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1. Introduction
[bookmark: _Hlk528680199]We have 2 papers about demodulation link budget for both FR1 and FR2 in RAN4#89 [1] [2]. There were conclusions from papers that AWGN above noise level 20dB with signal generator maximum linear output power 0dBm is feasible for FR1 but critical for FR2. 
During the discussion, it was suggested that with a fading channel emulator, -10dBm may be the signal generator maximum linear output power. We believe that the potential reduction in the signal generator output power is dependent on the architecture of the test equipment and may not occur for all equipment. If we take -10dBm into our previous link budget calculation, it will be short to meet requirement especially for FR2 cases. However, the 10dB reduction, if it occurs, can be easily compensated by means of a pre-amplifier. In this contribution, we have considered the worst case of a signal generator that can only provide -10dBm but considered inclusion of a pre-amplifier.
In this paper, we will discuss the relationship between EVM and PA backoff at first. We can get expectation of maximum output power for PA regarding good EVM performance. Then we will recalculate link budget based on new setup trying to fulfil the -10dBm SG output power requirement and see how much margin we can get. 
All analysis is based on real instruments specification on the market and the calculation includes both FR1 and FR2 requirements.  

2. Discussion
EVM and PA backoff
The EVM degradation caused by a PA generally comes from its signal compression and non-linearity. ACLR is a very important identifier to describe this performance. From PA test result of [3], we can see that ACLR is -38.5dBc when EVM is -34.8dB for 64QAM LTE signal. If we take it as a general relationship, we can set -38.5dBc as ACLR upper limit for our analysis. 
ACLR is mainly dominated by 3rd – order intermodulation distortion (IMD3), and IMD3 also can be expressed by 3rd-order output intercept point (OIP3). What we are interested is the relationship among ACLR and following parameters: 
· PAPR: Peak to average power ratio of the signal being amplified
· : The saturated output power of the amplifier
· : The output power from the amplifier
In linear region of PA, following formula is proposed that
                                                (1)
Then we can get
                                        (2)
After checking with real amplifier, we found this formula result was a bit optimistic and should be corrected by subtracting 1dB. That is 
                                (3)
If we assume 6dB as PAPR value for 64QAM multi-tone signal and take -38.5dBc as ACLR limit, we can get maximum useable output power of PA 
                    (4)
And we can get maximum useable input power of PA if gain of PA is known
                                                  (5)
Here we list some PA performance values for different bands, then the  and  can be derived and used in following link budget calculation.
Table 2.1 Typical PA performance value
	Frequency (GHz)
	2~20
	18~26.5
	27~31
	30~40

	 (dB)
	43
	40
	43
	37

	OIP3 (dBm)
	42
	40
	42
	37

	 (dB)
	10
	10
	10
	10

	(dBm)
	27
	25
	27
	22

	 (dBm)
	-16
	-15
	-16
	-15



Link budget 
In this paper, the calculation is based on following general assumptions:
· General assumptions
1. EIS_reference is 0dB higher than noise level (due to the SNR for the FRC being around 0dB).
2. In TS 37.145-2 [4], the AWGN power level for PUSCH is around 20dB higher than noise floor which is the same as EIS_reference level assuming SINR of around 0dB. We can take this ratio as our assumption for calculation, but we think 15dB is more practical for FR2. 
3. The highest considered mean SINR threshold for uplink demodulation is around 25dB (for PUSCH MCS 16/17). Considering 10dB increment for fading channel variation, then we assume that the wanted signal should at least 55dB above EIS_reference for NR signal if all MCS are to be covered. (The 10dB fading channel variation has been estimated based on observing the power varation of the fading channels considered in the demod session).
4. Just as our previous papers statement [1] [2], we take same EIS_RefSens values into our calculation. 
· FR1
1) Take EIS_RefSens_20MHz = -95.3 - ΔOTAREFSENS as the worst case
2) Considering 100MHz bandwidth wanted signal and 32 Rx branches combining gain, then EIS_RefSens_100MHz = -95.3 +7 – 10*log(32)= -103.3 (dBm)
3) The wanted signal level at Wide area BS RIB is
 (dBm) = EIS_RefSens_100MHz + 50 = -53.3
· FR2
1) Take EIS_ RefSens_50M = -100dBm as a typical value
2) Considering 200MHz bandwidth signal will increase 6dB noise level, then EIS_ RefSens_200M = -100 + 6 = -94 (dBm)
3) The wanted signal level at Wide area BS RIB is
 (dBm) = EIS_ RefSens_200M + 55 = -39
 
