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Introduction
In RAN4 97-e meeting, WF [1] and [2] about re-evaluating REFSENS of n8 and n71 for 35 channel bandwidth (CBW) were agreed. They proposed to use configuration of 20MHz UL/35MHz DL for bands n8 and n71. In this contribution, reference sensitivity of bands n8 and n71 for DL 35MHz CBW is proposed.  
Discussion
Analysis of Proposed n8 and n71 REFSENS Levels 
For deriving 35MHz REFSENS of n8 and n71, the guidance are from RAN4#97e WF[1] and WF[2].
In RAN4#97e WF [1], partial contents are shown as follows.
	WF on n8 and n71 UL BW:

· Option1: UL BW is limited to 20 MHz
· No need for ΔMPR, 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:
1. Option 1a: Worst case 20MHz UL closest to DL
2. Option 1b: Best case 20MHz UL furthest to DL
3. Option 1c: both 1a and 1b are specified
· Limited impact to band combinations
· Option2: 35MHz UL BW is supported
· Need for ΔMPR, NS_03 and NS_35 A-MPR and associated SEM requirements
· Large MSD with further reduced UL configuration and A-MPR are specified which does not help the link throughput
· Potential additional work for band combinations with n8 or n71 UL
· WF: Option 1 is chosen and exact 20MHz UL configuration can be part of WF R4-2016864 by selecting sub 
options a, b or c




In RAN4#97e WF [2], partial contents are shown as follows.
	· Due to the issues mentioned with 35MHz for Low bands and 45MHz with n2, the following WF is considered:
· Consider asymmetric UL/DL for n8, n71, n25
· Keep 35MHz for n8, n71 on the DL
· Keep 45MHz for n25 on the DL
· Configuration table is already in place
· Possibly introduce BCS1 for affected bands
· Re-evaluate REFSENS for the following with agreed UL configuration
· 20MHz UL/35MHz DL for n8 (Skyworks has provided)
· 20MHz UL/35MHz DL for n71 (Skyworks has provided)
· 45MHz DL only for n25 with UL restricted to ≤ 40MHz
· 35MHz UL/35MHz DL, 45MHz UL/45MHz DL for n3 (Qualcomm, Murata has provided)
· 35MHz UL/35MHz DL for n25 (Qualcomm, Murata has provided)
· Channel location(s) of asymmetric UL (Worst Case/Best Case) DL cases can be studied for MSD test points
· Potential agreement for UL configuration on slide 4 to be confirmed next meeting.
· Assume UL RB allocation is closest to DL band
· DL band is fully allocated.
· Other companies encouraged to bring measurements and analysis 




Due to wide channel bandwidth of 35MHz, TX IMD3 noise of transmission signal with carrier leakage or IQ image could fully fall into the RX 35MHz CBW together. The IMD3 noise is much larger than TX excess noise and higher-order ACLR noise. Before conducting the final results of MSD requirements. There are 2 important considerations. First, 20MHz UL/35MHz DL for n8 and n71 were agreed as default operation for evaluating RX REFSENS and reducing TX spec/test impact. As for evaluation of worst case, the 20MHz UL is closest to DL which is case B in [3] and [4]. Besides, LCRB of 25 was suggested in [2]. Regarding alignment of UL configuration, LCRB of 25 is also used here. Therefore, regarding worst case of 20MHz UL closest to DL, the evaluated MSD values for n8 and n71 are proposed in Table 1 and Table 2 respectively. 

Table 1: NR band n71 REFSENS relaxation for CBW of 35MHz under worst case
	Parameter
	Value
	Unit

	Antenna isolation 
	10
	dB

	PCB isolation from TX to RX
	65
	dB

	Primary RX front-end and path loss
	4.5
	dB

	Diversity RX front-end and path loss
	4
	dB

	Conductive rejection from PA output to LNA input
	55
	dB

	SNR requirement for QPSK
	-1
	dB

	Spur level referred to primary antenna port
	-66.6
	dBm/BW

	Spur level referred to diversity antenna port
	-66.6
	dBm/BW

	Baseline reference sensitivity without TX-noise impact 
	-88.6
	dBm/BW

	REFSENS relaxation with respect to baseline
	21.0
	dB



Table 2: NR band n8 REFSENS relaxation for CBW of 35MHz under worst case
	Parameter
	Value
	Unit

	Antenna isolation 
	10
	dB

	PCB isolation from TX to RX
	65
	dB

	Primary RX front-end and path loss
	4.5
	dB

	Diversity RX front-end and path loss
	4
	dB

	Conductive rejection from PA output to LNA input
	55
	dB

	SNR requirement for QPSK
	-1
	dB

	Spur level referred to primary antenna port
	-66.6
	dBm/BW

	Spur level referred to diversity antenna port
	-66.6
	dBm/BW

	Baseline reference sensitivity without TX-noise impact
	-88.4
	dBm/35MHz

	REFSENS relaxation with respect to baseline
	20.8
	dB




Proposal 1: Regarding n71 and n8 under worst case, REFSENS requirements for 35MHz CBW are provided in Table 3.

