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1 Introduction
RAN4 will start the work on Rel-18 NR SL evolution WI in RAN4#106, and the latest WID is [1]. In this paper we discuss and propose a way forward on the item 5. of the WI.
5. UE Tx and Rx RF requirement for supporting new features introduced in this WI, sidelink frequency bands for single-carrier operation and frequency band combinations for carrier aggregation operation [RAN4]

- The exact frequency bands for both licensed and ITS-dedicated spectrum in FR1 and FR2 are to be determined based on company input during the WI.

- The exact frequency band combinations for both FR1 licensed and ITS-dedicated spectrum are to be determined based on company input during the WI.

- Frequency bands for the unlicensed spectrum in FR1 are [n46 and n96/n102] (i.e., 5GHz and 6GHz) in accordance with corresponding national regulatory requirements.

- Support of new sidelink frequency bands and band combinations should ensure coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum.
2 Discussion on priorities for Rel-18 NR SideLink evolution WI
The SideLink operation modes, which are currently supported in Rel-17 specifications are shown in Figure 1. These can be divided into two different operation types where first one is the SideLink only and the other one is Con-current operation either in inter- or intra-band configuration, as described in 38.101 5.2E.1 V2X operating bands and 5.2E.2 V2X operating bands for con-current operation [2].
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Figure 1. Operation types for Rel-17 SideLink

The objective for the ongoing Rel-18 NR SL evolution WI is to specify the UE RX and TX RF requirements for operating the SideLink in the FR1 unlicensed spectrum in 5GHz and 6GHz frequency range (bands n46 and n96/n102), in accordance with corresponding national regulatory requirements.
In order to do this in efficient manner, it is proposed that the work is carried out by maximizing the reuse of already specified NRU requirements for SideLink operation when SideLink is operated in un-licensed band. Based on the review and comparison of the NR-U and V2X/SideLink RF requirements (see section 3) we think that there is high level compatibility between them, especially for single carrier SideLink operation.
Proposal 1: For single carrier SideLink operating in un-licensed band it is proposed that the work is carried out by maximizing the reuse of already specified NRU requirements.
When it comes to SideLink con-current operation following findings linked with NR-U TX CA and NR-U DC support should be taken into account.
Table 1 shows the bands where intra-band contiguous and non-contiguous TX CA is currently supported. An observation that can be made is that intra-band contiguous and non-contiguous TX CA functionalities are not currently supported on un-licensed bands.

Observation 1: intra-band contiguous and non-contiguous TX CA is not currently supported on un-licensed bands.

Table 1. Intra-band contiguous and non-contiguous

	Intra-band contiguous
	Intra-band non-contiguous
	Range (MHz)

	n7
	
	UL: 2500-2570 / DL: 2620-2690

	n40
	
	2300-2400

	n41
	n41
	2496-2690

	n48
	
	3550-3700

	n77
	n77
	3300-4200

	n78
	n78
	3300-3800

	n79
	
	4400-5000


Table 2 and Table 3 show the currently specified inter-band TX CA and NR DC combinations that include one of the un-licensed bands (n46, n96, n102). An observation that can be made is that band combinations where both carriers operate on un-licensed bands are not currently supported.

Observation 2: inter-band TX CA and NR DC combinations where both carriers operate in un-licensed band are not currently supported.

Table 2. NR TX CA combinations in Rel-17 supporting un-licensed band n46, n96 or n102

	CA_n7-n46
	UL: 2500-2570 / DL: 2620-2690 and 5150-5925 (Unlic 5G)

	CA_n28-n46
	UL: 703-748 / DL: 758-803 and 5150-5925 (Unlic 5G)

	CA_n46-n48
	3550-3700 and 5150-5925 (Unlic 5G)

	CA_n46_n78
	3300-3800 and 5150-5925 (Unlic 5G)

	DC_n48-n96
	3550-3700 and 5925-7125 (Unlic 6G)


Table 3. NR DC combinations in Rel-17 supporting un-licensed band n46, n96 or n102

	DC_n7-n46
	UL: 2500-2570 / DL: 2620-2690 and 5150-5925 (Unlic 5G)

	DC_n28-n46
	UL: 703-748 / DL: 758-803 and 5150-5925 (Unlic 5G)

	DC_n46-n48
	3550-3700 and 5150-5925 (Unlic 5G)

	DC_n46_n78
	3300-3800 and 5150-5925 (Unlic 5G)

	DC_n48-n96
	3550-3700 and 5925-7125 (Unlic 6G)


Based on Observation 1 and Observation 2 following proposal is made:

Proposal 2: Inter-band combinations for concurrent operation for Uu Licensed and SL Un-licensed are to be studied based on company inputs. Inter- and intra-band combinations for Uu un-licensed and SL un-licensed (both carriers on un-licensed band) to be studied as 2nd priority only as these would require development of new TX CA or DC band-combinations.
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Figure 2. Priorities for concurrent operation.
3 Discussion on single carrier NR SL RF requirements
The sections 3.1, 3.2 and 3.3 discuss and compare the SideLink (Suffix E) and NR-U (Suffix F) RF requirements for Operating bands and channel arrangement, TX and RX requirements.

