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Introduction
WF on NR sidelink evolution [2] captured the agreements made in the RAN4#106 meeting and lists the open issues. This contribution addresses these single carrier related issues on Tx requirements and proposes a way forward.
Appendix A of this document includes related text proposals to TR38.786.

UE TX requirements for NR SL-U single carrier operation

Maximum output power and Default power class
In RAN4#106 meeting it was agreed that Power class 5 should be considered as the starting point for the sidelink operation in unlicensed spectrum. It was also agreed that power class 5 is the default power class for NR SL-U. RAN4 also agreed that Introduction of other power classes is FFS.

Transmit power density requirements
Transmit power density requirements have been defined for NRU when operating on the bands n46, n96 and n102 to comply with regional regulatory requirements. These requirements will be applicable also for NR SL-U in these bands and therefore similar power density requirements need to be introduced for NR SL-U.
Proposal #1:
Reuse the NRU Transmit power density requirements NR SL-U.

Requirements for MIMO and Tx diversity operation
Both NR V2X and NRU support MIMO operation and therefore requirements for transmission scheme with multiple transmit line-ups should be discussed and defined for NR SL-U. However, in order to focus first into single carrier requirements, it is proposed to return to these at later point in time.
Proposal #2:
Focus first on single carrier (1TX) requirements and return to this at later point in time. Existing NR V2X MIMO definitions can be uses as starting point.

Maximum output power reduction (MPR)
In RAN4#106 meeting it was agreed that Power class 5 should be considered as the starting point for the sidelink operation in unlicensed spectrum. Therefore RAN4 should also use the NRU Power class 5 CP-OFDM MPR requirements as starting point for defining the requirements for SideLink PSSCH/PSCCH. Further study is needed to define the MPR requirements for NR SL-U PSFCH and S-SSB transmissions as the waveform of these signals differ from the ones used in NRU. CP-OFDM MPR for Power class 5 NRU UE is shown as reference in table below.

	Pre-coding
	Modulation
	RB Allocation

	
	
	Full (dB)
	Partial (dB)
	Exception for 100MHz Full5 (dB)

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 3.5
	≤ 4.5

	
	16 QAM
	≤ 4.0
	≤ 4.0
	≤ 4.5

	
	64 QAM
	≤ 5.5
	≤ 5.5
	

	
	256 QAM
	≤ 7.0
	≤ 7.0
	


Table 1 CP-OFDM MPR for Power class 5 NRU UE
Proposal #3:
Use the NRU Power class 5 CP-OFDM MPR requirements as starting point for defining the requirements for SideLink PSSCH/PSCCH. Further study is needed to define the MPR requirements for NR SL-U PSFCH and S-SSB transmissions as the waveform of these signals differ from the ones used in NRU.

Additional maximum output power reduction (A-MPR)
Additional maximum output power reduction requirement are usually band and region specific. Therefore RAN4 should use NRU Power class 5 CP-OFDM A-MPR requirements for bands n46, n96 and n102 as starting point for defining the A-MPR requirements for SideLink PSSCH/PSCCH. Further study is needed to define the A-MPR requirements SideLink PSFCH and S-SSB transmissions.
The additional maximum power reduction cases and related NS are shown as reference in tables below.
	Network signalling label
	Requirements (clause)
	NR Band
	Channel bandwidth (MHz)
	Resources blocks (NRB)
	A-MPR (clause)

	NS_01
	
	n46, n96
	20, 40, 60, 80
	
	N/A

	NS_28
	
	n46
	20, 40, 60, 80
	
	6.2F.3.2

	NS_29
	
	n46
	20, 40, 60, 80
	
	6.2F.3.3

	NS_30
	
	n46
	20, 40, 60, 80
	
	6.2F.3.4

	NS_31
	
	n46
	20, 40, 60, 80
	
	6.2F.3.5

	NS_53
	
	n96
	20, 40, 60, 80
	
	6.2F.3.6

	NS_54
	
	n96
	20, 40, 60, 80
	
	6.2F.3.7

	NS_58
	
	n102
	20, 40, 60, 80
	
	6.2F.3.8

	NS_59
	
	n96
	20, 40, 60, 80
	
	6.2F.3.9

	NS_60
	
	n96
	20, 40, 60, 80
	
	6.2F.3.10

	NS_61
	
	n96
	20, 40, 60, 80
	
	6.2F.3.11

	NOTE 1:	The A-MPR shall apply to all active 20 MHz sub-bands contiguously allocated in the channel.


Table 2. List of additional maximum power reduction requirements for Power class 5 NRU UE

	NR band
	Value of additionalSpectrumEmission

	
	0
	1
	2
	3
	4
	5
	6
	7

	n46
	NS_01
	NS_28
	NS_29
	NS_30
	NS_31
	
	
	

	n96
	NS_01
	NS_53
	NS_54
	NS_59
	NS_60
	NS_61
	
	

	n102
	NS_01
	NS_58
	
	
	
	
	
	

	NOTE:	additionalSpectrumEmission corresponds to an information element of the same name defined in clause 6.3.2 of TS 38.331 [7].


Table 3. Mapping of network signalling label for Power class 5 NRU UE

Proposal #4:
Use the NRU Power class 5 CP-OFDM A-MPR requirements as starting point for defining the requirements for SideLink PSSCH/PSCCH. Further study is needed to define the A-MPR requirements for NR SL-U PSFCH and S-SSB transmissions as the waveform of these signals differ from the ones used in NRU.

Configured transmitted power for NR SL-U
Configured output power requirements are system specific and therefore NR V2X clause 6.2E.4 configured transmitted power requirements can be used as starting point for NR SL-U. This definition for NR V2X considers the aspects specific for sidelink operation and those aspects are also valid when operating in unlincensed spectrum and therefore it is proposed that NR-V2X Configured transmitted power requirements are reused for NR SL-U
Proposal #5:
Reuse the NR-V2X Configured transmitted power requirements in 38.101-1 clause 6.2E.4 for NR SL-U.