	Operating band / SCS / Channel bandwidth / Channel allocations / REFSENS/ Duplex mode

	Operating Band
	SCS kHz
	Channel bandwidth (DL)
(MHz)
	Channel bandwidth (UL)
(MHz)
	FC (DL)
(MHz)
	FC (UL)
(MHz)
	UL
allocation (LCRB)
	REFSENS
(dBm)
	Duplex
Mode

	n71
	15
	35
	20
	634.5
	673
	252
	-67.6
	FDD

	
	30
	
	
	
	
	102
	-67.7
	

	
	60
	
	
	
	
	
	
	

	n8
	15
	35
	20
	942.5
	897.5
	252
	-67.6
	FDD

	
	30
	
	
	
	
	102
	-67.7
	

	
	60
	
	
	
	
	
	
	

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	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)


Table 3: NR band n71 and n8 REFSENS relaxation for CBW of 35MHz under worst case

As for evaluation of best case, the 20MHz UL is furthest to DL which is case A in [3] and [4]. Since the UL BW is restricted to 20MHz and UL RB has to be closest to DL, the allocated RB location is almost around the center frequency of the TX band, and there is no TX IM3 and TX CIM5 issues. These scenarios were also considered in [5]. The evaluated TX excess noise impact for RX causes REFSENS degradation is shown in Table 4.  
Table 4: NR band n71 REFSENS relaxation for CBW of 35MHz under worst case
	Parameter
	Value
	Unit

	TX noise power at PRx/DRx ANT port
	-95.5
	dBm/BW

	n71 RX-path noise at PRx/DRX ANT port
	-84.6
	dBm/BW

	n8 RX-path noise at PRx/DRX ANT port
	-84.4
	dBm/BW

	n71 Baseline reference sensitivity without TX-noise impact
	-88.6
	dBm/BW

	n8 Baseline reference sensitivity without TX-noise impact
	-88.4
	dBm/BW

	n71 REFSENS after relaxation
	-88
	dBm/BW

	n8 REFSENS after relaxation
	-87.8
	dBm/BW


Observation 1: Regarding best case of 20MHz UL/35MHz DL for n8 and n71, 20Mz UL is furthest to DL and UL RB location is closest to DL. Therefore, the allocated RB is almost around TX center frequency which results in no TX IM3 and CIM5 issues. 

Proposal 2: Regarding n71 and n8 under best case, REFSENS requirements for 35MHz CBW are provided in Table 5.

	Operating band / SCS / Channel bandwidth / Channel allocations / REFSENS/ Duplex mode

	Operating Band
	SCS kHz
	Channel bandwidth (DL)
(MHz)
	Channel bandwidth (UL)
(MHz)
	FC (DL)
(MHz)
	FC (UL)
(MHz)
	UL
allocation (LCRB)
	REFSENS
(dBm)
	Duplex
Mode

	n71
	15
	35
	20
	634.5
	673
	252
	-88
	FDD

	
	30
	
	
	
	
	102
	-88.1
	

	
	60
	
	
	
	
	
	
	

	n8
	15
	35
	20
	942.5
	897.5
	252
	-87.8
	FDD

	
	30
	
	
	
	
	102
	-87.9
	

	
	60
	
	
	
	
	
	
	

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	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)


Table 5: NR band n71 and n8 REFSENS relaxation for CBW of 35MHz under best case
Conclusion
This contribution provides an analysis of REFSENS requirements for 35MHz channel bandwidth for NR bands n8 and n71 under worst and best cases. 

Proposal 1: Regarding n71 and n8 under worst case, REFSENS requirements for 35MHz CBW are provided in Table 3.

	Operating band / SCS / Channel bandwidth / Channel allocations / REFSENS/ Duplex mode

	Operating Band
	SCS kHz
	Channel bandwidth (DL)
(MHz)
	Channel bandwidth (UL)
(MHz)
	FC (DL)
(MHz)
	FC (UL)
(MHz)
	UL
allocation (LCRB)
	REFSENS
(dBm)
	Duplex
Mode

	n71
	15
	35
	20
	634.5
	673
	252
	-67.6
	FDD

	
	30
	
	
	
	
	102
	-67.7
	

	
	60
	
	
	
	
	
	
	

	n8
	15
	35
	20
	942.5
	897.5
	252
	-67.6
	FDD

	
	30
	
	
	
	
	102
	-67.7
	

	
	60
	
	
	
	
	
	
	

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	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)


Table 3: NR band n71 and n8 REFSENS relaxation for CBW of 35MHz under worst case

Observation 1: Regarding best case of 20MHz UL/35MHz DL for n8 and n71, 20Mz UL is furthest to DL and UL RB location is closest to DL. Therefore, the allocated RB is almost around TX center frequency which results in no TX IM3 and CIM5 issues. 

Proposal 2: Regarding n71 and n8 under best case, REFSENS requirements for 35MHz CBW are provided in Table 5.

	Operating band / SCS / Channel bandwidth / Channel allocations / REFSENS/ Duplex mode

	Operating Band
	SCS kHz
	Channel bandwidth (DL)
(MHz)
	Channel bandwidth (UL)
(MHz)
	FC (DL)
(MHz)
	FC (UL)
(MHz)
	UL
allocation (LCRB)
	REFSENS
(dBm)
	Duplex
Mode

	n71
	15
	35
	20
	634.5
	673
	252
	-88
	FDD

	
	30
	
	
	
	
	102
	-88.1
	

	
	60
	
	
	
	
	
	
	

	n8
	15
	35
	20
	942.5
	897.5
	252
	-87.8
	FDD

	
	30
	
	
	
	
	102
	-87.9
	

	
	60
	
	
	
	
	
	
	

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	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)


Table 5: NR band n71 and n8 REFSENS relaxation for CBW of 35MHz under best case
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