Proposal 3: Several proposal for way forward in defining the requirements for single carrier SideLink operation in un-licensed bands n46, n96 and n102 are made in the sections 3.1, 3.2 and 3.3.

3.1 Operating bands and channel arrangement for NR SL single carrier at un-licensed band
3.1.1 Operating bands
	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Operating bands are defined in Table 5.2E.1-1 V2X operating bands in FR1 of clause 5.2E.1 V2X operating bands.

· n14: 788 MHz - 798 MHz, HD

· n38: 2570 MHz - 2620 MHz, HD

· n47: 5855 MHz - 5925 MHz, HD

· n79: 4400 MHz - 5000 MHz, HD
	Bands n46, n96 and n102 are defined in Table 5.2-1: NR operating bands in FR1 of clause 5.2 Operating bands.

· n46: 5150 MHz – 5925 MHz, TDD

· n96: 5925 MHz – 7125 MHz, TDD

· n102: 5925 MHz – 6425 MHz, TDD

	Discussion and Proposal:

It is proposed to add bands n46, n96 and n102 to Table 5.2E.1-1 V2X and align the duplex definition with HD notation that is used in Suffix E.


3.1.2 Channel bandwidth
	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Supported channel bandwidths are defined in Table 5.3E.1-1 NR V2X operation channel bandwidths for each operating band of clause 5.3E.1 Channel bandwidth for V2X.

· Supported channel bandwidths are 5, 10, 20, 30 and 40MHz. All bandwidth options are not supported on all bands and SCS.
	Bands n46, n96 and n102 defined in Table 5.3.5-1 Channel bandwidths for each NR band of clause 5.3.5 UE channel bandwidth per operating band
· Supported channel bandwidths are

· n46: 10, 20, 40, 60, 80 and 100MHz

· n96: 20, 40, 60, 80 and 100MHz

· n102: 20, 40, 60, 80 and 100MHz

	Discussion and Proposal:

It is proposed to add bands n46, n96 and n102 to Table 5.3E.1-1 and reuse the supported CBW and SCS definitions from Table 5.3.5-1 for 20 and 40MHz channel bandwidth. The support for 60, 80 and 100MHz channel BW for SideLink when operated in un-licensed band is FFS.


3.1.3 Channel arrangement

3.1.3.1 Channel spacing
	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 5.4E.1 Channel spacing

· For NR V2X, the channel spacing requirements in clause 5.4.1 apply for each operating band.
	Defined in clause 5.4.1 Channel spacing

	Discussion and Proposal:

Requirements are aligned. Existing Suffix E definition is valid when SideLink is operated in un-licensed bands.


3.1.3.2 Channel raster

3.1.3.2.1 NR-ARFCN and channel raster

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 5.4E.2.1 NR-ARFCN and channel raster
· For NR V2X, the NR-ARFCN and channel raster requirements in clause 5.4.2.1 apply for each operating band.
· For NR V2X UE, the reference frequency can be shifted by configuration.

· FREF_V2X = FREF + Δshift + N * 5 kHz

· where

· Δshift = 0 kHz or 7.5 kHz indicated in IE (frequencyShift7p5khz), and

· N can be set as one of following values {-1, 0, 1}, which are signalled by the network in higher layer parameters or configured by pre-configuration parameters.
	Defined in clause 5.4.2.1 NR-ARFCN and channel raster.
Allowed NREF for bands n46, n96 and n102 defined in following tables.

Table 5.4.2.3-2: Allowed NREF (NR-ARFCN) for operation in Band n46
Table 5.4.2.3-3: Allowed NREF (NR-ARFCN) for operation in Band n96
Table 5.4.2.3-4: Allowed NREF (NR-ARFCN) for operation in Band n102

	Discussion and Proposal:

It’s proposed that for SideLink operation in un-licenced bands the NR-ARFCN and channel raster definition is aligned with current definitions for bands n46, n96 and n102 as specified in clause 5.4.2.1 NR-ARFCN and channel raster.


3.1.3.2.2 Channel raster to resource element mapping
	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 5.4E.2.2 Channel raster to resource element mapping

For NR V2X, the channel raster to resource element mapping requirements in clause 5.4.2.2 apply for each operating band.
	Defined in clause 5.4.2.2 Channel raster to resource element mapping

	Discussion and Proposal:

Requirements are aligned. Existing Suffix E definition is valid when SideLink is operated in un-licensed bands.


3.1.3.3 Channel raster entries for each operating band
	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 5.4E.2.3 Channel raster entries for each operating band

· For NR V2X, the channel raster entries, the channel raster entries requirements in clause 5.4.2.3 apply for each operating band. 

· The RF channel positions on the channel raster in each NR V2X operating band are given through the applicable NR-ARFCN in Table 5.4.2.3-1, using the channel raster to resource element mapping in clause 5.4E.2.2.
	Defined in clause 5.4.2.3 Channel raster entries for each operating band

	Discussion and Proposal:

Requirements are aligned. Existing Suffix E definition is valid when SideLink is operated in un-licensed bands.


3.1.3.4 Synchronization raster

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 5.4E.3 Synchronization raster for V2X
There is no synchronization raster definition for NR V2X for both licensed bands and unlicensed bands.
	Defined in clause 5.4.3 Synchronization raster

	Discussion and Proposal:

No synchronization raster defined for SideLink operation. Existing suffix E definition already covers both licensed and un-licensed bands.


