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1. Introduction
In this contribution, we provide the REFSENS level for NR V2X based on last meeting agreement [1].
2. Discussion
V2X UE REFSENS is defined by the following equation [2]:
REFSENSV2X=kTB + SNRV2X +10log10(LCRB/NRB) +( NFV2X+ IM)
Where
-
kTB: Thermal noise level in units of dBm. -104 dBm, -101 dBm, -99.2dBm and -98dBm can be used for 10MHz, 20MHz, 30MHz and 40MHz V2X requirements, separately.
-
NF: Noise figure. 13 dB is used for LAA and can be reused for NR V2X requirements. 9~10dB NF will be considered for licensed bands.
-
IM: 2.5 dB is assumed.
-
Target SNR: [-1] dB
Diversity gain
In last meeting, RAN4 agreed to introduce diversity gain for 2Rx for REFSENS. However, the exact value for diversity gain is TBD. Basically, RAN4 agreed to reuse the target SNR value of below 6GHz NR Uu system for NR V2X sidelink. The target SNR point was derived with 1Rx antenna RF architecture with 3dB diversity gain in NR system in Rel-15 [3]. So, the 3dB diversity gain is reasonable since the target SNR point for Rel-15 NR system is reused for NR V2X. The equation for NR V2X REFSENS should be updated as follows:
REFSENSV2X=kTB + SNRV2X +10log10(LCRB/NRB) +( NFV2X+ IM) - Diversity gain

· Proposal 1: Revise the REFSENS equation for NR V2X sidelink including diversity gain 3dB 
RB allocation (LCRB)
For RB allocation, since the allowed LCRB is [10, 15, 20, 25, 30, 40, 45, 50, 60, 70, 75, 80, 90, 100, 105, 110, 120, 130, 135, 140, 150, 160, 165, 170, 175, 180, 190, 195,200, 210] in NR V2X, full RB allocation is limited by LCRB. However, RAN1 has made working assumption to allow configuration all number of PRBs in a SL BWP as below. 

	Working assumption:
· For the number of PRBs for resource pool, allow configuration of all number of PRBs in a SL BWP. 

· FFS until RAN1#100bis-e whether/how to deal with remaining PRBs if the configured PRBs for resource pool is not a multiple of subchannel size.


Based on RAN1’s working assumption, the REFSENS for NR V2X sidelink should be derived based on full RB allocation.

· Proposal 2: V2X sidelink REFSENS should be derived based on full RB allocation.
Thermal noise level

The thermal noise level for NR V2X is -104 dBm, -101 dBm, -99.2dBm and -98dBm can be used for 10MHz, 20MHz, 30MHz and 40MHz. However, these levels are derived by channel bandwidth not transmission bandwidth configuration which is used for NR Uu. Therefore, the thermal noise level should be revised by [-174dBm(kT) + 10*log10(RX BW)] like NR Uu.

· Proposal 3: Revise the thermal noise level for NR V2X sidelink as [-174dBm(kT) + 10*log10(RX BW)] like NR Uu.
The REFSENS levels for NR V2X for n38 and n47 could be defined as shown in Table 2-1.
Table 2‑1 Proposed RESENS for NR V2X (PC5)
	NR Operating band / SCS / Channel bandwidth / Duplex-mode

	NR V2X Band
	SCS

kHz
	10MHz

(dBm)
	20MHz

(dBm)
	30MHz

(dBm)
	40MHz

(dBm)
	Duplex Mode

	n38
	15
	-96.8
	-93.8
	
	-90.6
	TDD

	
	30
	-97.1
	-94.0
	
	-90.7
	

	
	60
	-97.5
	-94.2
	
	-90.9
	

	n47
	15
	-92.8
	-89.7
	-87.9
	-86.6
	TDD

	
	30
	-93.1
	-89.9
	-88.0
	-86.7
	

	
	60
	-93.5
	-90.1
	-88.1
	-86.9
	


Table 2-2: Sidelink TX configuration for reference sensitivity of NR V2X Bands (PC5)
	NR operating Band / SCS/ Channel bandwidth / NRB / Duplex mode

	NR V2X Band
	SCS (kHz)
	10 MHz
(dBm)
	20 MHz
(dBm)
	30 MHz
(dBm)
	40 MHz
(dBm)
	Duplex Mode

	n38
	15
	52
	106
	
	216
	TDD

	
	30
	24
	51
	
	106
	

	
	60
	11
	24
	
	51
	

	n47
	15
	52
	106
	160 
	216
	TDD

	
	30
	24
	51
	78
	106
	

	
	60
	11
	24
	38
	51
	


· Proposal 4: Define the REFSENS levels and sidelink Tx configurations for NR V2X UE as shown in Table 2-1 and Table 2-2.
The REFSENS level for V2X con-current operation which are V2X_n71-n47 and EN-V2X_20_n38 can be reused by that for license band, so the REFSENS levels for V2X_n71-n47 and EN-V2X_20_n38 could be defined as shown in Table 2-3 and Table 2-4, respectively. 

