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1	Introduction 
In RAN4, #108b, the average reference sensitivity (REFSENS) values were tentatively agreed upon (as shown in brackets) in the chairman's meeting report for band n8, power class 3 (PC3) 30MHz downlink (DL) channel bandwidth (CBW) with uplink (UL) carrier restricted to 20MHz CBW. In this contribution, we present power amplifier (PA) measurements and propose n8 30MHz PC3 REFSENS levels.
2 Discussion
The tentatively agreed REFSENS of [-81.0] dBm for band n8 30MHz DL CBW with UL restricted to 20MHz CBW reproduced in Figure 1 is the average of values studied in [1,2].
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[bookmark: _Ref149911529]Figure 1: n8 30MHz REFSENS agreement from RAN4 #108bis.
It should be noted that the REFSENS value in [2] has been derived by linear interpolation of the agreed REFSENS levels for DL 25MHz and 35MHz CBW. Regarding the REFSENS values studied in [1], it is not clear if REFSENS has been evaluated using measurement results or simulation results. In this contribution, we bring PA measurement results to cross-check the tentative agreement
2.1 Power Amplifier Calibration
· PA calibration point is 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge with 1 dB MPR- PC3 ACLR -30 dBc
· Post PA losses: 4 dB
· Power Class 3 (PC3) operation
· Local Oscillator (LO) leakage: -28 dBc
· IQ Image rejection: -28 dB.
2.2 Measurement Results and MSD Proposal
The Band n8 PCC/SCC MSD is evaluated using the following parameters for the test point agreed upon in WF [4]:
· PC3 operation, Tx power level: 23 dBm
· Tx-Rx duplexer isolation: 50 dB
· Tx-antenna duplex rejection in Rx range: 45 dB
· Post-PA insertion losses: 4 dB
· Primary antenna to diversity antenna isolation: 10 dB
· MRC combining and -1 dB Signal-to-Noise Ratio (SNR)
· RF transceiver IC noise contribution in Rx band: -125dBm/Hz
· For asymmetric UL/DL CBW, the uplink carrier is configured at the default Tx-Rx frequency separation distance as specified in 5.3.6
· Band n8 UL configuration is restricted to 20MHz CBW, Lcrb=20RBstart86 for all measurements

The PA noise is measured for the following UL/DL CBW configurations as illustrated in Figure 2:
· to serve as baseline reference: 20/20 MHz, 20/25MHz, 20/35MHz
· to evaluate the band n8 30MHz REFSENS: 20/30MHz
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[bookmark: _Ref149913262]Figure 2: PA band n8 20MHz CBW Lcrb=20RBstart86 noise level in n8 DL 20,25,30,35MHz CBW.

The measured noise levels, agreed REFSENS/MSD (self-desense), evaluated MSD are summarized in Figure 3 and plotted in Figure 4.
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[bookmark: _Ref149817206]Figure 3: band n8 MSD analysis with UL restricted to 20MHz CBW.
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[bookmark: _Ref149914145]Figure 4: Noise and MSD vs n8 DL CBW.
Observation 1: 
· In Figure 4, the measured PA noise (plain blue line) does not rise linearly (dashed blue line) between DL n8 25MHz and n8 DL35MHz CBW,
· the measured MSD leads to lower REFSENS than the legacy agreements, 
· the band n8 30MHz CBW MSD is approximately 0.6dB higher than the MSD for 25MHz CBW.

Based on this observation, we propose a band n8 30MHz REFSENS calculated as the sum of the agreed MSD for 25MHz and the MSD difference between the MSD for 25MHz CBW and MSD for 30MHz CBW, i.e. 6.7dB (6.1dB + 0.6dB – refer to Figure 3).
Proposal 1: Consider adopting the following band n8 REFSENS requirements and uplink configuration of Table 1, Table 2, changes highlighted in green.
[bookmark: _Ref143750102]Table 1 band n8 REFSENS requirements
	Operating band / SCS / Channel bandwidth

	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)

	n8
	15
	-97.0
	-93.8
	-91.4
	-85.8
	-83.6
	-82.2
	-78.4
	
	
	

	
	30
	
	-94.1
	-91.7
	-87.2
	-84.7
	-82.8
	-78.5
	
	
	



[bookmark: _Ref149916247]Table 2 band n8 REFSENS uplink configuration
	Operating band / SCS (kHz) / Channel bandwidth (MHz) / Duplex mode

	Operating Band
	SCS
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50
	60
	70
	80
	90
	100
	Duplex Mode

	n8
	15
	25
	251
	201
	201
	Note 5
	Note 5
	Note 5
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	121
	101
	101
	Note 5
	Note 5
	Note 5
	
	
	
	
	
	
	
	
	

	Note 5:	For this DL channel bandwidth, the UL configuration of the highest UL channel bandwidth specified in Table 5.3.6-1 and the default Tx-Rx frequency separation specified in Table 5.4.4-1 shall be used.



