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Introduction
[bookmark: _GoBack]At RAN plenary meeting 85, a new WI [1] has been agreed to introduce NR Band n28 with up to 30 MHz UE channel bandwidth (CBW) support. This contribution provides transmitter (TX) noise measurements in receiver (RX) band, and proposes reference sensitivity levels and UL configurations for UE operation in n28 based on previously agreed way forward (WF [2]).
Experimental Measurements
Power Amplifier Calibration and Test Waveforms
· A Band 28 power amplifier (PA) is calibrated to meet 1 dB MPR using a 100 RB QPSK DFT-s-OFDM SCS 15 kHz with RBs allocated at channel edge.
· For TX noise in RX band power level measurements, according to WF [2], reference sensitivity (REFSENS) is characterized for two cases:
· Case 1: Asymmetric channel bandwidth (UL 20 MHz/DL 30MHz),
· Case 2: Symmetric channel bandwidth (UL 30 MHz/DL 30 MHz),
· The following waveforms are used in 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.
· Case 1: 20 MHz CBW: QPSK DFT-s-OFDM SCS 15 kHz with following RB allocations: 1RB105, 5RB101, 10RB96, 20RB86, 25RB81, 30RB76, 40RB66, 50RB56, 60RB46, 80RB26, 100RB6,
· Case 2: 30 MHz CBW: QPSK DFT-s-OFDM SCS 15 kHz with following RB allocations: 1RB159, 5RB155, 10RB150, 20RB140, 25RB135, 40RB120, 60RB100, 80RB80, 100RB60,
· 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 28 duplex distance of 55 MHz.

Figure 1 below shows the spectrum of the PA input waveform used for TX noise measurement in RX band, C-IM3 and C-IM5 products are visible, with C-IM5 falling in RX band. 
[image: ]
Figure 1: PA input test waveform example spectrum plot.
Measurement Results
In Figure 2, the measured TX noise levels in RX band is plotted vs RB allocation size “LCRB” for case 1 (blue) and case 2 (orange). Note that with PA calibrated at 26 dBm, the PA ACLR performance falling in the RX band at the measured TX power level of 27 dBm exceeds 3GPP minimum requirements by approximately 2.5 dB. Therefore, these levels are representative of a worst case scenario.
[image: ]
Figure 2: Case 1 and Case 2 measured transmitter noise in receiver band for n28. Blue: Asymmetric UL 20 MHz/DL 30 MHz, Orange: symmetric UL 30 MHz/DL 30 MHz.

Uplink Configuration for n28 REFSENS

In Figure 2, for case 1 the TX noise level reaches an minimum across “LCRB” ranging from 30 to 50RB. With the proposed value of “LCRB” 25 RB in WF [2], the measured noise level is within 1 dB from the minimum observed. For case 2, “LCRB” of 25 RB corresponds to the observed minimum TX noise level. We therefore propose to adopt an uplink configuration of LCRB= 25 RB for both cases.
Observation 1: For 15 kHz SCS operation, in case 1 near minimum TX noise level may be reached using LCRB= 25 RB. For case 2, TX noise level in RX band reaches a minimum level across LCRB ranging from 20 to 30 RBs. 
Proposition 1: Adopt the following UL configuration in Table 1 for n28 REFSENS (case agnostic).
Table 1: n28 Uplink Configuration for Reference Sensitivity
	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

	n28
	15
	25
	251
	251
	251
	
	251
	
	
	
	
	
	
	FDD

	
	30
	
	101
	101
	101
	
	101
	
	
	
	
	
	
	

	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).



MSD and Reference Sensitivity Estimation
We assume:
· 50 dB Transmit port to receiver port 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
REFSENS for case 1
At the proposed LCRB= 25 RB, Figure 2 shows that the TX noise level in RX band is -44.1 dBm leading to an MSD after MRC combining of 1.7 dB. We therefore make the following proposal.
Proposition 2: For case 1 of asymmetric channel bandwidth (UL 20 MHz/DL 30 MHz), adopt the n28 REFSENS specifications in Table 2.
Table 2: n28 Reference Sensitivity Levels for Case 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)
	90
MHz
(dBm)
	100 MHz
(dBm)
	Duplex Mode

	n28
	15
	-98.5
	-95.5
	-93.5
	-90.8
	
	-88.7
	
	
	
	
	
	
	FDD

	
	30
	
	-95.6
	-93.6
	-91.0
	
	-88.8
	
	
	
	
	
	
	



REFSENS for Case 2
At the proposed LCRB= 25 RB, Figure 2 shows that the TX noise level in RX band is -24 dBm leading to an MSD after MRC combining of 11.7 dB. We therefore make the following proposal.
Proposition 3: For case 2 of symmetric channel bandwidth (UL 30 MHz/DL 30 MHz), adopt the following n28 REFSENS specifications.
Table 3: n28 Reference Sensitivity Levels for Case 2.
	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

	n28
	15
	-98.5
	-95.5
	-93.5
	-90.8
	
	-78.5
	
	
	
	
	
	
	FDD

	
	30
	
	-95.6
	-93.6
	-91.0
	
	-78.6
	
	
	
	
	
	
	



Conclusion
In this contribution, we propose to adopt an uplink configuration of LCRB= 25 RB for n28 REFSENS at 30 MHz channel bandwidth. We provide REFSENS levels for both case 1 and case 2 based on laboratory measurements.
Proposition 1: Adopt the following UL configuration in Table 1 for n28 REFSENS (case agnostic).
Table 1: n28 Uplink Configuration for Reference Sensitivity
	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

	n28
	15
	25
	251
	251
	251
	
	251
	
	
	
	
	
	
	FDD

	
	30
	
	101
	101
	101
	
	101
	
	
	
	
	
	
	

	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).



Proposition 2: For case 1 of asymmetric channel bandwidth (UL 20 MHz/DL 30 MHz), adopt the n28 REFSENS specifications in Table 2.
Table 2: n28 Reference Sensitivity Levels for Case 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)
	90
MHz
(dBm)
	100 MHz
(dBm)
	Duplex Mode

	n28
	15
	-98.5
	-95.5
	-93.5
	-90.8
	
	-88.7
	
	
	
	
	
	
	FDD

	
	30
	
	-95.6
	-93.6
	-91.0
	
	-88.8
	
	
	
	
	
	
	



Proposition 3: For case 2 of symmetric channel bandwidth (UL 30 MHz/DL 30 MHz), adopt the following n28 REFSENS specifications.
Table 3: n28 Reference Sensitivity Levels for Case 2.
	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

	n28
	15
	-98.5
	-95.5
	-93.5
	-90.8
	
	-78.5
	
	
	
	
	
	
	FDD

	
	30
	
	-95.6
	-93.6
	-91.0
	
	-78.6
	
	
	
	
	
	
	



References
[1]		RP-192261 New WI proposal: Addition of wider channel bandwidth in NR band n28, TSG-RAN Meeting #85

[2]		R4-1912979 WF for 30MHz channel bandwidth for n28, RAN4#92-bis


3GPP
image1.png
POWER (dBm/10KHz)

DFT_4_20MHZ_25RB_81_15_ud

gl

A o 1
FREQUENCY (MHz)

20 30 40




image2.emf
-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0 10 20 30 40 50 60 70 80 90 100

Measured Tx noise level in Rx band [dBm]

Band 28 UL RB allocation size (LCRB), 

RB being located as close as possible to the downlink operating 

Case 1: UL CBW = 20MHz

Case 2: UL CBW = 30MHz


