test system within SNR error of 1 dB, the Rx noise level at BB should be at least 5.9dB (around to 6dB) higher than UE noise floor in dB value.
Based on the observation 1, we use the following procedure to obtain the minimal Tx signal power level at TE with specific upper bound of target SNR. 
· [bookmark: _Hlk521592768]Calculate the minimal Rx noise power level with the metric of 5.9dB (around 6dB) higher than noise floor level under the specific UE noise figure assumption.
· Calculate the minimal Tx noise power level considering the specific bandwidth, UE receive antenna array gain and UE receiver implementation loss.
· Calculate the minimal Tx signal power level with the upper bound of target SNR, e.g. 30dB for 256QAM, 24dB for 64QAM.
Using the above procedure, the following Tx power level can be calculated with different assumptions.
Table 4: Signal Tx power level from TE antenna
	Upper bound of Target SNR(dB)
	Frequency (GHz)
	Bandwidth (GHz)
	Signal Tx power from TE (dBm)

	30
	39
	1
	22.4

	24
	39
	1
	16.4

	30
	39
	0.1
	12.4

	24
	39
	0.1
	6.4

	30
	28
	1
	15

	24
	28
	1
	9

	30
	28
	0.1
	5

	24
	28
	0.1
	-1



Form above results, we have the following observations and proposal:
Observation 2: To achieve 30dB target SNR with error<1dB, with the assumptions of 1GHz bandwidth on 39GHz, the maximum available signal Tx power level from TE antenna would be more than 22.4dBm.
Observation 3: The lower target SNR or smaller bandwidth would lead to smaller signal Tx power level at TE.
Proposal 2: When define a methodology how to calculate the SNR set by the TE, the worst testing case such as higher carrier frequency, far-field distance, larger bandwidth and target SNR of 256QAM should be considered.
Proposal 3: The procedure of how to obtain the minimal Tx signal power level at TE provided in this paper should be captured in TR38810.
2.2 SNR control at reference point
Based on the discussion in section 2.1, we have two options on how to control the SNR at reference point for demodulation testing.
Option 1: Fix the signal power as the maximum available Tx power from TE antenna, then control the level of artificial noise for different target SNR.
In such option, we assume there is power constrain for signal level from TE, but there is no power constrain for artificial noise (signal and noise can be controlled separately by TE). Then the following results can be given:

Fig.1 Target SNR VS SNR error for 39GHz with Option 1
We should note that when fixing the signal Tx power as maximum available signal Tx power from TE, the SNR error can be more easily calculated. But as shown in Table 5, the noise power would be larger than signal Tx power when target SNR is smaller than 0dB. Therefore, we need feedback from TE vendors on if the signal and artificial noise can be controlled separately by TE and how to constrain the total Tx power level at TE. 
Table 5: Signal and Noise Tx power level for Option 1 from TE antenna
	Target SNR(dB)
	Frequency (GHz)
	Bandwidth (GHz)
	Signal Tx power from TE (dBm)
	Noise Tx power from TE (dBm)

	30
	39
	1
	22.4
	-7.6

	-6
	39
	1
	22.4
	28.4

	30
	39
	0.1
	12.4
	-17.6

	-6
	39
	0.1
	12.4
	18.4

	30
	28
	1
	15
	-15

	-6
	28
	1
	15
	21

	30
	28
	0.1
	5
	-25

	-6
	28
	0.1
	5
	11




Option 2: Control the SNR and artificial noise dynamically with total power constrain for different target SNR.
In such option, the total Tx power (Tx_total) from TE including the signal and artificial noise would be constrained by maximum Tx power, i.e., Tx_total = S_tx + N_tx and S_tx = SNR_target/(1+ SNR_target ))*Tx_total. Then the following results can be given:

Fig.1 Target SNR VS SNR error for 39GHz with Option 2

Table 6: Signal and Nosie Tx power level for Option 2 from TE antenna
	Target SNR(dB)
	Frequency (GHz)
	Bandwidth (GHz)
	Signal Tx power from TE (dBm)
	Noise Tx power from TE (dBm)

	30
	39
	1
	22.4
	-7.6

	-6
	39
	1
	15.4
	21.4

	30
	39
	0.1
	12.4
	-17.6

	-6
	39
	0.l
	5.4
	11.4

	30
	28
	1
	15
	-15

	-6
	28
	1
	8
	14

	30
	28
	0.1
	5
	-25

	-6
	28
	0.1
	-2.0
	4



Compared with Option 1, the SNR error calculation in Option 2 is more difficult, but the total Tx power including signal and artificial noise would be limited by maximum Tx power.
Proposal 4: Option 1 is preferred for SNR control in demodulation testing cases. Capture the Option 1 and/or Option 2 and corresponding SNR value in TR38.810 based on the feedback from TE vendors on the TE feasibility and how to constrain the Tx power.  
3 Conclusion
In this paper, we provide our views on SNR control at reference point for Demodulation testing, and have the following observations and proposals:
[bookmark: _GoBack]Observation 1: To make sure the emulated SNR by the test system within SNR error of 1 dB, the Rx noise level at BB should be at least 5.9dB (around to 6dB) higher than UE noise floor in dB value.
Observation 2: To achieve 30dB target SNR with error<1dB, with the assumptions of 1GHz bandwidth on 39GHz, the maximum available signal Tx power level from TE antenna would be more than 22.4dBm.
Observation 3: The lower target SNR or smaller bandwidth would lead to smaller signal Tx power level at TE.
Proposal 1: Use the UE assumptions in Table 1 to calculate the SNR range for demodulation testing.
Proposal 2: When define a methodology how to calculate the SNR set by the TE, the worst testing case such as higher carrier frequency, far-field distance, larger bandwidth and target SNR of 256QAM should be considered.
Proposal 3: The procedure of how to obtain the minimal Tx signal power level at TE provided in this paper should be captured in TR38810.
Proposal 4: Option 1 is preferred for SNR control in demodulation testing cases. Capture the Option 1 and/or Option 2 and corresponding SNR value in TR38.810 based on the feedback from TE vendors on the TE feasibility and how to constrain the Tx power.  

Appendix A: SNR error calculation
The calculation of SNR error in dB value can be provided by:


With the SNR accuracy of 1dB, we can have

Therefore, we can have the relation of noise floor level and Noise_rx:


Based on the proof, we can observe that to make sure the accuracy of actual SNR within 1dB, the Rx noise at BB should be at least 5.9dB (around to 6dB) higher than UE noise floor in dB value.
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Total Tx=22.4dBm with 30dB upper bound of SNR
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