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1. Introduction
In RAN4 AH-1801 meeting, QPSK PREFSENS levels for NR band 3 have been proposed in [1]. These values are proportionally scaled to the bandwidth expansion relative to:
· 5 MHz Channel Bandwidth (CBW) PREFSENS for SCS = 15 kHz
· 10 MHz CBW PREFSENS for SCS 30 and 60 kHz
Consequently, we can assume that these values do not take into account any transmitter (Tx) excess noise contribution. In [1] the uplink (UL) configuration parameters are [FFS] for 25 and 30 MHz CBW in band n3. This contribution presents measurements to verify if the proposed linear BW scaling assumption is applicable to all CBW in this band. We show that for certain CBW, excess noise from TX chain leads to additional MSD. We also show that in all cases, DFT-S-OFDM waveforms always produce the worst PREFSENS performance levels. 
2. Discussion
2.1. Analysis of Proposed n3 REFSENS Levels 
Prior to investigating the impact of TX excess noise, it is important to ensure that the baseline reference sensitivity values do not already take into account any excess noise correction factor. Table 1 is extracted from [1] and shows the proposed reference sensitivity levels in brackets []. 
Table 1: n3 reference sensitivity levels [1]
	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)
	40

MHz
(dBm)
	50

MHz
(dBm)
	60

MHz
(dBm)
	80

MHz
(dBm)
	100 MHz
(dBm)
	Duplex Mode

	n3
	15
	[-97.0]
	[-93.8]
	[-92.0]
	[-90.8]
	[-89.7]
	[-88.9]
	
	
	
	
	
	FDD

	
	30
	
	[-94.1]
	[-92.1]
	[-91.0]
	[-89.8]
	[-89.0]
	
	
	
	
	
	

	
	60
	
	[-94.5]
	[-92.4]
	[-91.2]
	[-90.0]
	[-89.1]
	
	
	
	
	
	


Table 2 compares the relative difference between proposed sensitivity levels and the theoretical ratio computed by scaling linearly CBW according to agreed spectrum utilization maximum Resource Block (RB) allocations. Values obtained at 15 kHz SCS are scaled relative to the 5 MHz CBW, while values obtained for SCS 30 and 60 kHz are scaled relative to 10 MHz CBW. 
Table 2: n3 reference sensitivity linear scaling assumption checks.
	Operating band / SCS / Channel bandwidth / Linear scaling check

	Operating Band
	SCS kHz
	5

MHz
(dBm)
	10

MHz
(dBm)
	15

MHz
(dBm)
	20

MHz
(dBm)
	25 MHz
(dBm)
	30 MHz
(dBm)
	40

MHz
(dBm)
	50

MHz
(dBm)
	60

MHz
(dBm)
	80

MHz
(dBm)
	100 MHz
(dBm)
	Linearly scaled?

	n3
	15
	0
	3.2
	5
	6.2
	7.3
	8.1
	
	
	
	
	
	Yes1

	
	30
	 
	0
	2
	3.1
	4.3
	5.1
	
	
	
	
	
	Yes1

	
	60
	 
	0
	2.1
	3.3
	4.5
	5.4
	
	
	
	
	
	Yes1

	BW scaling factor
	15
	0
	3.2
	5
	6.3
	7.3
	8.1
	9.4
	10.3
	
	
	
	Theoretical

	
	30
	
	0
	2
	3.3
	4.3
	5.1
	6.5
	7.4
	8.3
	
	
	

	
	60
	
	0
	2.1
	3.4
	4.5
	5.4
	6.7
	7.7
	8.6
	
	
	

	NOTE 1: At 20 MHz CBW, BW scaling factors derived from reference sensitivity levels deviate from theoretical scaling factors by 0.1 and 0.2 dB for SCS 15 and 60 kHz and 30 kHz, respectively. These are presumably due to rounding imperfections and are ignored.


It can be seen that reference sensitivity levels scale linearly with the ratio of CBW. It can therefore be concluded that the proposed reference sensitivity levels in [1] do not take TX excess noise into account for band n3. We propose to investigate the impact of operating NR with 25 MHz and 30 MHz CBW in this band.
Observation 1: Currently proposed REFSENS values do not account for any excess noise from transmitter.
2.2. TX Noise Measurements Assumptions
This contribution presents TX noise measurements in receiver (Rx) band to estimate the impact of Tx excess noise for n3. Measurements are performed using the following assumptions:

· UL resource blocks are located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (according to 38.101 Table 7.3.2),

· Uplink carrier is modulated on highest possible channel,
· Tested CBW for n3: 20, 25, and 30 MHz,
· Uplink resource block configuration listed in Table 3 corresponds to outer allocations for which DFT-S-OFDM and CP-OFDM agreed MPR is 1 and 3 dB, respectively [2],

· Measurements are performed with SCS 15 kHz only,
· PA to antenna insertion losses of 4dB.

