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1. Introduction
[bookmark: _Hlk528680199]In order to specify the new 47GHz band, it is necessary to determine whether existing demodulation requirements are applicable or to create new demodulation requirements. 
The maximum testable SNR for existing FR2 demodulation requirements is limited to 20dB for both BS and UE due to practical reasons of link budget in the test set-up. For the 47GHz band, it is necessary to evaluate whether the link budget still enables 20dB SNR.
In this paper, we examine the requirements and determine whether the requirements can be re-used. We also re-calculate link budget for demodulation to see whether we can practically test the demodulation requirement or not, then determine whether we need to include RF effects into the requirements and MU should include chamber effect in that case.  

2. Re-usability of requirements
The BS demodulation requirements were earlier agreed to be applicable up to 52GHz.
For the UE, requirements were derived and assumed to be applicable up to 40GHz. In order to determine whether the requirements can be applied for 47GHz we have performed simulations for a high MCS. The results are presented in [1]. There is no performance difference in this frequency range, and so the UE requirements can be re-used.
Proposal 1: Re-use existing UE and BS demodulation requirements. No need for any new demodulation requirements in this WI.
3. Testability of requirements
For both UE and BS, due to the link budget in the test chamber the maximum testable SNR is limited to 20dB. In this section, the link budget calculations are re-visited in order to determine whether the 20dB limit can still be applied.
3.1	BS SNR limit
3.1.1 Link budget calculation
The EVM and PA back-off calculation can see our contribution [1] for RAN4#90. Here we take some PA performance values for different bands, then the maximum PA output power (  ) and the maximum PA input power ( ) 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 if needed this could reduce to 15dB without impacting the test too much. 
3. The mean SINR limit for the BS demodulation requirements is currently 20dB. Considering 5dB margin for fading channel (i.e. the TX power may need to be up to 5dB greater than the mean when the fading channel is at it\s peak(, then we assume that the wanted signal should at least 45dB above EIS_reference for NR signal (i.e. 20dB AWGN above noise floor + 20dB SNR + 5dB fading channel margin). 
4. We take same EIS_RefSens values into our calculation. 
· FR2
1) Take EIS_ RefSens_50M = -100dBm as a worst case (i.e. highest) value
2) Considering 200MHz bandwidth signal (i.e. the widest bandwidth for 120kHz demod requirements) 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 + 45 = -49
 
5. Signal generator output is -10dBm which is based on Keysight comment. This depends on different signal generator architectures.
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 47GHz 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. Here we take parameters in 30~40GHz column of Table 2.1 for both 38GHz and 47GHz.
Table 2.2 characters of common instruments 
	Frequency (GHz)
	47
	38
	Note

	 (dB)
	3
	3
	Coupler loss

	
	37
	37
	Gain of power amplifier

	
	2
	2
	2dB attenuator loss

	
	25
	25
	Gain of pre-amplifier

	 (dB)
	2.5
	2.5
	1m cable loss

	
	2
	2
	Variable attenuator loss

	 (dB)
	4
	4
	Combiner loss

	 (dB)
	11
	10
	5m cable loss

	
	-42.5
	-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)
	47
	38
	Note

	Dimension (m)
	0.15
	0.25
	0.15
	0.25
	5 times of wave length and 10 times of wave length

	
	7
	19.6
	5.7
	15.8
	Far field distance

	
	82.9
	91.8
	79.2
	88.1
	Free space loss

	

	13.9
	22.8
	10.2
	19.1
	



	

	-28.6
	-19.7
	-31.3
	-22.4
	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)
	47
	38
	Note

	 (dB)
	67.9
	66.1
	coupling loss

	

	21.9
	20.1
	



	

	-20.6
	-21.4
	


Observation
1. The needed PA output power at 47GHz and 38GHz to is just sufficient keep good EVM performance. But new setup can totally fulfil the -10dBm requirement on signal generator linear output power.

3.1.2 summary on BS testing link budget
The analysis in section 3.1.1 suggests that the link budget is just sufficient for testing a demodulation requirement at 20dB. There are at least two variables in the calculation that are worthy of further consideration, however:
· The sensitivity level of -100dB assumed above is taken as a worst case. However, it is rather pessimistic for most FR2 BS. With the assumption of a lower sensitivity level  there would be greater margin in the link budget
· On the other hand, the available output power assumed for the PA in the test set-up may be optimistic.
We encourage other interested companies to further check the link budget and confirm in the next meeting whether the 20dB limit is feasible.
Proposal 2: Check and confirm the BS link budget for the next meeting, considering in particular the assumption for the RX sensitivity and the likely available PA output power in the test set-up.

3.2	UE SNR limit
3.2.1 Link budget calculation
The UE link budget has been re-evaluated from [2] DFF 100MHz sheet and is as follows:

[image: ]
The link budget can meet 20dB, but with little margin. We propose that also in this case, interested companies check and confirm the link budget and test threshold for the next meeting
Proposal 3: Check and confirm the link budget for the next meeting

4. Conclusion
Proposal 1: Re-use existing UE and BS demodulation requirements. No need for any new demodulation requirements in this WI.
Proposal 2: Check and confirm the BS link budget for the next meeting, considering in particular the assumption for the RX sensitivity and the likely available PA output power in the test set-up.
Proposal 3: Check and confirm the link budget for the next meeting
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image3.emf
Appli ed Signal and applied noise  At TE Amp output     At Probe Ant. input   At Reference point     Baseband  

pW/Hz  dBm/Hz     fW/Hz  dBm/Hz   fW/Hz  Ratio           

Specified UE Refsens, dBm/ChBW                      - 85.7        

UE multi - band relaxation factor, dB                      2.0        

-   Subcarrier spacing, kHz                      120.0        

-   #PRBs                      66.0        

-   Subcarriers per PRB                      12.0        

-   SNR at which Refsens applies, dB                      - 1.0        

UE thermal noise, dBm/Hz                  0.0565  0.26  - 162.5        

Allowed noise increase dB                     1.26        1.0  

Wanted noise Noc, dBm/Hz  0.68  - 91.7        - 99.7   0.2239   - 156.5        

Wanted noise Noc, dBm/15kHz                      - 114.7        

Wanted noise Noc dBm/SCS                      - 105.7        

Total noise, dBm/Hz                  0.2804   - 155.5        

Target baseband SNR, dB                            17.4  

Wanted signal, dBm/Hz  46.53  - 73.3        - 81.3       - 138.1        

Wanted signal Es, dBm/SCS                      - 87.3        

Wanted signal/wanted noise, dB "SNR"     18.4        18.4       18.4        

                                

Free space path loss, dB                 - 62.3               

Probe Antenna gain, dB                 12.0               

Test system DL setting uncertainty, +/ - dB                  6.0               

Beam peak search procedure/meas error                 - 0.5               

Cable loss, dB        - 8.0                      

Backoff from P1dB        - 13.0                      

TE Power amplifier 1dB compression, dBm        23.0                      

Channel BW for #PRBs, MHz        95.04             66.0        

Wanted signal + headroom, dBm/Ch BW     19.5                           

 