3.2 Tx requirements for NR SL single carrier at unlicensed band

3.2.1 Maximum output power for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in Table 6.2E.1.1-0: NR V2X UE Power Class of clause 6.2E.1 UE maximum output power for V2X.

· n14: Class1 31dBm, Class3 23dBm

· n38: Class3 23dBm

· n47: Class2 26dBm, Class3 23dBm

· n79: Class3 23dBm
MIMO/Tx diversity

For NR V2X UE supporting SL MIMO or Tx diversity the Power Class is defined in Table 6.2E.1.1-1: NR V2X UE Power Class for SL-MIMO
· n38: Class3 23dBm

· n47: Class2 26dBm, Class3 23dBm

· n79: Class3 23dBm

	Defined in Table 6.2F.1-1: UE Power Class of clause 6.2F.1 UE maximum output power.
· n46:Class5 20dBm

· n96: Class5 20dBm

· n102: Class5 20dBm

The UE operating shall meet the following additional requirements for maximum mean transmission power density specified in Table 6.2F.1-2 when NS is signaled and when transmission overlaps with any portion of the specified frequency range. In case transmission overlaps multiple frequency ranges, the lowest power density requirement applies.

MIMO/Tx diversity

For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the maximum output power for any transmission bandwidth within the channel bandwidth is specified in Table 6.2F.1D-1.

· n46:Class5 20dBm

· n96: Class5 20dBm

· n102: Class5 20dBm

	Discussion and Proposal:

It is proposed to reuse the PC5 UE maximum output power requirements in Table 6.2F.1-1: UE Power Class for SideLink when operated in un-licensed bands and Table 6.2F.1-2: Additional requirements for transmit power density.
If new power classes for NR-U are added into Rel-17/Rel-18 then consider introduction of those also for SideLink operation.
Requirements for MIMO and Tx diversity operation in un-licensed bands need to be further analyzed based on agreements made for single carrier operation.


3.2.2 UE maximum output power reduction for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 6.2E.2 UE maximum output power reduction for V2X.
· Sub-clause 6.2E.2.2 MPR for Power class 2 and Power class 3 V2X UE contains MPR for PC2 and PC3
· Defined for PC2 and PC3 CP-ODFM modulation and for PSFCH and S-SSB transmissions.

	Defined in Table 6.2F.2-1 Maximum power reduction (MPR) for shared spectrum access UE power class 5 of clause 6.2F.2 UE maximum output power reduction
· Defined for PC5 separately for DFT-s-OFDMA and CP-OFDM modulations. 

	Discussion and Proposal:

It is proposed to use the NR-U PC5 CP-OFDM MPR requirements in 6.2F.2-1 Maximum power reduction (MPR) for shared spectrum access UE power class 5 as starting point for defining the requirements for SideLink PSSCH/PSCCH transmission when operated in un-licensed bands. Further study is needed to define the MPR requirements SideLink PSFCH and S-SSB transmissions in un-licensed bands.
If new power classes for NR-U are added into Rel-17/Rel-18 then consider introduction of relevant MPR requirements also for SideLink operation.


3.2.3 UE additional maximum output power reduction for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 6.2E.3 UE additional maximum output power reduction for V2X
· Defined for PC2 and PC3 with different NS_xx values.
	Defined in clause 6.2F.3 UE additional maximum output power reduction
· Defined for PC5 with different NS_xx values.

	Discussion and Proposal:

It is proposed to use the A-MPR requirements in clause 6.2F.3 UE additional maximum output power reduction as starting point for defining the requirements for SideLink PSSCH/PSCCH transmission when operated in un-licensed bands. Further study is needed to define the A-MPR requirements SideLink PSFCH and S-SSB transmissions in un-licensed bands.
If new power classes for NR-U are added into Rel-17/Rel-18 then consider introduction of relevant A-MPR requirements also for SideLink operation.


3.2.4 Configured transmitted power for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 6.2E.4 Configured transmitted power for V2X
· PCMAX is defined for PSSCH\PSCCH, S-SSB and PSFCH
	Defined in clause 6.2F.4 Configured transmitted power

· The requirements for configured maximum output power in clause 6.2.4 apply.

	Discussion and Proposal:

The configured transmit power requirements need to follow the operation mode.

Therefore, it is proposed to reuse clause 6.2E.4 Configured transmitted power for V2X when SideLink is operated in un-licensed bands. 


3.2.5 Minimum output power for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in Table 6.3E.1.1-1: Minimum output power od clause 6.3E.1 Minimum output power for V2X
· The minimum requirement for

· 20MHz channel BW is -30dBm

· 40MHz channel BW is -27dBm

· The formula define the requirement for different channel BW is -30+10*log10(BW/20)
	Defined in clause 6.3.1 Minimum output power

· The minimum requirement for

· 20MHz channel BW is -40dBm

· 40MHz channel BW is -37dBm

· The formula define the requirement for different channel BW is -40+10*log10(BW/20)

	Discussion and Proposal:

It is proposed to study the Minimum output power requirements for SideLink when operating in un-licensed bands.


