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1. Introduction
The sidelink-unlicensed single carrier requirement has been initially discussed in the last RAN4 meeting. In this paper, we try to finalize the requirements for the RX part.
2. Discussion
The RX requirements are listed as below with comparing both the sidelink requirement and the NR-U requirement and try to finalize the SL-U requirement.
	Requirement 
	Sidelink
	NR-U
	Potential SL-U

	Reference sensitivity
	Requirement defined for different SCS and CBW
	Requirement defined for different SCS and CBW
	Detail defined in following discussion

	Max input level
	Different measurement channel for 64QAM and 256QAM
	General NR requirement
	To align the requirement based on sidelink specific FRC.

	ACS
	27dB for 20MHz
24dB for 40MHz
	24 – 10log10(BWChannel /20)
24dB for 20MHz
21dB for 40MHz
	Propose to reuse the NR-U requirement.

	Blocking characteristics
	In-band blocking
PREFSENS_V2X + channel bandwidth specific value below (9 for 20MHz and 12 for 40MHz)
Out-of-band blocking
PREFSENS_V2X + channel bandwidth specific value below (9 for 20MHz and 12 for 40MHz)
	In-band blocking\
REFSENS + 9 dB + 10log10(BWChannel /20) dB
Out-of-band blocking
REFSENS + 9 dB
	Different measurement channel apply. For out-of-band blocking, different interference level to sidelink.

	Spurious response
	PREFSENS_V2X + channel bandwidth specific value below (9 for 20MHz and 12 for 40MHz)
	REFSENS + 9 dB
	Different measurement channel apply. Different interference level of NR-U to sidelink.

	Intermodulation
	PREFSENS_V2X + channel bandwidth specific value below (9 for 20MHz and 12 for 40MHz)
	REFSENS + 9 dB + 10log10(BWChannel /20) dB
	Different measurement channel apply.


For the REFSENSE requirement for NR sidelink has been captured in the TR 38.886 as captured below.
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. Assumed NF is 9dB < 3GHz, NF is 10dB>= 3GHz (e.g B42, n77, n78, n79…) at licensed bands at FR1.
-	IM: 2.5 dB is assumed. When the number of RB size equal to or less than 24RBs, 0.5dB additional relaxation is allowed.
-	Target SNR: -0.5 dB
-	Diversity gain: 3dB


While the REFSENS requirement for band 46 has been defined as -90dBm and the same formula is used of NR sidelink and captured as:
-174 dBm/Hz + 10*log10(18 MHz) + 13 dB NF and FE loss + 2.5 dB implementation margin -1 dB demod SNR – 3 dB diversity gain = -90 dBm.
Comparing to the NR sidelink REFSENS requirement, we see the NF are used the same for 13dB as of LAA while the SNR is -0.5dB for NR sidelink and -1dB in NR-U. In this case we would like to propose similar SNR for NR sidelink with -0.5dB.
Observation 1: The only difference of NR-U and sidelink REFSENSE requirement is the target SNR difference.
Proposal 1: It is proposed to reuse the sidelink target SNR to derive the REFSENS requirement.
With the agreed SNR and CBW and the equation above, the SL-U REFSENS is proposed as below:
	Operating band / SCS / Channel bandwidth / REFSENS

	Operating band
	SCS
kHz
	Channel bandwidth (MHz)
	REFSENS (dBm)8
	Duplex Mode

	n46
	15
	20, 40
	-89.2 + 10log10(NRB/106)
	TDD

	
	30
	20, 40, 60, 80, 100
	-89.4 + 10log10(NRB/51)
	

	
	60
	60, 80, 100
	-89.6 + 10log10(NRB/24)
	

	n96, n102
	15
	20, 40
	-88.7 + 10log10(NRB/106)
	TDD

	
	30
	20, 40, 60, 80, 100
	-88.9 + 10log10(NRB/51)
	

	
	60
	60, 80, 100
	-89.1 + 10log10(NRB/24)
	

	NOTE 1:	The REFSENS value is rounded to the nearest number down to one decimal point. “NRB” in REFSENS formula is the maximum transmission bandwidth configuration as defined in Table 5.3.2-1.