Observation 2: If not already captured in a draft CR, consider bringing the changes highlighted in yellow to Table 5.3.6-1 – to be confirmed with proponent CBW request.
Table 5.3.6-1: FDD asymmetric UL and DL channel bandwidth combinations
	NR Band
	Channel bandwidths for UL (MHz)
	Channel bandwidths for DL (MHz)
	Asymmetric channel bandwidth combination set

	n5
	20
	25
	0

	n8
	20
	35
	0

	
	10, 15, 20
	25, 35
	1

	
	[10, 15, 20]
	[25, 30, 35]
	[2]

	n24
	10
	5
	0

	n25
	40
	45
	0

	n26
	20
	25, 30
	0

	n66
	5, 10
	20, 40
	0

	
	20
	40
	

	
	5, 10
	20, 25, 30, 40
	1

	
	20, 25, 30
	40
	

	
	5, 10, 15
	20, 25, 30, 35, 40
	2

	
	20, 25, 30
	40
	

	n70
	5, 10
	15
	0

	
	5, 10, 15
	20, 25
	

	n71
	5
	10
	0

	
	10
	15
	

	
	15
	20
	

	
	5
	10
	1

	
	10
	15
	

	
	15
	20
	

	
	20
	35
	

	
	20
	25, 30, 35
	2

	n911
	10
	5
	0

	n921
	5
	10, 15, 20
	0

	
	10
	15, 20
	

	n931
	10
	5
	0

	n941
	5
	10, 15, 20
	0

	
	10
	15, 20
	

	n105
	20
	25, 30, 35
	0

	NOTE 1:	The assignment of the paired UL and DL channels are subject to a TX-RX separation as specified in clause 5.4.4.
NOTE 2:	As indicated in TS38.306 [15], it is mandatory for UEs to support asymmetric channel BCS0 if there is an asymmetric BCS0 defined for the band.



3 Conclusion
In this contribution, we have presented measurements and MSD evaluation results for band n8 30MHz downlink CBW. We make the following proposal and observations.
Observation 1: 
· In Figure 4, the measured PA noise (plain blue line) does not rise linearly (dashed blue line) between DL n8 25MHz and n8 DL35MHz CBW,
· the measured MSD leads to lower REFSENS than the legacy agreements, 
· the band n8 30MHz CBW MSD is approximately 0.6dB higher than the MSD for 25MHz CBW.

Proposal 1: Consider adopting the following band n8 REFSENS requirements and uplink configuration of Table 1, Table 2, changes highlighted in green.
Table 1 band n8 REFSENS requirements
	Operating band / SCS / Channel bandwidth

	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)

	n8
	15
	-97.0
	-93.8
	-91.4
	-85.8
	-83.6
	-82.2
	-78.4
	
	
	

	
	30
	
	-94.1
	-91.7
	-87.2
	-84.7
	-82.8
	-78.5
	
	
	



Table 2 band n8 REFSENS uplink configuration
	Operating band / SCS (kHz) / Channel bandwidth (MHz) / Duplex mode

	Operating Band
	SCS
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50
	60
	70
	80
	90
	100
	Duplex Mode

	n8
	15
	25
	251
	201
	201
	Note 5
	Note 5
	Note 5
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	121
	101
	101
	Note 5
	Note 5
	Note 5
	
	
	
	
	
	
	
	
	

	Note 5:	For this DL channel bandwidth, the UL configuration of the highest UL channel bandwidth specified in Table 5.3.6-1 and the default Tx-Rx frequency separation specified in Table 5.4.4-1 shall be used.



Observation 2: If not already captured in a draft CR, consider bringing the changes highlighted in yellow to Table 5.3.6-1 – to be confirmed with proponent CBW request.
Table 5.3.6-1: FDD asymmetric UL and DL channel bandwidth combinations
	NR Band
	Channel bandwidths for UL (MHz)
	Channel bandwidths for DL (MHz)
	Asymmetric channel bandwidth combination set

	n5
	20
	25
	0

	n8
	20
	35
	0

	
	10, 15, 20
	25, 35
	1

	
	[10, 15, 20]
	[25, 30, 35]
	[2]

	n24
	10
	5
	0

	n25
	40
	45
	0

	n26
	20
	25, 30
	0

	n66
	5, 10
	20, 40
	0

	
	20
	40
	

	
	5, 10
	20, 25, 30, 40
	1

	
	20, 25, 30
	40
	

	
	5, 10, 15
	20, 25, 30, 35, 40
	2

	
	20, 25, 30
	40
	

	n70
	5, 10
	15
	0

	
	5, 10, 15
	20, 25
	

	n71
	5
	10
	0

	
	10
	15
	

	
	15
	20
	

	
	5
	10
	1

	
	10
	15
	

	
	15
	20
	

	
	20
	35
	

	
	20
	25, 30, 35
	2

	n911
	10
	5
	0

	n921
	5
	10, 15, 20
	0

	
	10
	15, 20
	

	n931
	10
	5
	0

	n941
	5
	10, 15, 20
	0

	
	10
	15, 20
	

	n105
	20
	25, 30, 35
	0

	NOTE 1:	The assignment of the paired UL and DL channels are subject to a TX-RX separation as specified in clause 5.4.4.
NOTE 2:	As indicated in TS38.306 [15], it is mandatory for UEs to support asymmetric channel BCS0 if there is an asymmetric BCS0 defined for the band.