Table 2‑3 Proposed RESENS for NR V2X con-current (V2X_n71-n47)
	Inter-band V2X reception
	Channel bandwidth

	NR V2X Band
	NR band
	NR Band
	SCS (kHz)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	30 MHz

(dBm)
	40 MHz (dBm)
	Duplex Mode

	n47
	n71
	n71
	15
	-97.2
	-94.0
	-91.6
	-86.0
	
	
	FDD

	
	
	
	30
	
	-94.3
	-91.9
	-87.4
	
	
	

	
	
	
	60
	
	
	
	
	
	
	

	
	
	n47
	15
	
	-92.8
	
	-89.7
	-87.9
	-86.6
	TDD

	
	
	
	30
	
	-93.1
	
	-89.9
	-88.0
	-86.7
	

	
	
	
	60
	
	-93.5
	
	-90.1
	-88.1
	-86.9
	


Table 2‑4 Proposed RESENS for NR V2X con-current (EN-V2X_20-n38)
	Inter-band EN-V2X reception
	
	Channel bandwidth

	NR V2X Band
	E-UTRA or V2X band
	Band
	SCS (kHz)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	30 MHz (dBm)
	40 MHz (dBm)
	Duplex Mode

	n38
	Band 20
	Band 20
	15
	-97
	-94
	-91.2
	-90
	
	
	FDD

	
	
	n38
	15
	
	-96.8
	
	-93.8
	
	-90.6
	TDD

	
	
	
	30
	
	-97.1
	
	-94.0
	
	-90.7
	

	
	
	
	60
	
	-97.5
	
	-94.2
	
	-90.9
	


· Proposal 5: Define the REFSENS levels for NR V2X con-current bands as shown in Table 2-3 and Table 2-4.

For the uplink test configurations for inter-band con-current NR V2X n71-n47 REFSENS requirements, Table 2-5 and Table 2-6 could be considered with 10MHz channel bandwidth.

Table 2‑5 Uplink configuration for reference sensitivity of NR V2X bands (PC5)

	Inter-band NR V2X con-current band configuration
	NR UL band / SCS / Channel BW / NRB / Duplex mode

	NR V2X band (PC5)
	NR V2X band (Uu)
	NR V2X UL band (Uu)
	SCS (kHz)
	Channel Bandwidth (MHz)
	NRB 
	Duplex Mode

	n47
	n71
	n71
	15
	10
	52
	FDD

	
	
	
	30
	10
	24
	

	
	
	
	60
	10
	11
	


Table 2‑6 SL Tx configuration for reference sensitivity of NR V2X bands (Uu)

	Inter-band NR V2X con-current band configuration
	NR UL band / SCS / Channel BW / NRB / Duplex mode

	NR V2X band (PC5)
	NR V2X band (Uu)
	NR V2X band (PC5)
	SCS(kHz)
	Channel Bandwidth (MHz)
	NRB 
	Duplex Mode

	n47
	n71
	n47
	15
	10
	52
	TDD

	
	
	
	30
	10
	24
	

	
	
	
	60
	10
	11
	


· Proposal 6: Use Table 2-5 and Table 2-6 for uplink or sidelink configurations of REFSENS for NR V2X con-current band
3. Conclusion 
In this contribution, we provide the REFSENS levels for NR V2X and propose
· Proposal 1: Revise the REFSENS equation for NR V2X sidelink including diversity gain 3dB

· Proposal 2: V2X sidelink REFSENS should be derived based on full RB allocation.
· Proposal 3: Revise the thermal noise level for NR V2X sidelink as [-174dBm(kT) + 10*log10(RX BW)] like NR Uu.
· Proposal 4: Define the REFSENS levels and sidelink Tx configurations for NR V2X UE as shown in Table 2-1 and Table 2-2.
· Proposal 5: Define the REFSENS levels for NR V2X con-current bands as shown in Table 2-3 and Table 2-4
· Proposal 6: Use Table 2-5 and Table 2-6 for uplink or sidelink configurations of REFSENS for NR V2X con-current band

Appendix
------------------- Start of Text Proposal for TR38.886 --------------------
------------------      Start of Change 1    --------------------
9
Receiver characteristics 

9.1
NR V2X UE Rx requirements in FR1

9.1.1
Reference sensitivity power level

The reference sensitivity power level REFSENS is the minimum mean power applied to the UE antenna connector at which the throughput shall meet or exceed 95% of the maximum throughput of the reference measurement channels.