Proposal 2: It is proposed to agree on the above REFSENSE requirement for SL-U.
Proposal 3: It is proposed to agree the TP to TR in the annex.
3	Conclusions
In this contribution, we give initial discussion on the sidelink evolution and the observation and proposals are shown as below:
Observation 1: The only difference of NR-U and sidelink REFSENSE requirement is the target SNR difference.
Proposal 1: It is proposed to reuse the sidelink target SNR to derive the REFSENS requirement.
Proposal 2: It is proposed to agree on the above REFSENSE requirement for SL-U.
Proposal 3: It is proposed to agree the TP to TR in the annex.
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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. Assumed NF is 9dB < 3GHz, NF is 10dB>= 3GHz (e.g B42, n77, n78, n79…) at licensed bands at FR1.
-	IM: 2.5 dB is assumed. When the number of RB size equal to or less than 24RBs, 0.5dB additional relaxation is allowed.
-	Target SNR: -0.5 dB
-	Diversity gain: 3dB
While the REFSENS requirement for band 46 has been defined as -90dBm and the same formula is used of NR sidelink and captured as:
-174 dBm/Hz + 10*log10(18 MHz) + 13 dB NF and FE loss + 2.5 dB implementation margin -1 dB demod SNR – 3 dB diversity gain = -90 dBm.
Comparing to the NR sidelink REFSENS requirement, we see the NF are used the same for 13dB as of LAA while the SNR is -0.5dB for NR sidelink and -1dB in NR-U. In this case similar SNR for NR sidelink with -0.5dB is agreed for SL-U.
With the agreed SNR and CBW and the equation above, the SL-U REFSENS is proposed as below:
	Operating band / SCS / Channel bandwidth / REFSENS

	Operating band
	SCS
kHz
	Channel bandwidth (MHz)
	REFSENS (dBm)8
	Duplex Mode

	n46
	15
	20, 40
	-89.2 + 10log10(NRB/106)
	TDD

	
	30
	20, 40, 60, 80, 100
	-89.4 + 10log10(NRB/51)
	

	
	60
	60, 80, 100
	-89.6 + 10log10(NRB/24)
	

	n96, n102
	15
	20, 40
	-88.7 + 10log10(NRB/106)
	TDD

	
	30
	20, 40, 60, 80, 100
	-88.9 + 10log10(NRB/51)
	

	
	60
	60, 80, 100
	-89.1 + 10log10(NRB/24)
	

	NOTE 1:	The REFSENS value is rounded to the nearest number down to one decimal point. “NRB” in REFSENS formula is the maximum transmission bandwidth configuration as defined in Table 5.3.2-1.




7.1.2	Maximum input level for NR SL-U
To reuse the sidelink requirement while the sidelink FRC in unlicensed band needs to be defined.
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	Requirement 
	Sidelink
	NR-U
	Potential SL-U

	Reference sensitivity
	Requirement defined for different SCS and CBW
	Requirement defined for different SCS and CBW
	Detail defined in following discussion

	Max input level
	Different measurement channel for 64QAM and 256QAM
	General NR requirement
	To align the requirement based on sidelink specific FRC.

	ACS
	27dB for 20MHz
24dB for 40MHz
	24 – 10log10(BWChannel /20)
24dB for 20MHz
21dB for 40MHz
	Co-existence study might be needed.

	Blocking characteristics
	In-band blocking
PREFSENS_V2X + channel bandwidth specific value below (9 for 20MHz and 12 for 40MHz)
Out-of-band blocking
PREFSENS_V2X + channel bandwidth specific value below (9 for 20MHz and 12 for 40MHz)
	In-band blocking\
REFSENS + 9 dB + 10log10(BWChannel /20) dB
Out-of-band blocking
REFSENS + 9 dB
	Different measurement channel apply. For out-of-band blocking, different interference level to sidelink.

	Spurious response
	PREFSENS_V2X + channel bandwidth specific value below (9 for 20MHz and 12 for 40MHz)
	REFSENS + 9 dB
	Different measurement channel apply. Different interference level of NR-U to sidelink.

	Intermodulation
	PREFSENS_V2X + channel bandwidth specific value below (9 for 20MHz and 12 for 40MHz)
	REFSENS + 9 dB + 10log10(BWChannel /20) dB
	