5. Signal generator output is -10dBm as discussed in section 1.
6. The link budget result includes two parts:
· Estimated output power of PA  compared with  (blue result in table 2.3 and 2.4 means  and red one means )
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Estimated output power of signal generator compared with -10dBm (blue result in table 2.3 and 2.4 means and red one means ). 
· Setup configurations
We only consider IAC and CATR measurement and still take 3GHz and 5GHz as examples for FR1 and take 27GHz and 38GHz for FR2. 
The new setup is showed in Figure 2.1 below. We add pre-amplifier and attenuator before power amplifier to fulfil the input power requirement of every amplifier.
[image: ]
Figure 2.1 setup for OTA demodulation measurement
Table 2.2 includes characters of instruments which we use in measurements. The total path loss between signal generator and coupler is also calculated.
Table 2.2 characters of common instruments 
	Frequency (GHz)
	3
	5
	27
	38
	Note

	 (dB)
	3
	3
	3
	3
	Coupler loss

	
	43
	43
	43
	37
	Gain of power amplifier

	
	2
	2
	2
	2
	2dB attenuator loss

	
	29
	29
	28
	25
	Gain of pre-amplifier

	 (dB)
	1
	1
	1.5
	2.5
	1m cable loss

	
	2
	2
	2
	2
	Variable attenuator loss

	 (dB)
	4
	4
	4
	4
	Combiner loss

	 (dB)
	3
	3
	7
	10
	5m cable loss

	
	-60
	-60
	-54.5
	-41.5
	




· IAC: 
1. The test antenna gain  .
2. We measure at far field distance which is based on the 2D diagonal length of the DUT (showed in Figure 2.2).
[image: ]
Figure2.2 Dimension of the DUT
3. We consider two types of dimensions (5 times of wave length and 10 times of wave length for FR1 cases; 0.15m and 0.25m for FR2 cases) for each frequency BS. 
4. We can estimate  and in following table

Table 2.3 OTA demodulation test link budget with IAC (wide range BS)
	Carrier Frequency (GHz)
	3
	5
	27
	38
	Note

	Dimension (m)
	0.5
	1
	0.3
	0.6
	0.15
	0.25
	0.15
	0.25
	5 times of wave length and 10 times of wave length

	
	5
	20
	3
	12
	4
	5.7
	11
	15.8
	Far field distance

	
	56
	68
	56
	68
	72.9
	79.2
	81.8
	88
	Free space loss

	

	-17.3
	-5.3
	-17.3
	-5.3
	11.9
	18.2
	22.8
	29
	



	

	-77.3
	-65.3
	-77.3
	-65.3
	-42.6
	-36.3
	-18.7
	-12.5
	Estimated wanted signal level at SG




· CATR
1. We assume chamber area is  
2. The coupling loss between test antenna and DUT is derived by power density [1]. 
                                   (6)
And the power level into test antenna is 
                                        (7)
3. We can estimate  and in following table.

Table 2.4 OTA demodulation test link budget with CATR (wide range BS)
	Carrier frequency (GHz)
	3
	5
	27
	38
	Note

	 (dB)
	44
	48.4
	63.1
	66.1
	coupling loss

	

	-6.3
	-1.9
	27.3
	30.1
	



	

	-66.3
	-61.9
	-27.2
	-11.4
	


Observation
1. In new test setup, we can get enough PA output power margin and SG output power margin in FR1 cases for both IAC and CATR test.
2. There are several dB shortage for PA output power at 38GHz, and a small shortage at 28GHz to keep good EVM performance. But new setup can totally fulfil the -10dBm requirement on signal generator linear output power.

3. Conclusion
In this paper, we discussed the relationship between EVM and PA backoff, and delivered a practical formula to estimate maximum useable output power of PA, then a link budget for demodulation test for both FR1 and FR2 is derived. We can see that the PA useable output power is the main limit for high band test. Although we assume a relatively high SINR threshold, the AWGN above the noise floor threshold 20 dB also seems not practical for the test. The intention of the high AWGN level is to ensure that the SNR in the receiver is independent of the RF noise floor. We believe that this could still be achieved if the absolute level of the AWGN would be set at 15dB above the noise floor. Using 15dB instead of 20dB AWGN would result in a small (around 0,1dB) increase in the needed SNR.
We suggest 15dB (above the sensitivity) as AWGN level for FR2 demodulation test. In this case, at 38GHz the link budget is still around 3dB short if an SINR of 25dB is needed. To provide sufficient link budget, we propose that no MCS with a requirement of >20dB SNR for FR2 should be adopted (assuming the agreed channel models).
Proposal 1: For FR2, adopt an absolute AWGN level that is 15dB above the RF sensitivity.
[bookmark: _GoBack]Proposal 2: For FR2, do not include any MCS with final requirement (including impairment) SNR>20dB, because the link budget in the test chamber is insufficient to support it (assuming currently agreed channel models)
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