Minimum output power for NR SL-U
For NR V2X the minimum output power is defined as -30dBm for channel bandwidths up to 20MHz and -27dBm for 40MHz CBW. For NRU on the other hand the minimum output power level is -40dBm for 20MHz CBW and -40dBm +10*log10(BW/20) dBm for wider CBWs of 40, 60, 80 and 100MHz. Measurement bandwidths are defined in a different manner, but end up into same numbers with 15kHz SCS.
For both NR V2X and NRU the minimum output power is defined as the mean power in at least one sub-frame with duration of 1 ms.

	
	SCS (kHz)
	20
	40
	60
	80
	100
	

	NR V2X
	All
	-30,0
	-27,0
	 
	 
	 
	dBm

	NRU
	15/30
	-40,0
	-37,0
	-35,2
	-34,0
	-33,0
	dBm


Table 4. Comparison of NR V2X and NRU minimum output power requirements

	
	SCS
	20
	40
	60
	80
	100
	

	NR V2X
	All
	19,095
	38,895
	 
	 
	 
	MHz

	NRU
	15
	19,095
	38,895
	 
	 
	 
	MHz

	NRU
	30
	18,390
	38,190
	58,350
	78,150
	98,310
	MHz


Table 5. Comparison of NR V2X and NRU minimum output power measurement BW

Considering the above and that minimum output power requirements should be defined to consider the frequency band related aspects we propose that NRU minimum output power requirements are used for NR SL-U. This means that NR SL-U minimum output power level in bands n46, n96 and n102 will be slightly lower that the NR V2X, but this is not expected to become a problem for NR SL-U transmitter implementations. 
Proposal #6:
Reuse the generic Minimum output power requirements in 38.101-1 clause 6.3.1 for NR SL-U the same way as is done for NRU.

Transmit OFF power for NR SL-U
Transmit OFF power level of -50dBm is defined for both NR V2X and NRU. The only difference between the two is that NR V2X requirement is defined to CBWs up to 40MHz only. Measurement bandwidths are defined in a different manner, but end up into same numbers with 15kHz SCS.
For both NR V2X and NRU the minimum output power is defined as the mean power in at least one sub-frame with duration of 1 ms.
Considering the above we propose that NRU minimum output power requirements are used for NR SL-U.
Proposal #7:
Reuse the generic Transmit OFF power requirements in 38.101-1 clause 6.3.2 for NR SL-U the same way as is done for NRU.

ON/OFF time mask for NR SL-U
For NR V2X the ON/OFF time mask is defined separately for PSCCH/PSSCH and S-SSB considering the puncturing that is done for last symbol of the slot to create a guard period. For NRU only one ON/OFF time mask is defined with the CP-extension. ON/OFF time mask transient period for both systems is 10us.
The time mask for NR SL-U needs to consider both the CP-extension and the guard period at the end of the slot.
Proposal #8:
The time mask for NR SL-U needs to consider both the CP-extension and the guard period at the end of the slot.

Power control for NR SL-U
For NR V2X only absolute power tolerance is defined and this are aligned with generic requirements in clause 6.3.4.2 and is +/-9dB under normal conditions for transmission gap larger than 20ms. For NRU absolute, relative and aggregate (for non-contiguous transmissions) power tolerance have been defined in alignment with generic requirements in clause 6.3.4.2, 6.3.4.3 and 6.3.4.4 respectively for transmission gap larger than 40/41ms.
As relative and aggregate power tolerance are not necessary for Sidelink operation it is proposed that only absolute power tolerance requirements are defined for NR SL-U. The duration of the transmission gap needs to be aligned with NR SL-U transmit scheme.
Proposal #9:
It is proposed that only absolute tolerance requirements are defined for NR SL-U. The duration of the transmission gap needs to be aligned with NR SL-U transmit scheme.

Transmit signal quality for NR SL-U
Transmit signal quality requirements consist of Frequency error and Transmit modulation quality requirements.
For the Frequency error the main difference is that for NR V2X the reference is GNSS while for NRU a carrier frequency of the received signal is used. For both systems ±0.1 PPM accuracy observed over a period of 1 ms needs to be achieved. For NR SL-U the frequency error needs to be defined the same way as for NR V2X i.e. by using the GNSS as synchronization source. 
Proposal #10:
For NR SL-U the frequency error needs to be defined the same way as for NR V2X i.e. by using the GNSS as synchronization source. Requirement of ±0.1 PPM accuracy observed over a period of 1 ms can be reused.
When it comes to Transmit modulation accuracy, EVM, Carrier leakage and Equalizer spectrum flatness both NR V2X and NRU refer to generic requirements with some additional clarifications. For NR V2X the EVM requirements in clause 6.4.2.1 are valid for PSCCH, PSSCH and PSBCH physical channels with other than pi/2-BPSK modulation, which is not supported for V2X, and excluding the guard symbol at the end of transmitted slots.
Proposal #11:
Reuse the NR-V2X EVM, Carrier leakage and Equalizer spectrum flatness requirements in 38.101-1 clauses 6.4E.2.2, 6.4E.2.3 and 6.4E.2.5 for NR SL-U.

In-band emission for NR SL-U
During the development of the NRU requirements a comprehensive analysis was carried out to optimize the NRU in-band emission requirements to support the regulative and co-existence requirements within the bands n46, n96 and n102. Therefore, it is proposed that NRU In-band emission requirements are used for NR SL-U PSCCH, PSSCH and PSBCH transmissions over the measurement interval that takes into account guard period at the end of the transmit slot.
In-band emission requirements for NRU UE are shown in table below as reference.