3.2.6 Transmit OFF power for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in Table 6.3E.2.1-1: Transmit OFF power of clause 6.3E.2 Transmit OFF power for V2X
Transmit OFF power of -50dBm is defined to channel BWs up to 40MHz.
	Defined in clause 6.3.2 Transmit OFF power
Transmit OFF power of -50dBm is defined to channel BWs up to 100MHz.

	Discussion and Proposal:

It is proposed to reuse the Transmit OFF power requirements in clause 6.3E.2 Transmit OFF power for V2X when SideLink is operated in un-licensed bands.


3.2.7 ON/OFF time mask for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 6.3E.3 Transmit ON/OFF time mask for V2X
· Time mask is defined separately for PSCCH/PSSCH and S-SSB in Figure 6.3E.3.2-1: General PSCCH/PSSCH time mask for NR V2X UE and Figure 6.3E.3.3-1: S-SSB time mask for NR V2X UE
	Defined in Figure 6.3F.3.2-1: General ON/OFF time mask for shared spectrum channel access of clause 6.3F.3 Transmit ON/OFF time mask


	Discussion and Proposal:

The transmit ON/OFF time mask requirements need to follow the operation mode.

Therefore, it is proposed to use the V2X/SideLink transmit ON/OFF time mask requirements as starting point when SideLink is operated in un-licensed bands but applicability for operation in unlicensed band need to be studied.


3.2.8 Power control for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 6.3E.4 Power control for V2X
Sub-clause 6.3E.4.2 Absolute power tolerance

· The requirements in clause 6.3.4.2 shall apply for NR V2X transmission.
	Defined in clause 6.3F.4 Power control
6.3F.4.2 Absolute power tolerance

· The absolute power tolerance requirements of clause 6.3.4.2 apply at the start of a contiguous transmission or non-contiguous transmission with a transmission gap larger than 40 ms.

6.3F.4.3 Relative power tolerance

· The relative power tolerance requirements of clause 6.3.4.3 apply if the transmission gap between the target sub-frame and the reference sub-frame is less than or equal to 40 ms.

6.3F.4.4 Aggregate power tolerance

· The aggregate power tolerance requirements of clause 6.3.4.4 apply during non-contiguous transmissions within 41ms with respect to the first UE transmission.

	Discussion and Proposal:

The transmit power control requirements need to follow the operation mode.

Therefore, it is proposed to reuse the V2X/SideLink transmit power control requirements as starting point when SideLink is operated in un-licensed bands.


3.2.9 Transmit signal quality for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 6.4E
Transmit signal quality for V2X
6.4E.1 Frequency error for V2X

· Minimum requirement for Frequency error is ±0.1 PPM observed over a period of 1 ms against GNSS.
6.4E.2
Transmit modulation quality for V2X

EVM: Table 6.4.2.1-1 in general part (except Pi/2-BPSK)
Carrier leakage: clause 6.4.2.2
In-band emissions: clause 6.4.2.3

Equalizer spectrum flatness: clause 6.4.2.4
	Defined in clause 6.4F
Transmit signal quality for shared spectrum channel access

6.4F.1
Frequency error

· The requirements for Frequency error in clause 6.4.1 apply (general requirements).
6.4F.2
Transmit modulation quality

EVM: The requirements for Error Vector Magnitude in clause 6.4.2.1 apply.
Carrier leakage: clause 6.4.2.2

In-band emissions: Table 6.4F.2.3-1: Minimum requirements for in-band emissions.

Equalizer spectrum flatness: clause 6.4.2.4

	Discussion and Proposal:

The frequency error and EVM requirements need to follow the operation mode, but in-band-emissions that have been defined for operation in un-licensed spectrum should be reused.
Therefore, it is proposed to reuse the SideLink Frequency error, EVM, Carrier leakage and Equalizer spectrum flatness requirements and adopt the NR-U In-band-emission requirements when SideLink is operated in un-licensed bands.


3.2.10 Spectrum emission mask for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 6.5E Output RF spectrum emissions for V2X

Occupied bandwidth: Clause 6.5.1

SEM: Sub clause 6.5.2.2

Additional SEM: Specified for different NS_xx values
	Defined in clause 6.5F Output RF spectrum emissions for shared spectrum channel access
Occupied bandwidth: Clause 6.5.1

SEM: Table 6.5F.2.2.0-1: Spectrum emission mask for operation with shared spectrum channel access.

Additional SEM: There are no additional spectrum emission mask requirements in this version of the specification.

	Discussion and Proposal:

Requirement for Occupied bandwidth are already similar.

Spectrum emission mask was optimized for operation in un-licensed band during the development of the NR-U.
Therefore, it is proposed to reuse the Output RF spectrum emission requirements (SEM) in clause 6.5F Output RF spectrum emissions for shared spectrum channel access for SideLink when operated in un-licensed bands.
Need for Additional spectrum emission mask (SEM) requirements for SideLink when operated in un-licensed bands should be studied.