4 References
[1] R4-2315442 n8 DL 30MHz REFSENS and RSD, 3GPP TSG-RAN WG4 Meeting # 108-bis, Murata Manufacturing Co Ltd
[2] R4- 2316774 Discussion on adding 30MHz CBW for band n8, 3GPP TSG-RAN WG4 Meeting # 108-bis, Xiamen, Huawei, HiSilicon.
image1.png
Issue 6-1-1: PC3 REFSENS for 30MHz DL CBW

UL RB allocation: 20 RBs at the bottom of the channel for 20 MHz CBW.

e  Proposals

Table 6-1-1-1: Two antenna port QPSK PREFSENS for n8
SCS / Channel bandwidth
Source
SCS kHz 30MHz (dBm)
R4-2315442 (Murata) ig 813
R4-2316774 (Huawei. 15 -80.6
HisSilicon) 30 -80.7
Aver 15 80.9
verage 30 [-81.0]

¢ Recommended WF

o Take the average values as REFSENS





image2.emf
900.00910.00920.00930.00940.00950.00960.00

Amplitude (dBm/100kHz)

Frequency (MHz)

n8 DL band n8 UL band

UL 20M / DL 20M

900.00910.00920.00930.00940.00950.00960.00Amplitude (dBm/100kHz)Frequency (MHz)

n8 DL band n8 UL band

UL 20M / DL 25M

900.00 910.00 920.00 930.00 940.00

950.00960.00

Amplitude (dBm/100kHz)

Frequency (MHz)

n8 DL band n8 UL band

UL 20M / DL 30M

900.00910.00920.00930.00940.00

950.00 960.00

Amplitude (dBm/100kHz)Frequency (MHz)

n8 DL band n8 UL band

UL 20M / DL 35M


image3.png
PC3 noise for

PC3 noise for

PC3 noise for

PC3 noise for

UL/DL: 20/20 (MH2) | UL/DL: 20/25 (MHz) | UL/DL: 20/30 (MHz) | UL/DL: 20/35 (MHz)
Measured Tx noise in respective band ng CBW. [dBm/MBW]
Duplexer rejection: [Tx-Rx] / [Tx-Ant.]| [dB] 50 a5 50 a5 50 a5 50 a5
Diplexer rejection of PA Tx noise atng DLfreq.| [dB] ) [ n/a [
Insertion losses: [Ant. to LNA] / [PAto Ant]| _[dB] 4 ) a ) 2 o 4 o
‘Antenna-to-Antenna isolation| __[dB] [ 10 [ 10 [ 10 o 10
Antenna referred in-channel levels: [primary]/[diversity] | [dBm/MBW] | -87.5 -92.5 -85.8 -90.8. -84.0 -89.0 -79.6 -84.6
Ideal REFSENS: [n8 DL CBW 20,25,30,35 MHz] | [dBm/MBW] 50,7 -88.9 852
noise floor| [dBm/mBw] | 867 | 867 | 857 | 857 | -sa3 | -sas | -sa2 | 842
‘Antenna referred IM2 noise due to Tx leakage| [dBm/MBW] | 9990 | 999.0 | 9990 | 9990 | 9990 | 9990 | 9990 | 9990
Total noise level at antenna connector| [dBm/MBWI | 87.5 | 925 | 858 | 908 | 820 | 850 | 796 | -846
8 REFSENS degradation| _[dB] 26 10 30 12 35 14 59 28
RMIC REFSENS degradation| _cor [dB] 290 3.20 3.80 6.00
‘agreed REFSENS| [dBm/MBW] -85.80 “83.60 81 -78.40
AgreedMsD| [dB] 29 61 7.9 o8
measured MRC REFSENS| __[dB) 81.8 8.5 851 822





image4.emf
-44

-42

-40

-38

-36

-34

-32

15 20 25 30 35 40

n8 noise in DL CBW (dBm/MBW)

UL 20MHz Lcrb=20RBstart86  

n8 downlink CBW (MHz)


image5.emf
0

2

4

6

8

10

12

20 25 30 35

n8 MSD / self

-

desense (dB)

UL 20MHz Lcrb=20RBstart86  

n8 downlink CBW (MHz)

Agreed MSD (dB)

Measured MSD (dB)


