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Introduction
In the RAN4#97e meeting, there is no consensus on UL configuration and channel location for MSD analysis for n8, n71 at CBW 35MHz. But there is the new WF [1] be approved that encourage participants in the discussion to study further scenario what UL BW is limited 20MHz.
In this contribution, we provide the Tx noise measurement results by UL/DL BW = 20/35MHz (UL/DL asymmetric operation), MSD analysis and REFSENS for n8 and n71.
Discussion
WF Review
In the WF [1], the following option1 is chosen for n8, n71 MSD analysis. 

· Option1: UL BW is limited to 20 MHz
· No need for DMPR, NS_43 and NS_35 A-MPR and associated SEM requirements
· No issue with other band protection
· Low MSD can be specified using current 20MHz UL configuration:
· Option 1a: Worst case 20MHz UL closest to DL
· Option 1b: Best case 20MHz UL furthest to DL
· Option 1c: both 1b and 1c are specified
· Limited impact to band combinations

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;
· Counter-IM3 (C-IM3) set to -60 dBc;
· Counter-IM5 (C-IM5) set to -70 dBc;

Measurement Results
Since reduced UL Resource block allocation does no help to improve the Rx band noise (RxBN) of PA [2], we still use 20RB that is the current specification for 20MHz in measurement.

The measurement results are shown in Table 2-1 and Table 2-2.

Table 2-1 n8 RxBN measurement results
	
	Tx freq.
	Rx freq.
	Tx/Rx　BW
	Tx/Rx Gap
	RB alloca.
	RxBN

	
	(MHz)
	(MHz)
	(MHz)
	(MHz)
	(-)
	(dBm/BW)

	Ref.
	897.5
	942.5
	35/35
	10
	20@168
	-12.2

	Option 1a
	905
	942.5
	20/35
	10
	20@86
	-14.0

	Option 1b
	890
	942.5
	20/35
	25
	20@86
	-37.9




Table 2-2 n71 RxBN measurement results
	
	Tx freq.
	Rx freq.
	Tx/Rx　BW
	Tx/Rx Gap
	RB alloca.
	RxBN

	
	(MHz)
	(MHz)
	(MHz)
	(MHz)
	(-)
	(dBm/BW)

	Ref.
	680.5
	634.5
	35/35
	11
	20@0
	-12.6

	Option 1a
	673
	634.5
	20/35
	11
	20@0
	-14.1

	Option 1b
	688
	634.5
	20/35
	26
	20@0
	-37.8




Observation 1:  
Compared to the reference condition UL/DL BW = 35 / 35MHz, RxBN is improved less than 2dB at Option 1a, while more than 25dB at Option 1b.

In previous measurement of Ref., IM3 of Tx signal and LO Leakage and IM3 of Tx signal and Tx image falling into the Rx band are the main causes of RxBN degradation [3]. In this measurement, IM3 of Tx signal and LO leakage shifts to the lower frequency and falls into the Tx-Rx gap at Option 1a. On the other hand, in addition to IM3 of Tx signal and LO Leakage, IM3 of Tx signal and Tx image also falls into the Tx-Rx gap at Option 1b due to wider Tx-Rx gap. This is the reason why RxBN is not improved much even if UL BW was limited to 20MHz at Option 1a.

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

Table 3-1 MSD analysis for n8 and n71 
	Parameter
	Unit
	n8
	n71

	
	
	Ref.
	Option 1a
	Option 1b
	Ref.
	Option 1a
	Option 1b

	Tx/Rx BW
	MHz
	35/35
	20/35
	20/35
	35/35
	20/35
	20/35

	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
	-12.2
	-14.0
	-37.9
	-12.6
	-14.1
	-37.8

	DPX_ISO_from Tx to Rx
	dB
	50.0
	50.0
	50.0
	55.0
	55.0
	55.0

	DPX ATT RX band
	dB
	30.0
	30.0
	30.0
	45.0
	45.0
	45.0

	Div_filter_Tx rejection
	dB
	45.0
	45.0
	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
	-58.2
	-58.2
	-60.0
	-60.0
	-83.9
	-83.9
	-63.6
	-63.6
	-65.1
	-65.1
	-88.8
	-88.8

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

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

	Total noise level at PRx/DRx ANT Port
	dBm
	-59.2
	-59.2
	-61.0
	-61.0
	-81.6
	-82.7
	-64.6
	-64.6
	-66.1
	-66.1
	-84.8
	-84.6

	De-sens.
	dB
	26.5
	24.7
	3.5
	21.1
	19.7
	1.0




Proposal 1:  
REFSENS of Option 1a are as follows.