3.2.11 ACLR requirements for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 6.5E.2.4 Adjacent channel leakage ratio
· ACLR requirement for NR uplink transmission in clause 6.5.2.4 are applied for NR V2X.
· PC1 ACLR requirement is 37dB
· PC1.5 ACLR requirement is 31dB

· PC2 ACLR requirement is 31dB

· PC3 ACLR requirement is 30dB
	Defined in clause 6.5F.2.4 Adjacent channel leakage ratio
· PC5 ACLR requirement is 27 dB
· Additional ACLR requirement are defined in
· 6.5F.2.4.2 Additional requirement for network signalled value "NS_29"



	Discussion and Proposal:

ACLR requirement was optimized for operation in un-licensed band during the development of the NR-U requirements.

Therefore, it is proposed to reuse the ACLR requirements in clause 6.5F.2.4 Adjacent channel leakage ratio for SideLink when operated in un-licensed bands.

If new power classes for NR-U are added into Rel-17/Rel-18 then consider introduction of relevant ACLR requirements also for SideLink operation.


3.2.12 Spurious emissions for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 6.5E.3 Spurious emissions for V2X
· General spurious emission requirements in clause 6.5.3.1 shall apply for NR V2X sidelink transmission
	Defined in clause 6.5F.3 Spurious emissions
· The requirements for general spurious emission requirements in clause 6.5.3.1 apply.

	Discussion and Proposal:
It is proposed to reuse the Spurious emission requirements in clause 6.5F.3 Spurious emissions for SideLink when operated in un-licensed bands.

For operation in un-licensed band the spurious emission limits are specified in terms of general requirements in line with SM.329 [9] and NR operating band requirement to address UE co-existence.


3.2.13 Spurious emission band UE co-existence for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 6.5E.3.2 Spurious emissions for UE co-existence
6.5E.3.2 Spurious emissions for UE co-existence
· The requirements in clause 6.5.3.2 shall apply for NR V2X sidelink transmission.
	Defined in clause 6.5F.3.2 Spurious emissions for UE co-existence
· Spurious emissions requirements for UE coexistence are not applicable to bands restricted to stand-alone operation with shared spectrum channel access.

Additional Spurious emission requirements are defined in 6.5F.3.3 Additional spurious emissions as follows.

· 6.5F.3.3.1 for network signalling value "NS_28"
· 6.5F.3.3.2 for network signalling value "NS_29"

· 6.5F.3.3.3 for network signalling value "NS_30"

· 6.5F.3.3.4 for network signalling value "NS_31"

· 6.5F.3.3.5 for network signalling value "NS_53" or "NS_54" or "NS_60"

· 6.5F.3.3.6 for network signalling value "NS_58"

· 6.5F.3.3.7 for network signalling value "NS_61"

	Discussion and Proposal:

Spurious emissions for UE co-existence requirement was optimized for operation in un-licensed band during the development of the NR-U.

Therefore, it is proposed use the NR-U requirements in 6.5F.3.2 Spurious emissions for UE co-existence as starting point and further study this requirement for SideLink when operated in un-licensed bands.


3.2.14 Transmit intermodulation for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 6.5E.4 Transmit intermodulation

· The requirements in clause 6.5.4 apply
	6.5F.4 Transmit intermodulation

· The requirements for transmit intermodulation in clause 6.5F.4 apply.

	Discussion and Proposal:

It is proposed to reuse the Transmit intermodulation requirements in clause 6.5F.4 Transmit intermodulation for SideLink when operated in un-licensed bands.


3.3 Rx requirements for NR SL single carrier at unlicensed band

3.3.1 Reference sensitivity power level for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in Table 7.3E.2-1: Reference sensitivity of NR V2X Bands (PC5) of clause 7.3E Reference sensitivity for V2X

· Reference measurement channels as specified in Annexes A.7.2
	Defined in Table 7.3F.2-1: Two antenna port reference sensitivity QPSK PREFSENS of clause 7.3F Reference sensitivity for shared spectrum channel access

· Reference measurement channels as specified in Annexes A.2.2.2, A3.2 and A.3.

	Discussion and Proposal:

The reference measurement channel and configuration for SideLink reception is different from the NR-U and therefore the Reference sensitivity requirement for SideLink operation in un-licensed band need to be further studied.


3.3.2 Maximum input level for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in Table 7.4E.1-1: Maximum input level of NR V2X of clause 7.4E Maximum input level for V2X
· Reference measurement channels as specified in Annexes A.7.3 (64QAM) and A.7.4 (256QAM)
· Minimum requirement for 256QAM
· 20MHz channel BW is -27dBm.

· 40MHz channel BW is -24dBm.
	Defined in Table 7.4-1: Maximum input level of clause 7.4 Maximum input level
· Reference measurement channels as specified in Annexes A.3.2.3 or A.3.3.3 (64QAM) and A.3.2.4 or A.3.3.4 (256QAM).
· Minimum requirement for 256QAM

· 20MHz channel BW is -27dBm.

· 40MHz channel BW is -24dBm.

	Discussion and Proposal:

The reference measurement channel and configuration for SideLink reception is different from the NR-U and therefore the Maximum input level requirement for SideLink operation in un-licensed band need to be further studied, while target should be to reuse the existing SideLink requirements.


3.3.3 Adjacent Channel Selectivity for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in Table 7.5E.1-1: Adjacent channel selectivity for NR V2X of clause 7.5E Adjacent channel selectivity for V2X

· Reference measurement channels as specified in Annexes A.7.2.