	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	
	Any non-allocated 

	IQ Image
	dB
	-28
	Image frequencies when output power > 10 dBm
	Image frequencies 

	
	
	-25
	Image frequencies when output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm
	Carrier frequency 

	
	
	-25
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm  Output power < -30 dBm
	


Table 6. In-band emission requirements for NRU UE

Proposal #12:
Reuse the NRU In-band emission requirements in 38.101-1 Table 6.4F.2.3-1: Minimum requirements for in-band emissions for NR SL-U PSCCH, PSSCH and PSBCH transmissions over the measurement interval that takes into account guard period at the end of the transmit slot.

Spectrum emission mask for NR SL-U
During the development of the NRU requirements a comprehensive analysis was carried out to optimize the NRU Spectrum Emission Mask (SEM) requirements to support the regulative and co-existence requirements within the bands n46, n96 and n102. This NRU definition for the SEM also addresses the wide-band operation specific aspects.  Therefore it is proposed that NRU Spectrum Emission Mask requirements are used for NR SL-U.
Spectrum emission mask requirements for NRU UE are shown in table below as reference.

	Spectrum emission limit (dBr) / Channel bandwidth

	ΔfOOB
(MHz)
	10, 20, 40, 60, 80, 100 MHz
	Measurement bandwidth
(MBW)

	± 0-1
	
	[100kHz]

	± 1-(BWChannel / 2)
	– 20 – (8 / A) |ΔfOOB – 1| where A = (BWChannel / 2) – 1
	1 MHz

	± (BWChannel / 2)-BWChannel
	– 16 – (6 / BWChannel) |ΔfOOB|
	

	< - BWChannel or > BWChannel
	-40
	


Table 7. Spectrum emission mask for NRU UE

Proposal #13:
Reuse the NRU Spectrum Emission Mask (SEM) requirements in 38.101-1 clause 6.5F.2.2 for NR SL-U.

Additional spectrum emission mask for NR SL-U
For NRU operating in bands n46, n96 and n102 no additional spectrum emission mask requirements are defined and it is proposed that same approach is used for NR SL-U.
Proposal #14:
Additional spectrum emission mask requirements are not needed for NR SL-U when operating in bands n46, n96 and n102. These requirements are not defined for NRU either. 

ACLR requirements for NR SL-U
During the development of the NRU requirements a comprehensive analysis was carried out to optimize the NRU Spectrum Emission Mask (SEM) and related ACLR requirements to support the regulative and co-existence requirements within the bands n46, n96 and n102. The outcome of this study was that ACLR of 27dB has been defined for Power class 5 NRU device and Additional NS_29 ACLR2 requirements are defined for band n46. It is proposed that these NRU requirement is also used for NR SL-U.
Proposal #15:
Reuse the NRU ACLR requirements in 38.101-1 clause 6.5F.2.4 for NR SL-U.

Spurious emissions for NR SL-U
For both NR V2X and NRU the general spurious emission requirements in clause 6.5.3.1 apply and it is proposed to follow the same approach for NR SL-U. 
Proposal #16:
For both NR V2X and NRU the general spurious emission requirements in clause 6.5.3.1 apply and it is proposed to follow the same approach for NR SL-U. 

[bookmark: _Hlk131431168]Additional spurious emissions for NR SL-U
Additional spurious emission requirements are usually band and region specific and needed to comply with prevailing regulations. For NRU operating in the bands n46, n96 and n102 following network signaling value specific requirements are defined: NS_28, NS_29, NS_30, NS_31, NS_53, NS_54, NS_60, NS_58 and NS_61, and similar additional spurious emission requirements are necessary for NR SL-U. Therefore it is proposed to reuse the additional spurious emissions requirements from 38-101-1 clause 6.5F.3.3 for NR-SLU.
Proposal #17:
Reuse the NRU Additional spurious emissions requirements in 38.101-1 clause 6.5F.3.3 for NR SL-U.

Spurious emission band UE co-existence for NR SL-U
For NR V2X the general requirements for UE co-existence in clause 6.5.3.2 apply and it is proposed that these are used as starting point for defining the NR SL-U requirements. For NRU the UE coexistence requirements are not applicable to bands restricted to stand-alone operation with shared spectrum channel access as identified in Table 5.2-1 (n46, n96 and n102) and similar approach should be followed for NR SL-U in case of non-concurrent operation.
Proposal #18:
[bookmark: _GoBack]For NR V2X the general requirements for UE co-existence in clause 6.5.3.2 apply and it is proposed that these are used as starting point for defining the NR SL-U requirements. For NRU the UE coexistence requirements are not applicable to bands restricted to stand-alone operation with shared spectrum channel access as identified in Table 5.2-1 (n46, n96 and n102) and similar approach should be followed for NR SL-U in case of non-concurrent operation.

Transmit intermodulation for NR SL-U
For both NR V2X and NRU the general transmit intermodulation requirements in clause 6.5.4 apply and it is proposed to follow the same approach for NR SL-U. It is to be noted that there is an editorial error in clause 6.5F.4 where the reference should point to clause 6.5.4 and not to 6.5F.4. 
Proposal #19:
For both NR V2X and NRU the general transmit intermodulation requirements in clause 6.5.4 apply and it is proposed to follow the same approach for NR SL-U. 


