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1. Introduction
[bookmark: _Hlk528680199][bookmark: _Hlk528680252]During the evaluation of the RF requirements, there was a discussion on Rx directional requirement test link budget in RAN4#88 [1]. It was concluded that for the RF requirements the link budget is sufficient, and the PA is not needed for FR1. For the demodulation requirements, both AWGN and wanted signal are transmitted. There is the potential that that the link budget situation is more critical in demodulation requirement than for RF testing if we take the same ratio of AWGN level to noise as for eAAS. In this paper, we do a link budget calculation on it to see whether the required signal level will be a problem or not. 
We did a similar calculation for FR2 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. In TS 37.145-2 [3], the AWGN power level for PUSCH is around 20dB higher than noise floor which is the same as EIS_reference level assuming SNR of around 0 dB. We take this ratio as our assumption for NR in this paper.
3. According to TS 38.104 [4], the EIS_reference for Wide Area BS is 
Table 10.3.2-1: Wide Area BS reference sensitivity levels
	BS channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
	 OTA Reference sensitivity level, EISREFSENS
 (dBm)

	5, 10, 15
	15
	G- FR1-A1-1
	-101.7 - ΔOTAREFSENS

	10, 15 
	30
	G- FR1-A1-2
	-101.8 - ΔOTAREFSENS

	10, 15
	60
	G- FR1-A1-3
	-98.9 - ΔOTAREFSENS

	20, 25, 30, 40, 50 
	15
	G- FR1-A1-4
	-95.3 - ΔOTAREFSENS

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	30
	G- FR1-A1-5
	-95.6 - ΔOTAREFSENS

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	60
	G- FR1-A1-6
	[bookmark: _Hlk528740663][bookmark: OLE_LINK1]-95.7 - ΔOTAREFSENS



We take EIS_RefSens_20MHz = -95.3 - ΔOTAREFSENS as the worst case into our calculation.
4. The SNR threshold for uplink 64QAM at MCS28 demodulation for LTE is 25dB in AWGN channel, so we assume that also for NR, the wanted signal should at least 45dB above EIS_reference.
· [bookmark: _Hlk528684957]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.
5. If we consider 100MHz bandwidth carrier, we should add 7dB to the 20MHz bandwidth EIS_reference level.
6. When considering the power level needed for OTA testing of demodulation, all types of combining assuming baseband and passive combining can be considered. The worst case assumption would be relatively low beamforming gain; in this example 15 dB is assumed for 32 Rx branches (10*log(32) dB). Summarizing assumptions above, the maximum required 100MHz bandwidth wanted signal level at Wide area BS RIB is 

7. Signal generator output is linear up to 0dBm. 
8. The link budget result is a margin between signal level out of signal generator compared with 0dBm (blue result in table 2.3 and 2.4 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 1GHz, 3GHz and 5GHz as examples.
2. Cable 1:  for connecting test antenna and coupler; we use a 5 meters cable and its loss ( is assumed as 3dB;  
3. Cable 2:  for connecting combiner and signal generator; 2 meters cable and its loss ( is 1dB;
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 types of dimensions (5 times of wave length and 10 times of wave length) in this paper and calculate the margin between final signal level and 0dBm in Table 2.3. 
· We measure at the boundary of far field distance.
Table 2.3 OTA demodulation test link budget for FR1 with IAC (wide range BS)
	Carrier Frequency (GHz)
	1
	3
	5
	Note

	Dimension (m)
	1.5
	3
	0.5
	1
	0.3
	0.6
	5 times of wave length and 10 times of wave length

	
	15
	60
	5
	20
	3
	12
	Far field distance

	
	56
	68
	56
	68
	56
	68
	Free space loss

	

	-18.3
	-6.3
	-18.3
	-6.3
	-18.3
	-6.3
	Estimated wanted signal level at SG






CATR
Considering the test antenna location 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.
We can do the link budget as following Table 2.4.
[Assumptions]
· We use 250mW (24 dBm) amplifier at 14dB back-off to get linear performance to maintain EVM. It can compensate 10dB shortage of margin.
Table 2.4 OTA demodulation test link budget for FR1 with CATR (wide range BS)
	Carrier frequency (GHz)
	1
	3
	5
	Note

	 (dB)
	34.5
	44
	48.4
	coupling loss

	

	-16.8
	-7.3
	-2.9
	Estimated wanted signal level at SG





	

	-25.8
	-16.3
	-11.9
	


Observation
1. We get relative small margins for 5 GHz in CATR without PA, but actually higher antenna array gain for 5GHz or higher frequency, such as 18dB for 64 Rx branches is likely. In that case, we can get 3dB more margin than above calculation.
2. If we consider the fading channel, it might reduce margin at around 2dB-4dB to cover the power variation. The fading channel can also increase the SNR requirement.  
3. The signal generator power assumption may be pessimistic and could potentially be higher than 0dBm since the ACLR effect won’t impact on the demodulation test.
4. A PA could make the test feasible even in the worst condition. 
3. Conclusion
In this paper, we discussed the link budget for demodulation test for FR1. We can see that the test assuming 20 dB added AWGN above the noise floor is feasible. 
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