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Introduction
[bookmark: _GoBack]At RAN plenary meeting 85, a new WI [1] has been agreed to introduce NR Band n1 with up to 40 MHz UE channel bandwidth (CBW) support. This contribution provides transmitter (TX) noise measurements in receiver (RX) band and IMD transmit power levels for several DFT-S-OFDM QSPK SCS15kHz waveforms.  We propose reference sensitivity levels and UL configurations and raw power class power 3 back-off levels to protect band 39/34 when n1 is operated at 30MHz and 40MHz channel bandwidth (CBW). This data can be used to calibrate simulation results. Final A-MPR tables need to take additional margin to measured values to account for various PA control schemes.
Experimental Measurements
Power Amplifier Calibration and Test Waveforms
· A band 1 power amplifier (PA) is calibrated to meet 1 dB MPR using a 100 RB QPSK DFT-s-OFDM SCS 15kHz with RBs allocated at the channel edge.
· According to WF [2], Tx noise in Rx band power level measurements are performed with the following waveforms for which the allocated Resource Blocks (RBs) are located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth.
· 25 MHz CBW: QPSK DFT-s-OFDM SCS 15 kHz with following RB allocations: 128RB5,
· 30 MHz CBW: QPSK DFT-s-OFDM SCS 15 kHz with following RB allocations: 128RB32,
· 40 MHz CBW: QPSK DFT-s-OFDM SCS 15 kHz with following RB allocations: 128RB88,
· 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,
· TX noise is measured at the band 1 duplex distance of 190 MHz.

Figure 1 below shows the spectrum of the PA input waveform used for TX noise measurement in RX band for 40MHz CBW operation. 
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Figure 1: PA input test waveform for 40MHz TX noise in RX band measurements.
Measurement Results
The measured TX noise levels in RX band are:
· 25 MHz: -53.1 dBm,
· 30 MHz: -52.1 dBm,
· 40 MHz: -50.4 dBm.
MSD and Reference Sensitivity Estimation
We assume:
· 50 dB Tx to RX and Tx to Antenna duplexer rejection in Rx band, as a worst case assumption,
· 10 dB Primary antenna to diversity antenna isolation,
· 4 dB Post PA loss,
· 4 dB Antenna to LNA front-end losses,
· 3 dB Antenna diversity gain
· -1 dB SNR.
· Previously agreed rules to compute correlated and uncorrelated MRC contributions.
Figure 2 below shows summarizes the MSD analysis and shows that n1 MSD levels are:
· 25 MHz CBW: 0.3 dB,
· 30 MHz CBW: 0.3 dB,
· 40 MHz CBW: 0.4 dB.
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Figure 2: n1 MSD analysis for 25,30,40 MHz CBW
Considering the less than 0.5 dB MSD levels, we confirm that previously agreed REFSENS levels for 25MHz and 30MHz and we make the following REFSENS and UL configuration proposal for n1 operation at 40MHz CBW:
Proposition 1: Adopt the following n1 REFSENS specifications as listed in table 1 and table 2 below.
Table 1: Proposed UL configuration for n1 REFSENS.
	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)
	90
MHz
(dBm)
	100 MHz
(dBm)
	Duplex Mode

	n1
	15
	-100.0
	-96.8
	-95.0
	-93.8
	-92.7
	-91.9
	-90.6
	
	
	
	
	
	FDD

	
	30
	
	-97.1
	-95.1
	-94.0
	-92.8
	-92.0
	-90.7
	
	
	
	
	
	

	
	60
	
	-97.5
	-95.4
	-94.2
	-93.0
	-92.1
	-90.8
	
	
	
	
	
	



Table 2: Proposed n1 REFSENS levels.
	Operating band / SCS / Channel bandwidth / Duplex mode

	Operating Band
	SCS kHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25 MHz
	30 MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	90
MHz
	100 MHz
	Duplex Mode

	n1
	15
	25
	501
	751
	1001
	1281
	1281
	1281
	
	
	
	
	
	FDD

	
	30
	
	24
	361
	501
	641
	641
	641
	
	
	
	
	
	

	
	60
	
	101
	18
	24
	301
	301
	301
	
	
	
	
	
	

	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).


n1 A-MPR Checks for Band 39/34 Protection
Table 3 below summarizes the band 39/34 requirements for A-MPR analysis.
Table 3: Additional requirements for B39/B34 Protection
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	E-UTRA band 34
	FDL_low
	-
	FDL_high
	-50
	1
	

	Frequency range
	1880
	-
	1895
	-40
	1
	

	Frequency range
	1895
	-
	1915
	-15.5
	5
	1, 2

	Frequency range
	1915
	-
	1920
	+1.6
	5
	1, 2

	NOTE 1:	The requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the channel bandwidth.
NOTE 2:	For these adjacent bands, the emission limit could imply risk of harmful interference to UE(s) operating in the protected operating band.