Conclusions
This contribution addresses single carrier related issues on Tx requirements and proposes a way forward. Appendix A of this document includes related text proposals to TR38.786.
Proposal #1:
Reuse the NRU Transmit power density requirements NR SL-U.
Proposal #2:
Focus first on single carrier (1TX) requirements and return to this at later point in time. Existing NR V2X MIMO definitions can be uses as starting point.
Proposal #3:
Use the NRU Power Class 5 CP-OFDM MPR requirements as starting point for defining the requirements for SideLink PSSCH/PSCCH. Further study is needed to define the MPR requirements for NR SL-U PSFCH and S-SSB transmissions as the waveform of these signals differ from the ones used in NRU.
Proposal #4:
Use the NRU Power class 5 CP-OFDM A-MPR requirements as starting point for defining the requirements for SideLink PSSCH/PSCCH. Further study is needed to define the A-MPR requirements for NR SL-U PSFCH and S-SSB transmissions as the waveform of these signals differ from the ones used in NRU.
Proposal #5:
Reuse the NR-V2X Configured transmitted power requirements in 38.101-1 clause 6.2E.4 for NR SL-U.
Proposal #6:
Reuse the generic Minimum output power requirements in 38.101-1 clause 6.3.1 for NR SL-U the same way as is done for NRU.
Proposal #7:
Reuse the generic Transmit OFF power requirements in 38.101-1 clause 6.3.2 for NR SL-U the same way as is done for NRU.
Proposal #8:
The time mask for NR SL-U needs to consider both the CP-extension and the guard period at the end of the slot.
Proposal #9:
It is proposed that only absolute tolerance requirements are defined for NR SL-U. The duration of the transmission gap needs to be aligned with NR SL-U transmit scheme.
Proposal #10:
For NR SL-U the frequency error needs to be defined the same way as for NR V2X i.e. by using the GNSS as synchronization source. Requirement of ±0.1 PPM accuracy observed over a period of 1 ms can be reused.
When it comes to Transmit modulation accuracy, EVM, Carrier leakage and Equalizer spectrum flatness both NR V2X and NRU refer to generic requirements with some additional clarifications. For NR V2X the EVM requirements in clause 6.4.2.1 are valid for PSCCH, PSSCH and PSBCH physical channels with other than pi/2-BPSK modulation, which is not supported for V2X, and excluding the guard symbol at the end of transmitted slots.
Proposal #11:
Reuse the NR-V2X EVM, Carrier leakage and Equalizer spectrum flatness requirements in 38.101-1 clauses 6.4E.2.2, 6.4E.2.3 and 6.4E.2.5 for NR SL-U.
Proposal #12:
Reuse the NRU In-band emission requirements in 38.101-1 Table 6.4F.2.3-1: Minimum requirements for in-band emissions for NR SL-U PSCCH, PSSCH and PSBCH transmissions over the measurement interval that takes into account guard period at the end of the transmit slot.
Proposal #13:
Reuse the NRU Spectrum Emission Mask (SEM) requirements in 38.101-1 clause 6.5F.2.2 for NR SL-U.
Proposal #14:
[bookmark: _Hlk131586490]Additional spectrum emission mask requirements are not needed for NR SL-U when operating in bands n46, n96 and n102. These requirements are not defined for NRU either. 
Proposal #15:
Reuse the NRU ACLR requirements in 38.101-1 clause 6.5F.2.4 for NR SL-U.
Proposal #16:
For both NR V2X and NRU the general spurious emission requirements in clause 6.5.3.1 apply and it is proposed to follow the same approach for NR SL-U. 
Proposal #17:
Reuse the NRU Additional spurious emissions requirements in 38.101-1 clause 6.5F.3.3 for NR SL-U.
Proposal #18:
For NR V2X the general requirements for UE co-existence in clause 6.5.3.2 apply and it is proposed that these are used as starting point for defining the NR SL-U requirements. For NRU the UE coexistence requirements are not applicable to bands restricted to stand-alone operation with shared spectrum channel access as identified in Table 5.2-1 (n46, n96 and n102) and similar approach should be followed for NR SL-U in case of non-concurrent operation.
Proposal #19:
For both NR V2X and NRU the general transmit intermodulation requirements in clause 6.5.4 apply and it is proposed to follow the same approach for NR SL-U. 
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Appendix A
----- START of TEXT PROPOSAL for TR38.786 -----
[bookmark: _Toc126570181]6	Transmitter characteristics for NR SL evolution
[bookmark: _Toc126570182]6.1		Tx requirements for NR SL single carrier operation in unlicensed band
[bookmark: _Toc463997753][bookmark: _Toc36034797][bookmark: _Toc42537394][bookmark: _Toc46356459][bookmark: _Toc52566373][bookmark: _Toc61187281][bookmark: _Toc66398693][bookmark: _Toc66398910][bookmark: _Toc66432627][bookmark: _Toc66433406][bookmark: _Toc66436181][bookmark: _Toc126570183]6.1.1	Maximum output power for NR SL-U
Power Class 5 UE maximum output power requirements in Table 6.2F.1-1 can be reused for NR SL-U when operated in un-licensed bands.
If new power classes for NRU are added into Rel-17/Rel-18 then introduction of those in NR SL-U should also be considered.
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
	
	

	n462
	
	
	
	
	
	
	20
	+2/-3

	n962
	
	
	
	
	
	
	20
	+2/-3

	n1022
	
	
	
	
	