The V2X UE REFSENS is defined by the following equation: 

REFSENSV2X=kTB + SNRV2X +10log10(LCRB/NRB) +( NFV2X+ IM) – Diversity gain
Where
-
kTB: Thermal noise level is [-174dBm(kT) + 10*log10(RX BW)]dBm.
-
NF: Noise figure. 13 dB is used for LAA and can be reused for NR V2X requirements. 9~10dB NF will be considered for licensed bands.
-
IM: 2.5 dB is assumed.
-
Target SNR: [-1] dB
-
Diversity gain: 3dB

The REFSENS requirements for NR V2X Bands (PC5) are in Table 9.1.1-1.
Table 9.1.1-1: Reference sensitivity for NR V2X Band (PC5)
	NR Operating band / SCS / Channel bandwidth / Duplex-mode

	V2X Band
	SCS

kHz
	10MHz

(dBm)
	20MHz

(dBm)
	30MHz

(dBm)
	40MHz

(dBm)
	Duplex Mode

	n38
	15
	[-96.8]
	[-93.8]
	
	[-90.6]
	TDD

	
	30
	[-97.1]
	[-94.0]
	
	[-90.7]
	

	
	60
	[-97.5]
	[-94.2]
	
	[-90.9]
	

	n47
	15
	[-92.8]
	[-89.7]
	[-87.9]
	[-86.6]
	HD

	
	30
	[-93.1]
	[-89.9]
	[-88.0]
	[-86.7]
	

	
	60
	[-93.5]
	[-90.1]
	[-88.1]
	[-86.9]
	


Table 9.1.1-2: Sidelink TX configuration for reference sensitivity of NR V2X Bands (PC5)
	NR operating Band / SCS/ Channel bandwidth / NRB / Duplex mode

	V2X Band
	SCS (kHz)
	10 MHz
(dBm)
	20 MHz
(dBm)
	30 MHz
(dBm)
	40 MHz
(dBm)
	Duplex Mode

	n38
	15
	[52]
	[106]
	
	[216
	TDD

	
	30
	[24]
	[51]
	
	[106]
	

	
	60
	[11]
	[24]
	
	[51]
	

	n47
	15
	[52]
	[106]
	[160] 
	[216]
	HD

	
	30
	[24]
	[51]
	[78]
	[106]
	

	
	60
	[11]
	[24]
	[38]
	[51]
	


------------------      End of Change 1    --------------------
------------------      Start of Change 2    --------------------
10
Tx/Rx characteristics of concurrent operation

10.1
NR V2X SL operation in 5.9GHz or other potential ITS spectrum and LTE/NR Uu operation in licensed band for FR1

1.1.1   Rx requirements for inter-band con-current NR V2X operation

1.1.1.1 REFSENS
For the NR V2X UE RF receiver requirements, RAN4 can refer the 2DL inter-band CA to define general UE RF Rx requirements for inter-band con-current NR V2X UE.
The legacy REFSENS requirement will be applied on CC of NR licensed band and NR V2X REFSENS requirements will be applied on CC of NR Band n47 if there was no self-interference problems in own receiver frequency band by own uplink and sidelink transmission.

Table 10.1.2.1-1 and Table 10.1.2.1-2 propose the uplink test configurations for inter-band con-current NR V2X REFSENS requirements. For the uplink configuration, RAN4 consider 10MHz Channel bandwidth.
Table 10.1.2.1-1: Uplink configuration for reference sensitivity of NR V2X bands (PC5)
	Inter-band NR V2X con-current band configuration
	NR UL band / SCS / Channel BW / NRB / Duplex mode

	NR V2X band (PC5)
	NR V2X band (Uu)
	NR V2X UL band (Uu)
	SCS (kHz)
	Channel Bandwidth (MHz)
	NRB 
	Duplex Mode

	n47
	n71
	n71
	15
	10
	[52]
	FDD

	
	
	
	30
	10
	[24]
	

	
	
	
	60
	10
	[11]
	


Table 10.1.2.1-2: SL Tx configuration for reference sensitivity of NR V2X bands (Uu)
	Inter-band NR V2X con-current band configuration
	NR UL band / SCS / Channel BW / NRB / Duplex mode

	NR V2X band (PC5)
	NR V2X band (Uu)
	NR V2X band (PC5)
	SCS(kHz)
	Channel Bandwidth (MHz)
	NRB 
	Duplex Mode

	n47
	n71
	n47
	15
	10
	[52]
	HD

	
	
	
	30
	10
	[24]
	

	
	
	
	60
	10
	[11]
	


Table 10.1.2.1-3 is proposed UE REFSENS requirements with inter-band con-current NR V2X UE reception.