· Minimum requirement for

· 20MHz channel BW is 27dB

· 40MHz channel BW is 24dB
	Defined in Table 7.5F.1-1: ACS for shared spectrum channel access bands of clause 7.5F Adjacent channel selectivity for shared spectrum channel access

· Reference measurement channels as specified in Annexes A.2.2, A.3.2, and A.3.3

· Minimum requirement for

· 20MHz channel BW is 24dB

· 40MHz channel BW is 21dB

	Discussion and Proposal:

The reference measurement channel and configuration for SideLink reception is different from the NR-U and therefore the ACS requirement for SideLink operation in un-licensed band need to be further studied.
However, it is proposed to use the existing NR-U ACS levels as a starting point, as they were defined and deemed appropriate for operating in un-licensed bands based on extensive analysis carried out during the NR-U study and work items.


3.3.4 Blocking characteristics for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 7.6E Blocking characteristics for V2X

7.6E.2 In-band blocking

· Reference measurement channels as specified in Annex A.7.2
· Own signal power for 20MHz channel BW is PREFSENS_V2X+9

· Own signal power for 40MHz channel BW is PREFSENS_V2X +12

· Case 1 and 2 (Interferer power and offsets) defined separately for SideLink bands
7.6E.3 Out-of-band blocking

· Reference measurement channels as specified in Annex A.7.2
· Own signal power for 20MHz channel BW is PREFSENS_V2X+9

· Own signal power for 40MHz channel BW is PREFSENS_V2X +12

· Frequency ranges 1, 2 and 3 (Interferer power and offsets) defined separately for SideLink bands
	Defined in clause 7.6F
Blocking characteristics for shared spectrum channel access

7.6F.2
In-band blocking

· Reference measurement channels as specified in Annexes A.2.2, A.3.2, and A.3.3

· Own signal power for 20MHz channel BW is REFSENS+9

· Own signal power for 40MHz channel BW is REFSENS+12

· Case 1 and 2 (Interferer power and offsets) defined separately for un-licensed bands
7.6F.3 Out-of-band blocking

· Reference measurement channels as specified in Annexes A.2.2, A.3.2, and A.3.3

· Own signal power for 20MHz and 40MHz channel BW is REFSENS+9

· Frequency ranges 1, 2 and 3 (Interferer power and offsets)defined separately for un-licensed bands

	Discussion and Proposal:

The reference measurement channel and configuration for SideLink reception is different from the NR-U and therefore the In-band and Out-of-band blocking requirement for SideLink operation in un-licensed band need to be further studied.

However, it is proposed to use the existing NR-U own and interfering signal levels and offsets as a starting point, as they were defined and deemed appropriate for operating in un-licensed bands based on extensive analysis carried out during the NR-U study and work items.


3.3.5 Spurious response for NR SL-U

	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 7.7E
Spurious response for V2X

· Reference measurement channels as specified in Annex A.7.2
· Own signal power for 20MHz channel BW is PREFSENS_V2X+9
· Own signal power for 40MHz channel BW is PREFSENS_V2X +12

· PInterferer (CW) is -44dBm
	Defined in clause 7.7F Spurious response for shared spectrum channel access
· Reference measurement channels as specified in Annexes A.2.2, A.3.2, and A.3.3

· Own signal power for 20MHz and 40MHz channel BW is REFSENS+9

· PInterferer (CW) is -44dBm

	Discussion and Proposal:

The reference measurement channel and configuration for SideLink reception is different from the NR-U and therefore the In-band and Out-of-band blocking requirement for SideLink operation in un-licensed band need to be further studied.

However, it is proposed to use the existing NR-U own and interfering signal levels and offsets as a starting point, as they were defined and deemed appropriate for operating in un-licensed bands based on extensive analysis carried out during the NR-U study and work items.


3.3.6 Intermodulation characteristics for NR SL-U
	SideLink (Suffix E)
	NR-U (General / Suffix F)

	Defined in clause 7.8E
Intermodulation characteristics for V2X

· Reference measurement channels as specified in Annex A.7.2
· Own signal power for 20MHz channel BW is PREFSENS_V2X+9

· Own signal power for 40MHz channel BW is PREFSENS_V2X +12

· PInterferer 1 (CW) and PInterferer 2 (Modulated) is --46dBm

· Interferer frequency offsets defined for needed for SideLink bands as a function of channel BW 
	Defined in clause 7.8F
Intermodulation characteristics for shared spectrum channel access
· Reference measurement channels as specified in Annexes A.2.2, A.3.2, and A.3.3

· Own signal power for 20MHz channel BW is REFSENS+9

· Own signal power for 40MHz channel BW is REFSENS+12

· PInterferer 1 (CW) and PInterferer 2 (Modulated) is --46dBm

· Interferer frequency offsets defined for un-licensed bands as function of channel BW

	Discussion and Proposal:

The reference measurement channel and configuration for SideLink reception is different from the NR-U and therefore the Wide band intermodulation requirement for SideLink operation in un-licensed band need to be further studied.

However, it is proposed to use the existing NR-U own and interfering signal levels and offsets as a starting point, as they were defined and deemed appropriate for operating in un-licensed bands based on extensive analysis carried out during the NR-U study and work items.