Table 3: Uplink configuration used for Tx noise in Rx band measurements
	Operating band / SCS / Channel bandwidth / Test Waveform

	Operating Band
	SCS kHz
	20

MHz
	25

MHz
	30

MHz
	Test Waveform

	n3
	15
	50
	50
	50
	DFT-S-OFDM

	
	
	50
	52
	52
	CP-OFDM


For each band of operation, the power amplifier (PA) under test and test waveforms are calibrated to deliver:
· 22 dBm at antenna connector using QPSK DFT-S-OFDM, which corresponds to 1 dB MPR,
· 20 dBm at antenna connector using QPSK CP-OFDM, which corresponds to 3 dB MPR,
· PA is calibrated to deliver - 30 dBc ACLR using full allocation at 23 dBm output power (referred to the UE antenna connector),
· - 28 dBc image and carrier rejection.
Transmitter noise is measured in the respective UE Rx channel for each waveform at corresponding target antenna power.
2.3. TX Noise Measurements and Estimated MSD

Table 4 below summarizes measured Tx noise in Rx band measured power levels and estimate the associated MSD for band n3. MSD calculations assume:

· 4 dB Post PA insertion losses,

· 4 dB antenna to LNA insertion losses,

· 55 dB duplexer Tx noise rejection in Rx band,

· -1 dB SNR for reference sensitivity level downlink reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 of 38101-1,
· 3 dB Rx antenna diversity gain.
Table 4: n3 Tx noise vs test waveforms and associated MSD
	RF parameter / Cell Bandwidth / Units

	
	10
	15
	20
	10
	15
	20
	Unit

	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	

	QPSK waveform type
	DFT-S-OFDM, SCS 15kHz
	CP-OFDM, SCS 15kHz
	

	TX noise at PA output
	-61.2
	-59.4
	-56.7
	-62.7
	-60.8
	-59.7
	[dBm]

	Tx Noise at LNA input
	-116.2
	-114.4
	-111.7
	-117.7
	-115.8
	-114.7
	[dBm]

	Tx Noise at antenna port
	-112.2
	-110.4
	-107.7
	-113.7
	-111.8
	-110.7
	[dBm]

	Max number of PRB
	106
	133
	160
	106
	133
	160
	 

	RX bandwidth (BW)
	19.08
	23.94
	28.80
	19.08
	23.94
	28.80
	[MHz]

	Thermal noise in Rx BW @ antenna port
	-101.2
	-100.2
	-99.4
	-101.2
	-100.2
	-99.4
	[dBm]

	n3 ref_sense (BW scaled) [1]
	-90.8
	-89.7
	-88.9
	-90.8
	-89.7
	-88.9
	[dBm]

	n3 noise floor @ antenna port
	-86.8
	-85.7
	-84.9
	-86.8
	-85.7
	-84.9
	[dBm]

	n3 composite noise @ antenna port
	-86.8
	-85.7
	-84.9
	-86.8
	-85.7
	-84.9
	[dBm]

	n3 de-sense
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	[dB]


Observation 2:
· DFT-S-OFDM waveforms always deliver the worst PA Tx noise emission levels in RX band for n3.

· In band n3 TX excess noise does not degrade UE reference sensitivity levels for 25 MHz and 30 MHz cell bandwidth.
· Considering the large duplex gap and large duplex distance of band n66, results obtained from n3 show that reference sensitivity levels for n6 do not need to be reviewed.
To account for the above observations, we make the following proposals.
Proposal 1: Approve band n3 in Table 5 and confirm that band n66 values do not need to be reviewed.
Table 5: Proposed n3 reference sensitivity levels

	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)
	40

MHz
(dBm)
	50

MHz
(dBm)
	60

MHz
(dBm)
	80

MHz
(dBm)
	100 MHz
(dBm)
	Duplex Mode

	n3
	15
	-97.0
	-93.8
	-92.0
	-90.8
	-89.7
	-88.9
	
	
	
	
	
	FDD

	
	30
	
	-94.1
	-92.1
	-91.0
	-89.8
	-89.0
	
	
	
	
	
	

	
	60
	
	-94.5
	-92.4
	-91.2
	-90.0
	-89.1
	
	
	
	
	
	


To account for observation 1, we propose to reduce the number of uplink configurations for reference sensitivity testing by using only QPSK DFT-S-OFDM waveforms. Accordingly, the number of physical resource blocks is defined to match the constraints associated to this waveform. This proposal is extended to all other NR bands in a separate contribution.
Proposal 2: Approve UL configurations for REFSENS for band n3 as in Table 7.3-3 (Table 6 in this proposal) with preceding text specifying that UL configuration should use DFT-s-OFDM waveforms.