	
	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




[bookmark: _Toc463997754][bookmark: _Toc36034798][bookmark: _Toc42537395][bookmark: _Toc46356460][bookmark: _Toc52566374][bookmark: _Toc61187282][bookmark: _Toc66398694][bookmark: _Toc66398911][bookmark: _Toc66432628][bookmark: _Toc66433407][bookmark: _Toc66436182][bookmark: _Toc126570184]6.1.2	UE maximum output power reduction for NR SL-U
[bookmark: _Toc463997759][bookmark: _Toc36034800][bookmark: _Toc42537397][bookmark: _Toc46356462][bookmark: _Toc52566376][bookmark: _Toc61187284][bookmark: _Toc66398696][bookmark: _Toc66398913][bookmark: _Toc66432630][bookmark: _Toc66433409][bookmark: _Toc66436184][bookmark: _Toc126570185]6.1.3	UE additional maximum output power reduction for NR SL-U
[bookmark: _Toc463997764][bookmark: _Toc36034801][bookmark: _Toc42537401][bookmark: _Toc46356466][bookmark: _Toc52566380][bookmark: _Toc61187288][bookmark: _Toc66398700][bookmark: _Toc66398917][bookmark: _Toc66432634][bookmark: _Toc66433413][bookmark: _Toc66436188][bookmark: _Toc126570186]6.1.4	Configured transmitted power for NR SL-U
[bookmark: _Toc45888158][bookmark: _Toc45888757][bookmark: _Toc61367402][bookmark: _Toc61372785][bookmark: _Toc68230726][bookmark: _Toc69084139][bookmark: _Toc75467149][bookmark: _Toc76509171][bookmark: _Toc76718161][bookmark: _Toc83580471][bookmark: _Toc84404980][bookmark: _Toc84413589]Existing NR V2X configured output power requirements can also be use for NR SL-U.
General
The NR V2X and NR SL-U UE is allowed to set its configured maximum output power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within the following bounds:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
	PCMAX_L,f, c = MIN {PEMAX,c,  PPowerClass, V2X – MAX(MAX(MPRc , A-MPRc) + TIB,c , P-MPRc), PRegulatory,c }
PCMAX_H,f, c = MIN {PEMAX,c, PPowerClass, V2X,  PRegulatory,c }
where
-	PCMAX,f,c is configured for PSSCH\PSCCH, S-SSB and PSFCH, respectively;
-	For the total transmitted power PCMAX,PSSCH/PSCCH, PEMAX,c is the value given by IE sl-maxTransPower, defined by TS 38.331
-	For the total transmitted power PCMAX,S-SSB, the PCMAX_L,f,c and PCMAX_H,f,c are defined as follows:
PCMAX_L,f,c = MIN {PPowerClass, V2X – MAX(MAX(MPRc , A-MPRc) + TIB,c , P-MPRc), PRegulatory,c}
PCMAX_H,f,c = MIN {PPowerClass, V2X,  PRegulatory,c}
-	For the total transmitted power PCMAX,PSFCH, PEMAX,c is the value given by IE sl-maxTransPower when single resource pool configured is transmitted at a given time and sum of the IEs sl-maxTransPower when multiple resource pools configured are transmitted at a given time, defined by TS 38.331.
-	PPowerClass,V2X is the maximum UE power specified in Table 6.2E.1.1-1 without taking into account the tolerance specified in the Table 6.2E.1.1-1;
-	MPRc and A-MPRc for serving cell c are specified in clause 6.2E.2 and clause 6.2E.3 for PSSCH\PSCCH, S-SSB and PSFCH, respectively;
-	TIB,c,  and P-MPRc are specified in clause 6.2.4 
-	PRegulatory,c= 10 - Gpost connector dBm the V2X UE is within the protected zone [12] of CEN DSRC tolling system and operating in Band n47; PRegulatory,c= 33 - Gpost connector dBm otherwise.
The maximum output power PCMAX,PSSCH and PCMAX,PSCCH are derived from PCMAX,c based on 0dB PSD offset between PSSCH and PSCCH.
For the measured configured maximum output power PUMAX,c for NR V2X and NR SL-U sidelink transmissions non-concurrent with NR uplink transmissions, the same requirement as in clause 6.2.4 shall be applied.

[bookmark: _Toc463997765][bookmark: _Toc36034802][bookmark: _Toc42537402][bookmark: _Toc46356467][bookmark: _Toc52566381][bookmark: _Toc61187289][bookmark: _Toc66398701][bookmark: _Toc66398918][bookmark: _Toc66432635][bookmark: _Toc66433414][bookmark: _Toc66436189][bookmark: _Toc126570187]6.1.5	Minimum output power for NR SL-U
The requirements for minimum output power in clause 6.3.1 apply.

[bookmark: _Toc463997766][bookmark: _Toc36034803][bookmark: _Toc42537403][bookmark: _Toc46356468][bookmark: _Toc52566382][bookmark: _Toc61187290][bookmark: _Toc66398702][bookmark: _Toc66398919][bookmark: _Toc66432636][bookmark: _Toc66433415][bookmark: _Toc66436190][bookmark: _Toc126570188]6.1.6	Transmit OFF power for NR SL-U
The requirements for Transmit OFF power in clause 6.3.2 apply.

[bookmark: _Toc463997767][bookmark: _Toc36034804][bookmark: _Toc42537404][bookmark: _Toc46356469][bookmark: _Toc52566383][bookmark: _Toc61187291][bookmark: _Toc66398703][bookmark: _Toc66398920][bookmark: _Toc66432637][bookmark: _Toc66433416][bookmark: _Toc66436191][bookmark: _Toc126570189]6.1.7	ON/OFF time mask for NR SL-U
[bookmark: _Toc463997768][bookmark: _Toc36034808][bookmark: _Toc42537408][bookmark: _Toc46356473][bookmark: _Toc52566387][bookmark: _Toc61187295][bookmark: _Toc66398707][bookmark: _Toc66398924][bookmark: _Toc66432641][bookmark: _Toc66433420][bookmark: _Toc66436195][bookmark: _Toc126570190]6.1.8	Power control for NR SL-U
[bookmark: _Toc45888230][bookmark: _Toc45888829][bookmark: _Toc61367494][bookmark: _Toc61372877][bookmark: _Toc68230824][bookmark: _Toc69084237][bookmark: _Toc75467247][bookmark: _Toc76509269][bookmark: _Toc76718259][bookmark: _Toc83580580][bookmark: _Toc84405089][bookmark: _Toc84413698]General
When UE is configured for NR V2X sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X or NR SL-U operating bands in Table 5.2E.1-1, the following requirements are applied for NR V2X and NR SL-U sidelink transmission.
For NR V2X and NR SL-U UE supporting SL MIMO or Tx Diversity, the power control tolerance for single carrier shall apply to the sum of output power at each transmit antenna connector.
[bookmark: _Toc463997769][bookmark: _Toc22648731][bookmark: _Toc45888231][bookmark: _Toc45888830][bookmark: _Toc61367495][bookmark: _Toc61372878]If the UE transmits on one antenna connector at a time, the requirements for single carrier shall apply to the active antenna connector.
[bookmark: _Toc68230825][bookmark: _Toc69084238][bookmark: _Toc75467248][bookmark: _Toc76509270][bookmark: _Toc76718260][bookmark: _Toc83580581][bookmark: _Toc84405090][bookmark: _Toc84413699]Absolute power tolerance
The requirements in clause 6.3.4.2 shall apply for NR V2X and NR SL-U transmission. For the NR SL-U transmission 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 TBD ms.