[bookmark: _Hlk507958268][bookmark: _Hlk61379411]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

	n8
	15
	-97
	-93.8
	-91.4
	-85.8
	　
	　
	-64.0　
	　
	　
	
	FDD

	
	30
	　
	-94.1
	-91.7
	-87.2
	　
	　
	-64.1　
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	

	n71
	15
	-97.2
	-94
	-91.6
	-86
	　
	　
	-69.1
	　
	　
	
	FDD

	
	30
	　
	-94.3
	-91.9
	-87.4
	　
	　
	-69.2
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	
	　
	　
	
	

	NOTE x:　UL BW is limited to 20MHz, and UL channel shall be closest to DL channel within operating band.



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

	n8
	15
	25
	25
	20
	20
	　
	　
	20
	　
	　
	
	FDD

	
	30
	　
	12
	10
	10
	　
	　
	10
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	

	n71
	15
	25
	25
	20
	20
	
	
	20
	
	
	
	FDD

	
	30
	　
	12
	10
	10
	
	
	10
	
	
	
	

	
	60
	　
	
	
	
	
	
	
	
	
	
	

	NOTE 1:	UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.3.2-1).





Proposal 2:  
REFSENS of Option 1b are 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

	n8
	15
	-97
	-93.8
	-91.4
	-85.8
	　
	　
	-85.2　
	　
	　
	
	FDD

	
	30
	　
	-94.1
	-91.7
	-87.2
	　
	　
	-85.3　
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	

	n71
	15
	-97.2
	-94
	-91.6
	-86
	　
	　
	-87.7
	　
	　
	
	FDD

	
	30
	　
	-94.3
	-91.9
	-87.4
	　
	　
	-87.8
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	
	　
	　
	
	

	NOTE x:　UL BW is limited to 20MHz, and UL channel shall be farthest from DL channel within operating band.



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

	n8
	15
	25
	25
	20
	20
	　
	　
	20
	　
	　
	
	FDD

	
	30
	　
	12
	10
	10
	　
	　
	10
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	

	n71
	15
	25
	25
	20
	20
	
	
	20
	
	
	
	FDD

	
	30
	　
	12
	10
	10
	
	
	10
	
	
	
	

	
	60
	　
	
	
	
	
	
	
	
	
	
	

	NOTE 1:	UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.3.2-1).



Conclusion
In this contribution, we present PA Rx band noise in NR band n8, n71 at UL/DL BW = 20/35MHz and propose the following reference sensitivity levels and UL configurations.

Observation 1: 
 Compared to the reference condition UL/DL BW = 35 / 35MHz, RxBN is improved less than 2dB at Option 1a, while more than 25dB at Option 1b.


Proposal 1: 
 REFSENS of Option 1a are 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

	n8
	15
	-97
	-93.8
	-91.4
	-85.8
	　
	　
	-64.0　
	　
	　
	
	FDD

	
	30
	　
	-94.1
	-91.7
	-87.2
	　
	　
	-64.1　
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	

	n71
	15
	-97.2
	-94
	-91.6
	-86
	　
	　
	-69.1
	　
	　
	
	FDD

	
	30
	　
	-94.3
	-91.9
	-87.4
	　
	　
	-69.2
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	
	　
	　
	
	

	NOTE x:　UL BW is limited to 20MHz, and UL channel shall be closest to DL channel within operating band.



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

	n8
	15
	25
	25
	20
	20
	　
	　
	20
	　
	　
	
	FDD

	
	30
	　
	12
	10
	10
	　
	　
	10
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	

	n71
	15
	25
	25
	20
	20
	
	
	20
	
	
	
	FDD

	
	30
	　
	12
	10
	10
	
	
	10
	
	
	
	

	
	60
	　
	
	
	
	
	
	
	
	
	
	

	NOTE 1:	UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.3.2-1).



Proposal 2:  
REFSENS of Option 1b are 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

	n8
	15
	-97
	-93.8
	-91.4
	-85.8
	　
	　
	-85.2　
	　
	　
	
	FDD

	
	30
	　
	-94.1
	-91.7
	-87.2
	　
	　
	-85.3　
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	

	n71
	15
	-97.2
	-94
	-91.6
	-86
	　
	　
	-87.7
	　
	　
	
	FDD

	
	30
	　
	-94.3
	-91.9
	-87.4
	　
	　
	-87.8
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	
	　
	　
	
	

	NOTE x:　UL BW is limited to 20MHz, and UL channel shall be farthest from DL channel within operating band.



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

	n8
	15
	25
	25
	20
	20
	　
	　
	20
	　
	　
	
	FDD

	
	30
	　
	12
	10
	10
	　
	　
	10
	　
	　
	
	

	
	60
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	

	n71
	15
	25
	25
	20
	20
	
	
	20
	
	
	
	FDD

	
	30
	　
	12
	10
	10
	
	
	10
	
	
	
	

	
	60
	　
	
	
	
	
	
	
	
	
	
	

	NOTE 1:	UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.3.2-1).
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