The reference receive sensitivity (REFSENS) requirement specified in Table 7.3-1 and Table 7.3-2 shall be met for an uplink transmission using QPSK DFT-s-OFDM waveforms and for uplink transmission bandwidth less than or equal to that specified in Table 7.3-3.
Table 6: 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)
	40

MHz
(dBm)
	50

MHz
(dBm)
	60

MHz
(dBm)
	80

MHz
(dBm)
	100 MHz
(dBm)
	Duplex Mode

	n3
	15
	25
	501
	501
	501
	[501]
	[501]
	
	
	
	
	
	FDD

	
	30
	
	24
	241
	241
	[241]
	[241]
	
	
	
	
	
	

	
	60
	
	101
	101
	101
	[101]
	[101]
	
	
	
	
	
	

	NOTE 1:
1 Refers to the 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).


3. Conclusion
This contribution provides an analysis of the recently proposed reference sensitivity levels for NR band n3. Experimental measurements show that excess TX noise when operating CBW 25 and 30 MHz in n3 does not desensitize UE receiver chain. Considering the large duplex distance and large duplex gap of band n66, we can draw a conclusion that proposed reference sensitivity levels for n66 do not need to be reviewed. Measurements also show that in all cases, DFT-S-OFDM always deliver the worst TX noise emission levels. Therefore, we propose to mandate QPSK DFT-S-OFDM only for all NR reference sensitivity test cases. We also propose to align UL configuration resource block values to match the constraint associated with DFT-S-OFDM.
Proposal 1: Approve band n3 REFSENS numbers as listed in Table 6.

Table 5: Proposed n3 reference sensitivity levels

	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)
	40

MHz
(dBm)
	50

MHz
(dBm)
	60

MHz
(dBm)
	80

MHz
(dBm)
	100 MHz
(dBm)
	Duplex Mode

	n3
	15
	-97.0
	-93.8
	-92.0
	-90.8
	-89.7
	-88.9
	
	
	
	
	
	FDD

	
	30
	
	-94.1
	-92.1
	-91.0
	-89.8
	-89.0
	
	
	
	
	
	

	
	60
	
	-94.5
	-92.4
	-91.2
	-90.0
	-89.1
	
	
	
	
	
	


To account for observation 2, we propose to reduce the number of uplink configurations for reference sensitivity testing by using only QPSK DFT-S-OFDM waveforms. Accordingly, the number of physical resource blocks is defined to match the constraints associated to this waveform. This proposal is extended to all other NR bands in a separate contribution [3].
Proposal 2: Approve UL configurations for REFSENS for band n3 as in Table 7.3-3 (Table 6 in this proposal) with preceding text specifying that UL configuration should use DFT-s-OFDM waveforms.

The reference receive sensitivity (REFSENS) requirement specified in Table 7.3-1 and Table 7.3-2 shall be met for an uplink transmission using QPSK DFT-s-OFDM waveforms and for uplink transmission bandwidth less than or equal to that specified in Table 7.3-3.
Table 6: 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)
	40

MHz
(dBm)
	50

MHz
(dBm)
	60

MHz
(dBm)
	80

MHz
(dBm)
	100 MHz
(dBm)
	Duplex Mode

	n3
	15
	25
	501
	501
	501
	[501]
	[501]
	
	
	
	
	
	FDD

	
	30
	
	24
	241
	241
	[241]
	[241]
	
	
	
	
	
	

	
	60
	
	101
	101
	101
	[101]
	[101]
	
	
	
	
	
	

	NOTE 1:
1 Refers to the 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).


These are based on the following observations:

Observation 1: 

Currently proposed REFSENS values do not account for any excess noise from transmitter.
Observation 2:

· In band n3 TX excess noise does not degrade UE reference sensitivity levels for 25 MHz and 30 MHz cell bandwidth.

· Considering the large duplex gap and large duplex distance of band n66, results obtained from n3 show that reference sensitivity levels for n66 do not need to be reviewed.
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