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Introduction
In the last RAN4 e-meeting, WF[1] was approved which about introduce 35MHz channel bandwidth (CBW) for bands n3, n7, n8, n25, n66, n71 and 45MHz CBW for bands n3, n25, n66. For n7 and n66, the REFSENS can be specified by channel scaling method because these bands have a large Tx/Rx duplex distance. On the other hand, the REFSENS of n3, n8, n25 and n71 should be studied.
 In this contribution, we provide the PA Rx noise measurement results, MSD analysis and REFSENS for n3, n8, n25 and n71 at 35MHz/45MHz CBW operation.
Experimental Measurements
Power Amplifier Calibration and Test Waveforms
PA conditions:
The power amplifier (PA) is calibrated to meet 1 dB MPR for Power Class 3 using a 100 RB QPSK DFT-s-OFDM SCS 15kHz with RBs allocated at the channel edge. 

Test conditions:
· QPSK DFT-s-OFDM SCS 15kHz with the UL RBs be located as close as possible to the DL operating band but confined within the transmission bandwidth configuration for the CBW;
· Image and Local Oscillator (LO) rejection is set to -28 dBc;
· Image and Local Oscillator (LO) rejection is set to -28 dBc;
· Counter-IM3 (C-IM3) set to -60 dBc;
· Counter-IM5 (C-IM5) set to -70 dBc;

Experimental Results
The Rx band Noise (RxBN) of PA was measured by setting with RB specified in the current specifications of the bandwidth closest to the target bandwidth. PA output power is set 27dBm since the front-loss is assumed 4 dB.

In experiments, we noticed that IMD had a significant effect to RxBN in n8, n25, and n71. As example, the PA output spectrum of n8 at 30MHz and n25 at 45MHz is shown in Figure 2-1 and Figure 2-2, respectively.



[image: ]
Figure 2-1 the PA output spectrum of n8 at 27dBm for 35MHz CBW operation (20RBs)
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Figure 2-2 the PA output spectrum of n25 at 27dBm for 45MHz CBW operation (40RBs)


The measurement results is shown in table 2-1.

Table 2-1 PA RxBN measurement results for each band
	Band
	BW
	NRB
	PA RxBN

	(-)
	(MHz)
	(-)
	(dBm/Hz)

	n3
	35
	50
	-39.8

	
	45
	50
	-37

	n8
	35
	20
	-12.2

	n25
	35
	40
	-38.5

	
	45
	40
	-20.8

	n71
	35
	20
	-12.6



Observation 1:  For n8, n71, the RxBN is significantly degraded due to the influence of IMD when the CBW is wider.

Observation 2:  For n25, the RxBN is degraded for 45MHz operation however less than n8 and n71.

Observation 3:  For n3, the RxBN is slightly degraded.

MSD Estimation
The link-budget calculation assumptions are listed in table 3-1 and MSD analysis is in table 3-2.

Table 3-1 Typical receiver performance parameters for MSD analysis
	Parameter
	Band / Value
	Unit

	
	n3
	n8
	n25
	n71
	

	Antenna isolation
	10
	10
	10
	10
	dB

	DPX isolation from TX to RX
	50
	50
	50
	55
	dB

	DPX attenuation at RX band
	40
	30
	40
	45
	dB

	Diversity receiver filter TX rejection
	40
	45
	40
	40
	dB

	Front-end loss
	4
	4
	4
	4
	dB

	Thermal noise at RX ANT port
	-164
	-164
	-164
	-164
	dBm/Hz

	Transceiver effective phase noise due to wider BW
	-144
	-144
	-144
	-144
	dBc/Hz

	SNR requirement for QPSK
	-1
	-1
	-1
	-1
	dB




Table 3-2 MSD analysis for each band 
	Parameter
	Unit
	n3
	n8
	n25
	n71

	BW
	MHz
	35.0
	45.0
	35.0
	35.0
	45.0
	35.0

	Antenna isolation 
	dB
	10.0
	10.0
	10.0
	10.0
	10.0
	10.0

	Front-end loss 
	dB
	4.0
	4.0
	4.0
	4.0
	4.0
	4.0

	PA output power
	dBm
	27.0
	27.0
	27.0
	27.0
	27.0
	27.0

	PA RxBN
	dBm
	-39.8
	-37.0
	-12.2
	-38.5
	-20.8
	-12.6

	DPX_ISO_from Tx to Rx
	dB
	50.0
	50.0
	50.0
	50.0
	50.0
	55.0

	DPX ATT RX band
	dB
	40.0
	40.0
	30.0
	40.0
	40.0
	45.0

	Div_filter_Tx rejection
	dB
	40.0
	40.0
	45.0
	40.0
	40.0
	40.0

	Transceiver  effective phase noise
	dBc/Hz
	-144.0
	-144.0
	-144.0
	-144.0
	-144.0
	-144.0