[bookmark: _Toc463997770][bookmark: _Toc36034810][bookmark: _Toc42537410][bookmark: _Toc46356475][bookmark: _Toc52566389][bookmark: _Toc61187297][bookmark: _Toc66398709][bookmark: _Toc66398926][bookmark: _Toc66432643][bookmark: _Toc66433422][bookmark: _Toc66436197][bookmark: _Toc126570191]6.1.9	Transmit signal quality for NR SL-U
[bookmark: _Toc45888261][bookmark: _Toc45888860][bookmark: _Toc61367545][bookmark: _Toc61372928][bookmark: _Toc68230876][bookmark: _Toc69084289][bookmark: _Toc75467299][bookmark: _Toc76509321][bookmark: _Toc76718311][bookmark: _Toc83580642][bookmark: _Toc84405151][bookmark: _Toc84413760]Frequency error for NR V2X and NR SL-U
[bookmark: _Toc45888262][bookmark: _Toc45888861][bookmark: _Toc61367546][bookmark: _Toc61372929][bookmark: _Toc68230877][bookmark: _Toc69084290][bookmark: _Toc75467300][bookmark: _Toc76509322][bookmark: _Toc76718312][bookmark: _Toc83580643][bookmark: _Toc84405152][bookmark: _Toc84413761]General
The UE modulated carrier frequency for NR V2X and NR SL-U sidelink, shall be accurate to within ±0.1 PPM observed over a period of 1 ms compared to the absolute frequency in case of using GNSS synchronization source. The same requirements apply over a period of 1 ms compared to the carrier frequency received from the gNB or V2X or NR SL-U synchronization reference UE in case of using the gNB or NR V2X or NR SL-U synchronization reference UE sidelink synchronization signals.
For NR V2X UE supporting SL MIMO or Tx Diversity, the UE modulated carrier frequency at each transmit antenna connector shall be accurate to within ±0.1 PPM observed over a period of 1 ms in case of using GNSS synchronization source. The same requirements apply over a period of 1 ms compared to the relative frequency in case of using the NR gNode B or V2X or NR SL-U synchronization reference UE sidelink synchronization signals.
If the UE transmits on one antenna connector at a time, the requirements for single carrier shall apply to the active antenna connector.

Transmit modulation quality for NR V2X and NR SL-U
[bookmark: _Toc45888265][bookmark: _Toc45888864][bookmark: _Toc61367549][bookmark: _Toc61372932][bookmark: _Toc68230880][bookmark: _Toc69084293][bookmark: _Toc75467303][bookmark: _Toc76509325][bookmark: _Toc76718315][bookmark: _Toc83580646][bookmark: _Toc84405155][bookmark: _Toc84413764]General
The transmit modulation quality is specified in terms of:
-	Error Vector Magnitude (EVM) for the allocated resource blocks (RBs)
-	EVM equalizer spectrum flatness derived from the equalizer coefficients generated by the EVM measurement process
-	Carrier leakage
-	In-band emissions for the non-allocated RB
All the parameters defined in clause 6.4.2 are defined using the measurement methodology specified in Annex F.
In case the parameter 3300 or 3301 is reported from UE via the parameter txDirectCurrentLocation in UplinkTxDirectCurrentList IE (as defined in TS 38.331 [7]), carrier leakage measurement requirement in clause 6.4.2.2 and 6.4.2.3 shall be waived, and the RF correction with regard to the carrier leakage and IQ image shall be omitted during the calculation of transmit modulation quality.

The transmit modulation quality requirements in this clause apply to NR V2X and NR SL-U sidelink transmissions.
For NR V2X or NR SL-U UE supporting SL MIMO or Tx Diversity, the transmit modulation quality requirements for single carrier shall apply to each transmit antenna connector.
[bookmark: _Toc45888266][bookmark: _Toc45888865][bookmark: _Toc61367550][bookmark: _Toc61372933]If UE transmits on one antenna connector at a time, the requirements specified for single carrier apply to the active antenna connector.

[bookmark: _Toc68230881][bookmark: _Toc69084294][bookmark: _Toc75467304][bookmark: _Toc76509326][bookmark: _Toc76718316][bookmark: _Toc83580647][bookmark: _Toc84405156][bookmark: _Toc84413765]Error Vector Magnitude for NR V2X and NR SL-U
[bookmark: _Toc45888267][bookmark: _Toc45888866][bookmark: _Toc61367551][bookmark: _Toc61372934]For NR V2X and NR SL-U sidelink physical channels PSCCH and PSSCH, the Error Vector Magnitude requirements shall be as specified for PUSCH in Table 6.4.2.1-1 except pi/2-BPSK for NR V2X and NR SL-U operating bands in Table 5.2E.1-1. When sidelink transmissions are shortened due to transmission gap of one symbol at the end of the slot, the EVM measurement interval is reduced by one symbol, accordingly.

[bookmark: _Toc68230882][bookmark: _Toc69084295][bookmark: _Toc75467305][bookmark: _Toc76509327][bookmark: _Toc76718317][bookmark: _Toc83580648][bookmark: _Toc84405157][bookmark: _Toc84413766]Carrier leakage for NR V2X and NR SL-U
Carrier leakage of NR V2X sidelink transmission, the requirements for NR PUSCH in Table 6.4.2.2-1 shall be applied.

