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Introduction
In last meeting, RAN4 had agreements for reference sensitivity for NR V2X under following condition [1]: 
· Additional ΔRREFSENS shall be added to the reference sensitivity when any target SNR/RB number/diversity gain/Noise figure values are changed from those used to drive the REFSENS in the above table.
In this contribution, we provide simulation results for target SNR and our views on other parameters for V2X REFSENS.  

Discussion
Parameters to derive REFSENS for NR V2X
In TS38.101-1, REFSENS for NR V2X has been defined in last RAN4 meeting under following assumptions:
· NF: Noise figure. 13 dB for NR V2X (n47) and 9dB NF for the licensed bands (n38)
· IM: 2.5 dB is assumed
· Target SNR: -1 dB
· Diversity gain: 3dB
RAN4 agreed that REFSENS value should be updated when any target SNR/RB number/diversity gain/Noise figure values are changed from those used to drive the REFSENS.
RB number (LCRB)
In RAN1#101-e, RAN1 has agreement for the number of PRB configured for a resource pool. 
	 Agreements made in RAN1#101-E:
· Regarding the number of PRBs configured for a resource pool, all PRBs: UE is not expect to use the remaining PRBs (i.e., not large enough for a full subchannel) in Rel-16
· Introduce a single subchannel size {12} PRBs. 



According to RAN1 agreements, a new subchannel size {12} PRBs was introduced. So, LCRB to calculate REFSENS should be updated.
Table 1 LCRB for REFSENS
	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

	n47
	15
	50
	105
	160 
	216
	TDD

	
	30
	24
	50
	75
	105
	

	
	60
	10
	24
	36
	50
	



· Proposal 1: LCRB for REFSENS should be updated using Table 1.

Target SNR
RAN4 had consensus that the target SNR for NR V2X reuse that for NR Uu to derive REFSENS value without simulation works. To confirm current target SNR level for REFSENS, simulation results Fig1~3 are provided based on simulation assumptions in Table 2. The SNR at 5% BLER for three cases is around -1.6 ~ -1.5dB. Therefore, -1 dB target SNR for REFSENS could be used.
· Proposal 2: -1dB target SNR for REFSENS should be confirmed.

Table 2 Simulation assumptions for REFSENS
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	10
	20
	40

	Subcarrier spacing
	kHz
	30
	30
	30

	Allocated resource blocks
	
	24
	50
	105

	Subcarriers per resource block
	
	12
	12
	12

	Modulation
	
	QPSK
	QPSK
	QPSK

	Target Coding Rate
	
	1/3
	1/3
	1/3

	MCS Index (Note1)
	
	4
	4
	4

	Number of DMRS per slot
	
	2
	2
	2

	Channel condition
	
	AWGN
	AWGN
	AWGN

	CP-OFDM symbols per slot (Note3)
	
	12
	12
	12

	Transport Block Size
	bits
	1544
	3624
	7936

	Transport block CRC
	Bits
	24
	24
	24

	Maximum number of HARQ transmissions
	
	1
	1
	1

	Payload size
	
	1544
	3624
	7936

	Binary Channel Bits per subframe
	Bits
	5136
	12000
	26520

	Total modulated symbols per slot (Note2)
	
	2568
	6000
	13260

	Note 1:  MCS Index is based on MCS table 5.1.3.1-1 defined in 38.214
Note 2:  The following resources are excluded for PSSCH transmission: 10RBs and 3 symbols allocated to PSCCH; 240 REs allocated to second stage SCI; 2 symbols allocated to PSSCH DMRS.
Note 3:  PSSCH allocation consists of 12 OFDM symbols, i.e., there is no PSFCH resource
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Figure 1 BLER performance for 10MHz CBW
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Figure 2 BLER performance for 20MHz CBW
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Figure 3 BLER performance for 40MHz CBW

Diversity gain
Similar to target SNR, 3dB diversity gain for NR V2X reused that for NR Uu to derive REFSENS for NR V2X. For the background of 3dB diversity gain for NR Uu, RAN4 considered that some issues for 3dB diversity gain might be embedded in IM taking into account the frequency range, note that for test the 3dB apply as it is a conducted test. So, we prefer to keep the same approach for NR V2X diversity gain even though around 2.6~2.7dB diversity gain is observed based on simulation results in Fig1~3.
· Proposal 3: Use 3dB diversity gain for REFSENS similar to NR Uu approach for diversity gain

Update REFSENS for NR V2X
Based on Proposal 1~3, REFSENS level for NR V2X for n38 and n47 should be updated as shown in Table 3.

Table 3 Proposed REFSENS for NR V2X (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
	-97.0
	-93.7
	-91.9
	-90.6
	TDD

	
	30
	-97.1
	-93.9
	-92.2
	-90.7
	

	
	60
	-97.9
	-94.1
	-92.4
	-90.9
	

	n47
	15
	-93.0
	-89.7
	-87.9
	-86.6
	HD

	
	30
	-93.1
	-89.9
	-88.2
	-86.7
	

	
	60
	-93.9
	-90.1
	-88.4
	-86.9
	



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 4 and Table 5, respectively. 