	Thermal noise at PRx/DRX ANT port
	dBm/Hz
	-164.0
	-164.0
	-164.0
	-164.0
	-164.0
	-164.0

	SNR requirement for QPSK
	dB
	-1.0
	-1.0
	-1.0
	-1.0
	-1.0
	-1.0

	TX noise power at PRX/DRx ANT port
	dBm
	-85.8
	-85.8
	-83.0
	-83.0
	-58.2
	-58.2
	-84.5
	-84.5
	-66.8
	-66.8
	-63.6
	-63.6

	TX IM2 due to wider CBW at PRx/DRx ANT port
	dBm
	-87.0
	-95.0
	-87.0
	-95.0
	-87.0
	-105.0
	-87.0
	-95.0
	-87.0
	-95.0
	-97.0
	-95.0

	Thermal noise at PRx/DRx ANT Port
	dBm
	-85.7
	-85.7
	-84.6
	-84.6
	-85.7
	-85.7
	-85.7
	-85.7
	-84.6
	-84.6
	-85.7
	-85.7

	Total noise level at PRx/DRx ANT Port
	dBm
	-82.4
	-83.5
	-80.8
	-81.5
	-59.2
	-59.2
	-81.8
	-82.8
	-67.7
	-67.7
	-64.6
	-64.6

	De-sens.
	dB
	2.7
	3.4
	26.5
	3.3
	16.9
	21.1





Observation 4:  For n8, n71 at 35MHz CBW and n25 at 45MHz CBW, there are large de-sens since the significant RxBN degradation. 

Proposal 1:  REFSENS for 35/45MHz CBW operation are proposed highlighted as follows.
[bookmark: _Hlk507958268]Table 7.3.2-1: Two antenna port reference sensitivity QPSK PREFSENS
	Operating band / SCS / Channel bandwidth / Duplex-mode

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	35 MHz (dBm)
	40
MHz
(dBm)
	45 MHz (dBm)
	50
MHz
(dBm)
	Duplex Mode

	n3
	15
	-97
	-93.8
	-92
	-90.8
	-89.7
	-88.9
	-86.0　
	-82.3
	-84.2　
	
	FDD

	
	30
	　
	-94.1
	-92.1
	-91
	-89.8
	-89
	-86.1　
	-82.4
	-84.3
	
	

	
	60
	　
	-94.5
	-92.4
	-91.2
	-90
	-89.1
	-86.2　
	-82.6
	-84.4
	
	

	n8
	15
	-97
	-93.8
	-91.4
	-85.8
	　
	　
	-62.2　
	　
	　
	
	FDD

	
	30
	　
	-94.1
	-91.7
	-87.2
	　
	　
	-62.3　
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	

	n25
	15
	-96.5
	-93.3
	-91.5
	-90.3
	-89.3
	-82.2
	-85.4　
	-79.5
	-70.7　
	
	FDD

	
	30
	　
	-93.6
	-91.6
	-90.5
	-89.4
	-82.3
	-85.5
	-79.6
	-70.8
	
	

	
	60
	　
	-94
	-91.9
	-90.7
	-89.6
	-82.4
	-85.6
	-79.7
	-70.9
	
	

	n71
	15
	-97.2
	-94
	-91.6
	-86
	　
	　
	-67.6
	　
	　
	
	FDD

	
	30
	　
	-94.3
	-91.9
	-87.4
	　
	　
	-67.7
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	
	　
	　
	
	



Table 7.3.2-3: Uplink configuration for reference sensitivity
	Operating band / SCS / Channel bandwidth / Duplex-mode

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	35 MHz (dBm)
	40
MHz
(dBm)
	45 MHz (dBm)
	50
MHz
(dBm)
	Duplex Mode

	n3
	15
	25
	50
	50
	50
	50
	50
	50
	50
	50
	
	FDD

	
	30
	　
	24
	24
	24
	24
	24
	24
	24
	24
	
	