For band 34 protection, we assume a worst case filter rejection of 11dB.
Measurements are performed with the following RF parameters:
· A band 1 power amplifier (PA) is calibrated to meet 1 dB MPR using a 100 RB QPSK DFT-s-OFDM SCS 15kHz with RBs allocated at channel edge.
· IMD power levels are measured at the PA output port with:
· 30 MHz CBW, carrier = 1935 MHz, QPSK DFT-s-OFDM SCS 15 kHz with following RB allocations:1RB0,1RB5,1RB10,1RB20,6RB0,6RB5,6RB10,6RB20,10RB0,10RB5,10RB10,10RB20,20RB0,20RB5,20RB10,20RB20,30RB0,30RB5.
· 40 MHz CBW, carrier = 1960 MHz, QPSK DFT-s-OFDM SCS 15 kHz with following RB allocations:1RB215,1RB201,1RB196,1RB190,1RB175,10RB206,10RB200,10RB196,1RB0,1RB5,1RB10,1RB15,1RB20,1RB25,1RB33.
· 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.

n1 30MHz CBW Measurement Results
Measurement results can be found in table 4 below.
Table 4: Measured PC3 back-off levels for band 39/34 protection at 30 MHz CBW, carrier = 1935 MHz.
	RB allocation
	PC3 back-off [dB]

	1RB0
	8.4

	1RB5
	7.4

	1RB10
	7.4

	1RB20
	5.1

	6RB0
	5.3

	6RB5
	5.2

	6RB10
	4.8

	6RB20
	4.9

	10RB0
	4.4

	10RB5
	5

	10RB10
	5

	10RB20
	4.9

	20RB0
	4.3

	20RB5
	4.2

	20RB10
	4.8

	20RB20
	8.5

	30RB0
	4.2

	30RB5
	4.6



The intention here is to provide reference measurements points to calibrate simulation results. The highest observed raw back-off level is approximately 8.5 dB for PC3 operation in n1 30MHz CBW.
Observation 1: The highest raw back-off observed for PC3 operation in n1 30MHz CBW is approximately 8.5dB. A-MPR tables must add a margin to the values in Table 4 to account for all possible PA control schemes (eg. envelope tracking).
n1 40MHz CBW Measurement Results
Table 5: Measured PC3 back-off levels for band 39/34 protection at 40 MHz CBW, carrier = 1960 MHz.
	RB allocation
	A-MPR PC3 back-off [dB]

	1RB215
	12.3

	1RB201
	12.1

	1RB196
	4.1

	1RB190
	4

	1RB175
	3.8

	10RB206
	9.6

	10RB200
	9.5

	10RB196
	9.5

	1RB0
	5.2

	1RB5
	4.8

	1RB10
	4.5

	1RB15
	4.4

	1RB20
	4.8

	1RB25
	4.8

	1RB33
	4.8



The intention here is to provide reference measurements points to calibrate simulation results. The highest observed raw back-off level is approximately 12.3 dB for PC3 operation in n1 40MHz CBW.
Observation 2: The highest raw back-off observed for PC3 operation in n1 40MHz CBW is approximately 12.3 dB. A-MPR tables must add a margin to the values in Table 5 to account for all possible PA control schemes (eg. envelope tracking).

Conclusion
In this contribution we propose n1 UL configuration for REFSENS and n1 REFSENS levels based on power amplifier TX noise in RX band measurements. We also provide preliminary measurement raw back-off levels for power class 3 operation in n1 at 30MHz and 40 MHz CBW to protect band 39/34.
Proposition 1: Adopt the following n1 REFSENS specifications as listed in table 1 and table 2 below.
Table 1: Proposed UL Configuration for n1 REFSENS.
	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)
	90
MHz
(dBm)
	100 MHz
(dBm)
	Duplex Mode

	n1
	15
	-100.0
	-96.8
	-95.0
	-93.8
	-92.7
	-91.9
	-90.6
	
	
	
	
	
	FDD

	
	30
	
	-97.1
	-95.1
	-94.0
	-92.8
	-92.0
	-90.7
	
	
	
	
	
	

	
	60
	
	-97.5
	-95.4
	-94.2
	-93.0
	-92.1
	-90.8
	
	
	
	
	
	



Table 2: Proposed n1 REFSENS Levels.
	Operating band / SCS / Channel bandwidth / Duplex mode

	Operating Band
	SCS kHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25 MHz
	30 MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	90
MHz
	100 MHz
	Duplex Mode

	n1
	15
	25
	501
	751
	1001
	1281
	1281
	1281
	
	
	
	
	
	FDD

	
	30
	
	24
	361
	501
	641
	641
	641
	
	
	
	
	
	

	
	60
	
	101
	18
	24
	301
	301
	301
	
	
	
	
	
	

	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).



Observation 1: The highest raw back-off observed for PC3 operation in n1 30MHz CBW is approximately 8.5dB. A-MPR tables must add a margin to the values in Table 4 to account for all possible PA control schemes (eg. envelope tracking).
Observation 2: The highest raw back-off observed for PC3 operation in n1 40MHz CBW is approximately 12.3 dB. A-MPR tables must add a margin to the values in Table 5 to account for all possible PA control schemes (eg. envelope tracking).
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