Table 4 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
	
	-93.0
	
	-89.7
	-87.9
	-86.6
	HD

	
	
	
	30
	
	-93.1
	
	-89.9
	-88.2
	-86.7
	

	
	
	
	60
	
	-93.9
	
	-90.1
	-88.4
	-86.9
	



Table 5 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
	
	-97.0
	
	-93.7
	-91.9
	-90.6
	HD

	
	
	
	30
	
	-97.1
	
	-93.9
	-92.2
	-90.7
	

	
	
	
	60
	
	-97.9
	
	-94.1
	-92.4
	-90.9
	




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


Conclusion 
In this contribution, we provide simulation results for target SNR and our views on other parameters for V2X REFSENS. Based on our views, we propose and update REFSENS levels

· Proposal 1: LCRB for REFSENS should be updated using Table 1.
· Proposal 2: -1dB target SNR for REFSENS should be confirmed.
· Proposal 3: Use 3dB diversity gain for REFSENS similar to NR Uu approach for diversity gain
· Proposal 4: Update the REFSENS levels for NR V2X single and con-current bands as shown in Table 3~5. 
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Appendix

------------------- Start of Text Proposal for TR38.886 --------------------
------------------      Start of Change 1    --------------------
[bookmark: _Toc461002576][bookmark: _Toc36034824][bookmark: _Toc42537424][bookmark: _Toc46356489]9	Receiver characteristics 
[bookmark: _Toc36034825][bookmark: _Toc42537425][bookmark: _Toc46356490]9.1	NR V2X UE Rx requirements in FR1
When a NR V2X UE is TDM operating between NR SL and LTE SL at n47, the NR V2X UE need to satisfy the individual V2X Rx requirements of each RAT.

[bookmark: _Toc463997783][bookmark: _Toc36034826][bookmark: _Toc42537426][bookmark: _Toc46356491]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*SCS*12/RX_BW) +( 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. FFS on whether 9~10dB NF will be considered for the 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 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
	[-96.897.0]
	[-93.87]
	-91.9
	[-90.6]
	TDDHD

	
	30
	[-97.1]
	[-94.093.9]
	-92.2
	[-90.7]
	

	
	60
	[-97.59]
	[-94.21]
	-92.4
	[-90.9]
	

	n47
	15
	[-92.893.0]
	[-89.7]
	[-87.9]
	[-86.6]
	HD

	
	30
	[-93.1]
	[-89.9]
	[-88.02]
	[-86.7]
	

	
	60
	[-93.59]
	[-90.1]
	[-88.14]
	[-86.9]
	



Table 9.1.1-2: Sidelink TX configuration for reference sensitivity of 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
	5250
	106105
	160
	216
	TDDHD

	
	30
	24
	5150
	75
	106105
	

	
	60
	1110
	24
	36
	5150
	

	n47
	15
	5250
	106105
	160 
	216
	HD

	
	30
	24
	5150
	7875
	106105
	

	
	60
	1110
	24
	3836
	5150
	



------------------      End of Change 1    --------------------

------------------      Start of Change 2    --------------------
[bookmark: _Toc36034835][bookmark: _Toc42537435][bookmark: _Toc46356500]10	Tx/Rx characteristics of concurrent operation

[bookmark: _Toc36034836][bookmark: _Toc42537436][bookmark: _Toc46356501]10.1	NR V2X SL operation in 5.9GHz or other potential ITS spectrum and LTE/NR Uu operation in licensed band for FR1
------------------      Omit unchanged parts     --------------------


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
10.1 
10.1.1 
10.1.2 [bookmark: _GoBack]  Rx requirements for inter-band con-current NR V2X operation

10.1.2.1 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 V2X UE (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]50
	 FDD

	
	
	
	30
	10
	[24]
	

	
	
	
	60
	10
	[11]10
	



Table 10.1.2.1-2: SL Tx configuration for reference sensitivity of V2X UE (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]50
	HD

	
	
	
	30
	10
	[24]
	

	
	
	
	60
	10
	[11]10
	



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 V2X QPSK PREFSENS 
	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
	
	[-92.893.0]
	
	[-89.7]
	
	[-87.9]
	[-86.6]
	HD

	
	
	
	30
	
	[-93.1]
	
	[-89.9]
	
	[-88.02]
	[-86.7]
	

	
	
	
	60
	
	[-93.59]
	
	[-90.1]
	
	[-88.14]
	[-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    --------------------

[bookmark: _Toc36034862]10.2	NR V2X SL operation and LTE/NR Uu operation both in licensed band for FR1

------------------      Omit unchanged parts     --------------------

10 [bookmark: _Toc36034884]
10.2.1 
10.2.2  Rx requirements for inter-band con-current NR V2X operation
10.2.2.1 [bookmark: _Toc36034885]REFSENS

For the 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 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 V2X REFSENS requirements. For the uplink configuration, RAN4 consider 10MHz Channel bandwidth.
Table 10.2.2.1-1: Uplink configuration for reference sensitivity of V2X UE (PC5)
	Inter-band 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 V2X UE (Uu)
	Inter-band 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)
	SCS
(kHz)
	NRB 
	Duplex Mode

	n38
	B20
	n38
	10
	15
	[52]50
	HD

	
	
	
	
	30
	24
	

	
	
	
	
	60
	10
	



Table 10.2.2.1-3 is proposed the REFSENS requirements with inter-band con-current V2X UE reception.
Table 10.2.2.1-3: Reference sensitivity for V2X QPSK PREFSENS 
	Inter-band V2X reception
	Channel bandwidth

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

	n38
	B20
	B20
	15
	-97
	-94
	-91.2
	-90
	
	
	FDD

	
	
	n38
	15
	
	[-96.897.0]
	
	[-93.87]
	-91.9
	[-90.6]
	HD

	
	
	
	30
	
	[-97.1]
	
	[-94.093.9]
	-92.2
	[-90.7]
	

	
	
	
	60
	
	[-97.59]
	
	[-94.21]
	-92.4
	[-90.9]
	



------------------      End of Change 3    --------------------

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