[bookmark: _Toc45888268][bookmark: _Toc45888867][bookmark: _Toc61367552][bookmark: _Toc61372935][bookmark: _Toc68230883][bookmark: _Toc69084296][bookmark: _Toc75467306][bookmark: _Toc76509328][bookmark: _Toc76718318][bookmark: _Toc83580649][bookmark: _Toc84405158][bookmark: _Toc84413767]In-band emissions for NR V2X and NR SL-U
[bookmark: _Toc45888269][bookmark: _Toc45888868][bookmark: _Toc61367553][bookmark: _Toc61372936]For V2X sidelink physical channels PSCCH, PSSCH and PSBCH, the In-band emissions requirements shall be as specified for PUSCH in subclause 6.4.2.3 for the corresponding modulation and transmission bandwidth. When V2X transmissions are shortened due to transmission gap of one symbol at the end of the subframe, the In-band emissions measurement interval is reduced by one symbol, accordingly.
For NR SL-U sidelink physival channels PSCCH, PSSCH and PSBCH, when operated in bands n46, n96 and n102, the In-band emissions requirements shall be as specified for PUSCH in subclause 6.4F.2.3 for the corresponding modulation and transmission bandwidth. When V2X transmissions are shortened due to transmission gap of one symbol at the end of the subframe, the In-band emissions measurement interval is reduced by one symbol, accordingly.

[bookmark: _Toc68230884][bookmark: _Toc69084297][bookmark: _Toc75467307][bookmark: _Toc76509329][bookmark: _Toc76718319][bookmark: _Toc83580650][bookmark: _Toc84405159][bookmark: _Toc84413768]EVM equalizer spectrum flatness for NR V2X and NR SL-U
For V2X sidelink physical channels PSCCH, PSSCH and PSBCH, the EVM equalizer spectrum flatness requirements shall be as specified for PUSCH in clause 6.4.2.4 for the corresponding modulation and transmission bandwidth.

[bookmark: _Toc463997777][bookmark: _Toc36034817][bookmark: _Toc42537417][bookmark: _Toc46356482][bookmark: _Toc52566396][bookmark: _Toc61187304][bookmark: _Toc66398716][bookmark: _Toc66398933][bookmark: _Toc66432650][bookmark: _Toc66433429][bookmark: _Toc66436204][bookmark: _Toc126570192]6.1.10	Spectrum emission mask for NR SL-U
[bookmark: _Toc45888357][bookmark: _Toc45888956][bookmark: _Toc61367654][bookmark: _Toc61373037][bookmark: _Toc68230986][bookmark: _Toc69084399][bookmark: _Toc75467409][bookmark: _Toc76509431][bookmark: _Toc76718421][bookmark: _Toc83580759][bookmark: _Toc84405268][bookmark: _Toc84413877][bookmark: _Toc45888358][bookmark: _Toc45888957][bookmark: _Toc61367655][bookmark: _Toc61373038][bookmark: _Toc68230987][bookmark: _Toc69084400][bookmark: _Toc75467410][bookmark: _Toc76509432][bookmark: _Toc76718422][bookmark: _Toc83580760][bookmark: _Toc84405269][bookmark: _Toc84413878]Occupied bandwidth for NR V2X and NR SL-U
General
When UE is configured for NR V2X or NR SL-U sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X or NR SL-U operating bands specified in Table 5.2E.1-1, the requirements in clause 6.5.1 shall apply for NR V2X and NR SL-U sidelink transmission.
For NR V2X UE and NR SL-U with two transmit antenna connectors, the occupied bandwidth at each transmitter antenna shall be less than the channel bandwidth specified in Table 6.5.1-1. The requirements shall be met with SL MIMO configurations described in clause 6.2D.1.
If UE transmits on one antenna connector at a time, the requirements specified for single carrier shall apply to the active antenna connector.

Out of band emission for NR V2X and NR SL-U
[bookmark: _Toc45888361][bookmark: _Toc45888960][bookmark: _Toc61367658][bookmark: _Toc61373041][bookmark: _Toc68230990][bookmark: _Toc69084403][bookmark: _Toc75467413][bookmark: _Toc76509435][bookmark: _Toc76718425][bookmark: _Toc83580763][bookmark: _Toc84405272][bookmark: _Toc84413881]General
When UE is configured for NR V2X sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 5.2E.1-1, the requirements in clause 6.5E.2.2.1, 6.5E.2.3 and 6.5E.2.4.1 apply for NR V2X sidelink transmission.
When UE is configured for NR SL-U sidelink transmissions non-concurrent with NR uplink transmissions in bands n46, n96 and n102, the requirements in clause 6.5F.2 apply for NR SL-U sidelink transmission.
For NR V2X or NR SL-U UE with two transmit antenna connectors, the requirements specified for single carrier shall apply to each transmit antenna connector. The requirements shall be met with SL MIMO configurations described in clause 6.2D.1.
[bookmark: _Toc61367685][bookmark: _Toc61373068][bookmark: _Toc68231017][bookmark: _Toc69084430][bookmark: _Toc75467440][bookmark: _Toc76509462][bookmark: _Toc76718452][bookmark: _Toc83580790][bookmark: _Toc84405299][bookmark: _Toc84413908]Additional spectrum emission for NR V2X and NR SL-U
Clause 5.3E.2.3.1 defines Additional Spectrum emission mask requirements for NR V2X. Additional requirements for NS_33, NS_52 are defined for operation in band n47 and NS_6 for operation in band n14. 
For NR SL-U UE when operating in bands n46, n96 and n102 Additional spectrum emission mask requirements are not needed. These requirements are not defined for NRU either.