Table 10.1.2.1-3: Reference sensitivity for NR V2X QPSK PREFSENS 
	Inter-band V2X reception
	
	Channel bandwidth

	NR V2X Band (PC5)
	NR V2X band (Uu)
	NR Band
	SCS (kHz)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	
	30 MHz (dBm)
	40 MHz (dBm)
	Duplex Mode

	n47
	n71
	n71
	15
	[-97.2]
	[-94.0]
	[-91.6]
	[-86.0]
	
	
	
	FDD

	
	
	
	30
	
	[-94.3]
	[-91.9]
	[-87.4]
	
	
	
	

	
	
	
	60
	
	
	
	
	
	
	
	

	
	
	n47
	15
	
	[-92.8]
	
	[-89.7]
	
	[-87.9]
	[-86.6]
	HD

	
	
	
	30
	
	[-93.1]
	
	[-89.9]
	
	[-88.0]
	[-86.7]
	

	
	
	
	60
	
	[-93.5]
	
	[-90.1]
	
	[-88.1]
	[-86.9]
	


Table 10.1.2.1-4 is proposed additional Rx insertion loss according to harmonic trap filter to reduce the harmonic problem based on specific self desense analysis according to specific NR V2X inter-band con-current operation.
Table 10.1.2.1-4: ΔRIB,c (two bands)
	V2X inter-band con-current band Combination
	NR V2X Band
	ΔRIB,c [dB]

	V2X_n71-n47
	n71
	0.0


------------------      End of Change 2    --------------------
------------------      Start of Change 3    --------------------
10.2
NR V2X SL operation and LTE/NR Uu operation both in licensed band for FR1

10.2.1  Tx requirements for inter-band con-current EN-V2X operation

------------------      Omit unchanged parts     --------------------
10.2.2  Rx requirements for inter-band con-current NR V2X operation

10.2.2.1 REFSENS
For the EN-V2X UE RF receiver requirements, RAN4 can refer the 2DL inter-band CA to define general UE RF Rx requirements for inter-band con-current EN-V2X UE.
The legacy REFSENS requirement will be applied on each CC of NR licensed bands if there was no self-interference problems in own receiver frequency band by own uplink and sidelink transmission.

Table 10.2.2.1-1 and Table 10.2.2.1-2 propose the uplink test configurations for inter-band con-current EN-V2X REFSENS requirements. For the uplink configuration, RAN4 consider 10MHz Channel bandwidth.
Table 10.2.2.1-1: Uplink configuration for reference sensitivity of EN-V2X UE (PC5)

	Inter-band EN-V2X con-current band configuration
	LTE or NR UL band / Channel BW / NRB / Duplex mode

	V2X band (PC5)
	LTE or NR band (Uu)
	LTE or NR UL band
	Channel Bandwidth (MHz)
	NRB 
	Duplex Mode

	n38
	B20
	B20
	10
	50
	FDD


Table 10.2.2.1-2: SL Tx configuration for reference sensitivity of EN-V2X UE (Uu)

	Inter-band EN-V2X con-current band configuration
	LTE or NR UL band / Channel BW / NRB / Duplex mode

	V2X band (PC5)
	LTE or NR band (Uu)
	NR V2X band (PC5)
	Channel Bandwidth (MHz)
	NRB 
	Duplex Mode

	n38
	B20
	n38
	10
	[52]
	TDD


Table 10.2.2.1-3 is proposed the REFSENS requirements with inter-band con-current EN-V2X UE reception.

Table 10.2.2.1-3: Reference sensitivity for V2X QPSK PREFSENS 

	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Inter-band EN-V2X reception
	
	Channel bandwidth

	NR V2X Band (PC5)
	E-UTRA  V2X band (Uu)
	Band
	SCS (kHz)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	30 MHz (dBm)
	40 MHz (dBm)
	Duplex Mode

	n38
	Band 20
	Band 20
	15
	-97
	-94
	-91.2
	-90
	
	
	FDD

	
	
	n38
	15
	
	[-96.8]
	
	[-93.8]
	
	[-90.6]
	TDD

	
	
	
	30
	
	[-97.1]
	
	[-94.0]
	
	[-90.7]
	

	
	
	
	60
	
	[-97.5]
	
	[-94.2]
	
	[-90.9]
	


Table 10.1.2.2-4 is proposed additional Rx insertion loss according to harmonic trap filter to reduce the harmonic problem based on specific self desense analysis according to specific NR V2X inter-band con-current operation.
Table 10.2.2.1-4: ΔRIB,c (two bands)
	V2X inter-band con-current band Combination
	V2X operating Band
	ΔRIB,c [dB]
	Note

	V2X_20_n38
	20
	TBD
	3rd harmonic from B20 impact into n38


------------------      End of Change 3    --------------------
------------------ End of Text Proposal for TR38.886 --------------------
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