4 Summary
Proposal 1: For single carrier SideLink operating in un-licensed band it is proposed that the work is carried out by maximizing the reuse of already specified NRU requirements.

Observation 1: intra-band contiguous and non-contiguous TX CA is not currently supported on un-licensed bands.

Observation 2: inter-band TX CA and NR DC combinations where both carriers operate on un-licensed band are not currently supported.

Proposal 2: Inter-band combinations for concurrent operation for Uu Licensed and SL Un-licensed are to be studied based on company inputs. Inter- and intra-band combinations for Uu un-licensed and SL un-licensed (both carriers on un-licensed band) to be studied as 2nd priority only as these would require development of new TX CA or DC band-combinations.
The sections 3.1, 3.2 and 3.3 discuss and compare the SideLink (Suffix E) and NR-U (Suffix F) RF requirements for Operating bands and channel arrangement, TX and RX requirements.

Proposal 3: Several proposal for way forward in defining the requirements for single carrier SideLink operation in un-licensed bands n46, n96 and n102 are made in the sections 3.1, 3.2 and 3.3 (see details from these sections).
Draft proposal on how to capture part of these proposals into TR can be found from Appendix A of this document.
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6 APPENDIX A:
---------- < Start of changes > ----------

7 Operating bands and channel arrangement for SL evolution
7.1 Operating bands
7.1.1 Operating bands for single carrier operation in unlicensed band

Bands n46, n96 and n102 need to be added to Table 5.2E.1-1 V2X. The Duplex Mode and Interface definitions needs to be aligned notations that are used for TDD type SideLink operation in in Suffix E.
NR V2X is designed to operate in the operating bands in FR1 defined in Table 5.2E.1-1.

Table 5.2E.1-1 V2X operating bands in FR1

	V2X Operating Band
	Sidelink (SL) Transmission operating band
	Sidelink (SL)  Reception operating band
	Duplex Mode
	Interface

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	
	

	n142
	788 MHz
	-
	798 MHz
	788 MHz
	-
	798 MHz
	HD
	PC5

	n381
	2570 MHz
	-
	2620 MHz
	2570 MHz
	-
	2620 MHz
	HD
	PC5

	n47
	5855 MHz
	-
	5925 MHz
	5855 MHz
	-
	5925 MHz
	HD
	PC5

	n79
	4400 MHz
	-
	5000 MHz
	4400 MHz
	-
	5000 MHz
	HD
	PC5

	n46
	5150 MHz
	-
	5925 MHz
	5150 MHz
	-
	5925 MHz
	HD
	PC5

	n96
	5925 MHz
	-
	7125 MHz
	5925 MHz
	-
	7125 MHz
	HD
	PC5

	n102
	5925 MHz
	
	6425 MHz
	5925 MHz
	
	6425 MHz
	HD
	PC5

	Note 1: When this band is used for V2X SL service, the band is exclusively used for NR V2X in particular regions.
Note 2: When this band is used for public safety service, the NR band is operated with both in-coverage scenarios and out-of-coverage scenarios.


7.1.2 Operating band combinations for inter-band con-current operation
7.2 Channel bandwidth

7.2.1 Channel bandwidth for single carrier operation in unlicensed band

Bands n46, n96 and n102 need to be added Table 5.3E.1-1 and reuse the supported CBW and SCS definitions from Table 5.3.5-1 for 20 and 40MHz channel bandwidth. The support for 60, 80 and 100MHz channel BW for SideLink when operated in un-licensed band is FFS.
Table 5.3E.1-1 NR V2X operation channel bandwidths for each operating band

	NR band / SCS / UE Channel bandwidth

	NR Band
	SCS

kHz
	5 MHz
	10 MHz
	20 MHz
	30 MHz
	40 MHz

	n14
	15
	Yes
	Yes
	
	
	

	
	30
	
	Yes
	
	
	

	
	60
	
	
	
	
	

	n38
	15
	
	Yes
	Yes
	Yes
	Yes

	
	30
	
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	Yes

	n47
	15
	
	Yes
	Yes
	Yes
	Yes

	
	30
	
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	Yes

	n79
	15
	
	Yes
	Yes
	Yes
	Yes

	
	30
	
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	Yes

	n46
	15
	
	
	Yes
	
	Yes

	
	30
	
	
	Yes
	
	Yes

	
	60
	
	
	Yes
	
	Yes

	n96
	15
	
	
	Yes
	
	Yes

	
	30
	
	
	Yes
	
	Yes

	
	60
	
	
	Yes
	
	Yes

	n102
	15
	
	
	Yes
	
	Yes

	
	30
	
	
	Yes
	
	Yes

	
	60
	
	
	Yes
	
	Yes


7.2.2 Channel bandwidth for inter-band con-current operation
7.3 Channel arrangement
7.3.1 Channel raster
Channel spacing

Channel spacing for SideLink operation is defined in Clause 5.4E.1 Channel spacing. The requirements in this clause are aligned with general requirements that are also valid for operation in unlicensed bands.
Existing Suffix E definition is valid when SideLink is operated in un-licensed bands.
Channel raster
Channel raster for SideLink operation is defined in clause 5.4E.2.1 NR-ARFCN and channel raster.
Channel raster entries for each operating band is defined in clause 5.4E.2.3 Channel raster entries for each operating band