[bookmark: _Toc463997779][bookmark: _Toc36034819][bookmark: _Toc42537419][bookmark: _Toc46356484][bookmark: _Toc52566398][bookmark: _Toc61187306][bookmark: _Toc66398718][bookmark: _Toc66398935][bookmark: _Toc66432652][bookmark: _Toc66433431][bookmark: _Toc66436206][bookmark: _Toc126570193]6.1.11	ACLR requirements for NR SL-U
[bookmark: _Toc45888369][bookmark: _Toc45888968][bookmark: _Toc61367666][bookmark: _Toc61373049][bookmark: _Toc68230998][bookmark: _Toc69084411][bookmark: _Toc75467421][bookmark: _Toc76509443][bookmark: _Toc76718433][bookmark: _Toc83580771][bookmark: _Toc84405280][bookmark: _Toc84413889]General
Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency.
To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.
For NR V2X UE, the existing ACLR requirement for NR uplink transmission in clause 6.5.2.4 are applied for NR V2X UE for NR V2X operating bands in 5.2E.1-1.
For NR SL-U UE when operating in bands n46, n96 and n102 the ACLR requirement in clauses 6.5F.2.4.1 and 6.5F.2.4.2 apply.
For NR V2X and NR SL-U UE with two transmit antenna connectors, the requirements specified for single carrier shall apply to each transmit antenna connector. The requirements shall be met with SL MIMO configurations described in clause 6.2D.1.
If V2X UE transmits on one antenna connector at a time, the requirements specified for single carrier shall apply to the active antenna connector.

[bookmark: _Toc463997780][bookmark: _Toc36034820][bookmark: _Toc42537420][bookmark: _Toc46356485][bookmark: _Toc52566399][bookmark: _Toc61187307][bookmark: _Toc66398719][bookmark: _Toc66398936][bookmark: _Toc66432653][bookmark: _Toc66433432][bookmark: _Toc66436207][bookmark: _Toc126570194]6.1.12	Spurious emissions for NR SL-U
[bookmark: _Toc45888372][bookmark: _Toc45888971][bookmark: _Toc61367669][bookmark: _Toc61373052][bookmark: _Toc68231001][bookmark: _Toc69084414][bookmark: _Toc75467424][bookmark: _Toc76509446][bookmark: _Toc76718436][bookmark: _Toc83580774][bookmark: _Toc84405283][bookmark: _Toc84413892]General spurious emissions
When UE is configured for NR V2X or NR SL-U sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X and NR SL-U operating bands specified in Table 5.2E.1-1, the general spurious emission requirements in clause 6.5.3.1 shall apply for NR V2X and NR SL-U sidelink transmission.
For UE with two transmit antenna connectors, the requirements specified for single carrier shall apply to each transmit antenna connector. The requirements shall be met with the SL MIMO configurations described in clause 6.2D.1.
[bookmark: _Toc61367692][bookmark: _Toc61373075][bookmark: _Toc68231024][bookmark: _Toc69084437][bookmark: _Toc75467447][bookmark: _Toc76509469][bookmark: _Toc76718459][bookmark: _Toc83580797][bookmark: _Toc84405306][bookmark: _Toc84413915]Additional spurious emissions
General 
These requirements are specified in terms of an additional spectrum emission requirement. Additional spurious emission requirements are signalled by the network to indicate that the UE shall meet an additional requirement for a specific deployment scenario as part of the cell handover/broadcast message.
For NR SL-U UE when operating in bands n46, n96 and n102 Additional spectrum emission mask requirements apply for NS_28, NS_29, NS_30, NS_31, NS_53, NS_54, NS_60, NS_58 and NS_61 as specified in clause 6.5F.3.3.

[bookmark: _Toc463997781][bookmark: _Toc36034821][bookmark: _Toc42537421][bookmark: _Toc46356486][bookmark: _Toc52566400][bookmark: _Toc61187308][bookmark: _Toc66398720][bookmark: _Toc66398937][bookmark: _Toc66432654][bookmark: _Toc66433433][bookmark: _Toc66436208][bookmark: _Toc126570195]6.1.13	Spurious emission band UE co-existence for NR SL-U
[bookmark: _Toc45888373][bookmark: _Toc45888972][bookmark: _Toc61367670][bookmark: _Toc61373053][bookmark: _Toc68231002][bookmark: _Toc69084415][bookmark: _Toc75467425][bookmark: _Toc76509447][bookmark: _Toc76718437][bookmark: _Toc83580775][bookmark: _Toc84405284][bookmark: _Toc84413893]Spurious emissions for UE co-existence for NR V2X and NR SL-U
When UE is configured for NR V2X sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 5.2E.1-1, the requirements in clause 6.5.3.2 shall apply for NR V2X sidelink transmission.
When UE is configured for NR SLU sidelink transmissions in bands n46, n96 and n102 non-concurrent with NR uplink transmissions in licensed bands the spurious emissions requirements for UE coexistence are not applicable.
For UE with two transmit antenna connectors, the requirements specified for single carrier shall apply to each transmit antenna connector. The requirements shall be met with the SL MIMO configurations described in clause 6.2D.1.

[bookmark: _Toc36034822][bookmark: _Toc42537422][bookmark: _Toc46356487][bookmark: _Toc52566401][bookmark: _Toc61187309][bookmark: _Toc66398721][bookmark: _Toc66398938][bookmark: _Toc66432655][bookmark: _Toc66433434][bookmark: _Toc66436209][bookmark: _Toc126570196]6.1.14	Transmit intermodulation for NR SL-U
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When UE is configured for NR V2X or NR SL-U sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 5.2E.1-1, the requirements in clause 6.5.4 apply for NR V2X and NR SL-U sidelink transmission.
For UE with two transmit antenna connectors, the requirements specified for single carrier shall apply to each transmit antenna connector. The requirements shall be met with the SL MIMO configurations described in clause 6.2D.1.
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