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1. Introduction
During the evaluation of the RF requirements, there was a discussion on Rx directional requirement test link budget in RAN4#88 [1]. For the RF requirements, it was concluded that a PA is potentially needed in the test setup. For the demodulation requirements, both AWGN and wanted signal are transmitted. There is the potential that the signal power is even more critical in demodulation requirement than for RF testing considering that a large amount of AWGN may be added to the transmitted signal together with a wanted signal . 
In this paper, we 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. 
[bookmark: _Hlk528674550]We did a similar calculation for FR1 in another paper [2].

2. Discussion
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. According to TS 37.145-2 [3], the AWGN level is around 20dB above EIS_reference level, and we take the same relative ratio for NR.
3. The SNR threshold for uplink 64QAM at MCS28 demodulation is 25dB in AWGN channel for LTE, so we assume that also for NR, the wanted signal should at least 45dB above EIS_reference. 
· For demodulation channels, also a fading channel is included. The test chamber needs to provide enough power for the maximum power level of the fading. This may require some 2-4dB additional power than the mean power needed to achieve the SNR.
4. According to TS 38.104 [4], EIS_reference requirement is as Table 2.1.
 Table 2.1 FR2 OTA reference sensitivity requirement
	BS channel Bandwidth
[MHz]
	Sub-carrier spacing [kHz]
	FRC
	EISREFSENS level
[dBm]

	50, 100, 200
	60
	G-FR2-A1-1
	EISREFSENS_50M 

	50
	120
	G-FR2-A1-2
	EISREFSENS_50M 

	100, 200, 400
	120
	G-FR2-A1-3
	EISREFSENS_50M + 3 

	For wide area BS, EISREFSENS_50M is an integer value in the range -96 to -119 dBm.
For medium range BS, EISREFSENS_50M is an integer value in the range -91 to -114 dBm.
For local area BS, EISREFSENS_50M is an integer value in the range -86- to -109 dBm.



If we consider 400MHz bandwidth, the noise level should be equal to  EIS_RefSens_50M plus 9dB and we express it with EIS_reference_400M . Then we can get signal level at RIB () by adding 40dB to EIS_RefSens_400M, see Table 2.2 below.

Table 2.2 wanted signal level at OTA RIB
	
	Wide area BS
	Medium range BS
	Local area BS

	EIS_RefSens_400M (dBm)
	-110 ~ -87
	-105 ~ -82
	-100 ~ -77

	(dBm)

	-65 ~ -42
	-60 ~ -37
	-55 ~ -32


In this paper, we take EIS_ RefSens_50M = -100dBm as a typical value into our calculation, then we get the  = -100dBm + 9+45 = -46dBm.
[Note]
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2] The calculation of EIS_RefSens_400M is just for estimating noise level for the worst case, not related to the requirement. The requirement may apply a lower bandwidth, in which case the available margin would be greater.
5. Signal generator output is linear up to 0dBm. 
6. [bookmark: _Hlk528842574]The link budget result is a margin between signal level requirement out of signal generator compared with 0dBm (blue result means below 0dBm and red one means over 0dBm). We also showed an optional method result using amplifier. 

The test setup for IAC and CATR are showed in Figure 2.1 and Figure 2.2. There are very similar instruments used in two chambers. The following are basic configurations for common instruments in two setups.
[Common chamber configurations]
1. Carrier frequency: we take 26.5GHz and 38GHz as examples.
2. Cable 1:  for connecting test antenna and coupler; we use wave guide or make amplifier closer to transmitting antenna. Its loss ( is assumed as 4dB;
3. Cable 2:  for connecting combiner and signal generator. We also use wave guide and its loss ( is assumed as 2dB;
4. Coupler: its loss ( is 3dB.
5. Test antenna:  has different gain for IAC (23dB) and CATR (11dB) separately. 

[image: ]
Figure2.1 Demodulation test setup in IAC
[image: ]
Figure2.2 Demodulation test setup in CATR

Indoor echoic chamber
The far field distance is based on the dimension of the DUT, the formula is ,  where D is the 2D diagonal length of the DUT, as showed in Figure 2.3.
[image: ]
Figure2.3 Dimension of the DUT
[Assumptions]
· We consider two practical dimensions (0.15m and 0.25m) in this paper and calculate the margin between final signal level and 0dBm in Table 2.3. 
· We measure at far field distance.
· We use 20W(43dBm) amplifier for 26.5GHz and 10W(40dBm) amplifier for 38GHz, and both amplifiers get linear performance to maintain EVM at 16dB back-off, so we assume them can compensate 27dB and 24dB shortage of margin separately.
[bookmark: _Hlk528685562]Table 2.3 OTA demodulation test link budget for FR2 with IAC (wide range BS)
	[bookmark: _Hlk528684874]Dimension(m)
	0.15
	0.25
	Note

	Carrier Frequency (GHz)
	27
	38
	27
	38
	

	
	4
	5.7
	11
	15.8
	Far field distance

	
	72.9
	79.2
	81.8
	88
	Free space loss

	

	12.9
	19.2
	21.8
	28
	Estimated wanted signal level at SG





	(dBm)

	-14.1
	-4.8
	-5.2
	4
	



[bookmark: _Hlk528685599]CATR
Considering the test antenna locates in near to the DUT in CATR, we estimate the coupling loss between test antenna and DUT by power density of test antenna over around 20m2 area. The power  is the power into the feed antenna,  is the effective isotropic power at DUT RIB, we use following way to estimate the coupling loss in CATR
1. The power density of test antenna is , where Area =20m2.
2. The relationship between   and  should be:

	If we use logarithm to express this formula, then we get:

	The coupling loss should be 

	And , where  is the total cable loss.

[Assumptions]
· We use 20W(43dBm) amplifier for 26.5GHz and 10W(40dBm) amplifier for 38GHz, and both amplifiers get linear performance to maintain EVM at 16dB back-off, so we assume them can compensate 27dB and 24dB shortage of margin respectively.
The link budget is depicted in Table 2.4.
Table 2.4 OTA demodulation test link budget for FR2 with CATR (wide range BS)
	Carrier frequency (GHz)
	26.5
	38
	Note

	 (dB)
	62.9
	66.1
	coupling loss

	(dBm)

	25.9
	29.1
	Estimated wanted signal level at SG




	

	-1.1
	5.1
	



Observation 
1. In IAC, the DUT with large antenna dimension (>=0.25m) there is a lack of margin. However, the far field is anyhow quite larger than practical distance. 
2. For both IAC and CATR under our assumed configurations, the link budget shows that the demodulation test is just about feasible at -100dBm sensitivity by using a PA for 28GHz. However, the margin is not high for 28GHz, and there is a shortfall for 38GHz.
3. The margin might get even 2~4dB smaller if we consider the fading channel effect and wide band phase noise effect. Both the margin for the fading channel and the SNR assumption (25dB for 64QAM MCS28) need further confirmation.
4. Considering the need to accommodate the fading channel, the AWGN above noise ratio might have to be less than 20dB which means RF behaviour of the receivers could impact the demodulation result and the OTA chamber could play a role in associated MU.   

3. Conclusion
[bookmark: _Hlk528691300][bookmark: OLE_LINK6]In this paper, we discussed the link budget for demodulation test for FR2. We can see that the AWGN level above the noise floor may need to be lower than the typically assumed 20dB above noise floor for the test. Before making a final conclusion, the fading channel effect and SINR level should be confirmed. The reduction in AWGN level may in the end be substantial. In case the AWGN level is substantially lower than 20dB above the noise floor, it means that requirement might include RF behaviour of the receivers and then the MU might include OTA chamber effect.
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