For SideLink operation in un-licenced bands the NR-ARFCN and channel raster definition needs to be aligned with current definitions for bands n46, n96 and n102 as specified in clause 5.4.2.1 NR-ARFCN and channel raster and clause 5.4.2.3 Channel raster entries for each operating band taking into account the Allowed NREF as defined in 
Table 5.4.2.3-2: Allowed NREF (NR-ARFCN) for operation in Band n46

Table 5.4.2.3-3: Allowed NREF (NR-ARFCN) for operation in Band n96

Table 5.4.2.3-4: Allowed NREF (NR-ARFCN) for operation in Band n102
Channel raster to resource element mapping
Channel raster to resource element mapping is in clause 5.4E.2.2 Channel raster to resource element mapping.
Existing Suffix E definition is valid when SideLink is operated in un-licensed bands.

7.3.2 Synchronization raster
No synchronization raster defined for SideLink operation. Existing suffix E definition is valid when SideLink is operated in un-licensed bands.
8 Transmitter characteristics for NR SL evolution
8.1 Tx requirements for NR SL single carrier operation in unlicensed band
8.1.1 Maximum output power for NR SL-U

PC5 UE maximum output power requirements in Table 6.2F.1-1: UE Power Class can be reused for SideLink when operated in un-licensed bands.

If new power classes for NR-U are added into Rel-17/Rel-18 then consider introduction of those also for SideLink operation.
Table 6.2E.1.1-0: NR V2X UE Power Class
	NR band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 5 (dBm)
	Tolerance (dB)

	n14
	31
	+2/-3
	
	
	23
	±2
	
	

	n38
	
	
	
	
	23
	±2
	
	

	n47
	
	
	26
	+2/-3
	23
	±2
	
	

	n79
	
	
	
	
	23
	+2/-3
	
	

	n46
	
	
	
	
	FFS
	FFS
	20
	+2/-3

	n96
	
	
	
	
	FFS
	FFS
	20
	+2/-3

	n102
	
	
	
	
	FFS
	FFS
	20
	+2/-3

	NOTE 1:
PPowerClass is the maximum UE power specified without taking into account the tolerance

NOTE 2:
Power class 5 is default power class unless otherwise stated.


The UE operating in bands n46, n96 and n102 shall meet the following additional requirements for maximum mean transmission power density specified in Table 6.2E.1.1-2 when NS is signaled and when transmission overlaps with any portion of the specified frequency range. In case transmission overlaps multiple frequency ranges, the lowest power density requirement applies.
Table 6.2E.1.1-2: Additional requirements for transmit power density

	NR Band
	NS value
	Channel bandwidth (MHz)
	Frequency range (MHz)
	Maximum mean power density (dBm/MHz)

	n46
	NS_28
	20, 40
	5150 – 5350
	10

	
	
	
	5470 – 5725
	

	
	NS_29
	20
	5170 – 5330
	10

	
	
	
	5490 – 5730
	

	
	
	40
	5170 – 5330
	7

	
	
	
	5490 – 5730
	

	
	NS_30
	20, 40
	5150 – 5350
	11

	
	
	
	5470 – 5725
	

	
	NS_31
	20
	5150 - 5230
	10

	
	
	
	5250 – 5350
	

	
	
	
	5470 – 5725
	

	
	
	
	5725 - 5850
	

	
	
	
	5230 – 5250
	4

	
	
	40
	5150 - 5230
	7

	
	
	
	5250 – 5350
	

	
	
	
	5470 – 5725
	

	
	
	
	5725 - 5850
	

	
	
	
	5230 – 5250
	4

	n96
	NS_53
	20, 40
	5925 – 7125
	-1

	
	NS_54
	20, 40
	5925 – 6425
	17

	
	
	
	6525 – 6875
	

	
	NS_59
	20, 40
	5925 – 7125
	5

	
	NS_60
	20, 40
	5925 – 7125
	2

	
	NS_61
	20, 40
	5925 - 6425
	1

	n102
	NS_58
	20, 40,
	5945 – 6425
	10


8.1.2 UE maximum output power reduction for NR SL-U

8.1.3 UE additional maximum output power reduction for NR SL-U

8.1.4 Configured transmitted power for NR SL-U

The configured transmit power requirements need to follow the operation mode and therefore V2X/SideLink Configured transmitted power requirements in clause 6.2E.4 Configured transmitted power for V2X need to be applied when SideLink is operated in un-licensed bands.
8.1.5 Minimum output power for NR SL-U

8.1.6 Transmit OFF power for NR SL-U

Existing requirement in clause 6.3E.2 Transmit OFF power for V2X is valid when SideLink is operated in un-licensed bands.

8.1.7 ON/OFF time mask for NR SL-U

8.1.8 Power control for NR SL-U

8.1.9 Transmit signal quality for NR SL-U

8.1.10 Spectrum emission mask for NR SL-U

8.1.11 ACLR requirements for NR SL-U

8.1.12 Spurious emissions for NR SL-U

8.1.13 Spurious emission band UE co-existence for NR SL-U

8.1.14 Transmit intermodulation for NR SL-U

---------- < End of changes > ----------