	
	60
	　
	10
	10
	10
	10
	10
	10
	10
	10
	
	

	n8
	15
	25
	25
	20
	20
	　
	　
	20
	　
	　
	
	FDD

	
	30
	　
	12
	10
	10
	　
	　
	10
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	

	n25
	15
	25
	50
	50
	50
	50
	48
	40
	40
	40
	
	FDD

	
	30
	　
	24
	24
	24
	24
	24
	20
	20
	20
	
	

	
	60
	　
	10
	10
	10
	10
	10
	10
	10
	10
	
	

	n71
	15
	25
	25
	20
	20
	
	
	20
	
	
	
	FDD

	
	30
	　
	12
	10
	10
	
	
	10
	
	
	
	

	
	60
	　
	
	
	
	
	
	
	
	
	
	




Conclusion
In this contribution, we present PA Rx band noise in NR band n3, n8, n25, n71 at 35MHz, 45MHz CBW and propose the following reference sensitivity levels and UL configurations.

Observation 1:  For n8, n71, the RxBN is significantly degraded due to the influence of IMD when the CBW is wider.

Observation 2:  For n25, the RxBN is degraded for 45MHz operation however less than n8 and n71.

Observation 3:  For n3, the RxBN is slightly degraded.

Observation 4:  For n8, n71 at 35MHz CBW and n25 at 45MHz CBW, there are large de-sens since the significant RxBN deterioration.

Proposal 1:  REFSENS for 35/45MHz CBW operation are proposed highlighted as follows.
Table 7.3.2-1: Two antenna port reference sensitivity QPSK PREFSENS
	Operating band / SCS / Channel bandwidth / Duplex-mode

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	35 MHz (dBm)
	40
MHz
(dBm)
	45 MHz (dBm)
	50
MHz
(dBm)
	Duplex Mode

	n3
	15
	-97
	-93.8
	-92
	-90.8
	-89.7
	-88.9
	-86.0　
	-82.3
	-84.2　
	
	FDD

	
	30
	　
	-94.1
	-92.1
	-91
	-89.8
	-89
	-86.1　
	-82.4
	-84.3
	
	

	
	60
	　
	-94.5
	-92.4
	-91.2
	-90
	-89.1
	-86.2　
	-82.6
	-84.4
	
	

	n8
	15
	-97
	-93.8
	-91.4
	-85.8
	　
	　
	-62.2　
	　
	　
	
	FDD

	
	30
	　
	-94.1
	-91.7
	-87.2
	　
	　
	-62.3　
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	

	n25
	15
	-96.5
	-93.3
	-91.5
	-90.3
	-89.3
	-82.2
	-85.4　
	-79.5
	-70.7　
	
	FDD

	
	30
	　
	-93.6
	-91.6
	-90.5
	-89.4
	-82.3
	-85.5
	-79.6
	-70.8
	
	

	
	60
	　
	-94
	-91.9
	-90.7
	-89.6
	-82.4
	-85.6
	-79.7
	-70.9
	
	

	n71
	15
	-97.2
	-94
	-91.6
	-86
	　
	　
	-67.6
	　
	　
	
	FDD

	
	30
	　
	-94.3
	-91.9
	-87.4
	　
	　
	-67.7
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	
	　
	　
	
	



Table 7.3.2-3: Uplink configuration for reference sensitivity
	Operating band / SCS / Channel bandwidth / Duplex-mode

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	35 MHz (dBm)
	40
MHz
(dBm)
	45 MHz (dBm)
	50
MHz
(dBm)
	Duplex Mode

	n3
	15
	25
	50
	50
	50
	50
	50
	50
	50
	50
	
	FDD

	
	30
	　
	24
	24
	24
	24
	24
	24
	24
	24
	
	

	
	60
	　
	10
	10
	10
	10
	10
	10
	10
	10
	
	

	n8
	15
	25
	25
	20
	20
	　
	　
	20
	　
	　
	
	FDD

	
	30
	　
	12
	10
	10
	　
	　
	10
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	

	n25
	15
	25
	50
	50
	50
	50
	48
	40
	40
	40
	
	FDD

	
	30
	　
	24
	24
	24
	24
	24
	20
	20
	20
	
	

	
	60
	　
	10
	10
	10
	10
	10
	10
	10
	10
	
	

	n71
	15
	25
	25
	20
	20
	
	
	20
	
	
	
	FDD

	
	30
	　
	12
	10
	10
	
	
	10
	
	
	
	

	
	60
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