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[bookmark: _Toc45888356][bookmark: _Toc45888955]<Start of Changes>

[bookmark: _Toc36034778][bookmark: _Toc42537375][bookmark: _Toc46356440]7	Operating bands and channel arrangement 
[bookmark: _Toc36034779][bookmark: _Toc42537376][bookmark: _Toc46356441]7.1	Operating bands
[bookmark: _Toc36034780][bookmark: _Toc42537377][bookmark: _Toc46356442]7.1.1	Operating bands in FR1
NR V2X communication is designed to operate in the operating bands in FR1 defined in Table 7.1.1-1.
Table 7.1.1-1 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
	
	

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

	n47
	5855 MHz
	-
	5925 MHz
	5855 MHz
	-
	5925 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.n38 operating restriction will be captured based on agreement in R4-1913959



<Uncahnged sections are omitted>
[bookmark: _Toc36034783][bookmark: _Toc42537380][bookmark: _Toc46356445]7.2	Channel bandwidth
[bookmark: _Toc36034784][bookmark: _Toc42537381][bookmark: _Toc46356446]7.2.1	Channel bandwidth in FR1
The NR V2X Communication channel bandwidths and operating bands are shown in Table 7.2.1-1. The same (symmetrical) channel bandwidth is specified for both the TX and RX path.
Channel bandwidths defined for NR V2X licensed band should be a subset of UE channel bandwidths for the same licensed band in NR for Rel-16. If operators do have a request for introducing new channel bandwidths for NR V2X licensed bands, it can be treated in the enhanced sidelink WI for collecting operators’ request and defining additional RF requirements related to these new channel bandwidths in Rel-17.
Table 7.2.1-1 V2X Communication channel bandwidth
	
	
	V2X band / V2X channel bandwidth

	V2X Operating Band
	SCS kHz
	10 MHz
	20 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	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
	
	
	
	
	



<Uncahnged sections are omitted>

[bookmark: _Toc36034795][bookmark: _Toc42537392][bookmark: _Toc46356457]8	Transmitter characteristics
[bookmark: _Toc36034796][bookmark: _Toc42537393][bookmark: _Toc46356458]8.1	NR V2X UE Tx requirements in FR1
When a NR V2X UE is TDM operating between NR SL and LTE SL at n47, the NR V2X UE need to satisfy the individual V2X Tx requirements of each RAT. For V2X applications the transmitter characteristics are specified at UE antenna connector without any external components that may be used to relocate the antenna away from the UE as shown in Figure 8.1-1.
Figure 8.1-1 shows a V2X integration block diagram with an example set of components external to the UE such as cables and compensator devices. 
[image: ]
Figure 8.1-1 An Example of V2X UE intergrataion block diagram

[bookmark: _Toc463997753][bookmark: _Toc36034797][bookmark: _Toc42537394][bookmark: _Toc46356459]8.1.1	Maximum output power for NR V2X UE
The following V2X UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth. The period of measurement shall be at least one sub frame (1ms).
Table 8.1-1: V2X UE Power Class
	NR band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	…
	
	
	
	
	
	
	
	

	n38
	
	
	
	
	23
	±2
	
	

	n47
	
	
	
	
	23
	±2
	
	

	NOTE 1:	NR Band n47 is used for NR V2X Service.
NOTE 2:	PPowerClass is the maximum UE power specified without taking into account the tolerance 



[bookmark: _Toc463997754][bookmark: _Toc36034798][bookmark: _Toc42537395][bookmark: _Toc46356460]8.1.2	UE maximum output power reduction

The following assumption can serve as a starting point for MPR simulation assumptions as shown in Table 8.1.2-1 and Table 8.1.2-2.
Table 8.1.2-1: MPR simulation assumption for NR V2X
	parameter
	Assumption

	center frequency
	2.7GHz/5.9GHz

	Bandwidth
	10/20/30/40MHz

	Maximum output power
	23dBm

	numerology
	15 kHz/30kHz/60kHz

	Modulation
	QPSK/16QAM/64QAM/256QAM

	Waveform
	CP-OFDM

	Carrier leakage
	25dBc

	IQ image
	25dBc

	CIM3
	45dBc or 60dBc

	PA calibration
	PA calibrated to deliver -30dBc ACLR for a fully allocated RBs in 20MHz QPSK DFT- S-OFDM waveform at 1 dB MPR.
This is based to share PA between LTE V2X and NR V2X at 5.9GHz as worst case.



For NR V2X, simultaneous transmission of PSCCH and PSSCH in the same subframe is supported. The following constraints in table 8.1.2-2 can be assumed based on current RAN1’s agreement.
Table 8.1.2-2: MPR simulation assumption based on RAN1’s agreement
	Items
	Assumption

	Allowed sub-channel sizes
	•	Support {10, 15, 20, 25, 50, 75, 100} PRBs for possible sub-channel size.


	Allowed LCRB allocation
	10,15,20,25,30,40,45,50,60,70,75,80,90,100,105,110,120,130,135,140,150,160,165,170,175,180,190,195,200,210

	Regarding PSCCH / PSSCH multiplexing
	
[image: ]

	PSCCH size
	10RB*3 Symbols

	PSD offset of X dB between PSCCH and PSSCH
	0dB




For simultaneous transmission of PSFCH, RAN4 assumed as follow
· The baseline MPR simulation assumptions for multiple PSFCH transmission
· 1 RB per user
· Both Non-contiguous PSFCH RB allocation and contiguous PSFCH allocation are allowed
· MPR will be derived by non-contiguous PSFCH RB allocation
· Total power of all users equals 23dBm
· All users have the same power per RB
· Simulation parameters as per Table 8.1.2-1 and Table 8.1.2-2
· Feedback sequences are per Section 5.2 TS 38.211
· The MPR will be specified as a formula or table based on number of allocated RBs. 
· PSFCH generation shall be based on existing RAN1 agreements
· Assumption of N in RAN4 is only for MPR simulation purpose, the final number is up to RAN1 decision

Based on the simulation, RAN4 specify MPR requirements as follow

When UE is configured for NR V2X sidelink transmissions non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 8.1-1, this subclause specifies the allowed Maximum Power Reduction (MPR) power for NR V2X physical channels and signals due to PSCCH and PSSCH simultaneous transmission.

[bookmark: OLE_LINK63][bookmark: OLE_LINK62][bookmark: _Toc36034799][bookmark: _Toc42537396][bookmark: _Toc46356461]8.1.2.1	MPR for Power class 3 V2X UE
For contiguous allocation of PSCCH and PSSCH simultaneous transmission, the allowed MPR for the maximum output power for NR V2X physical channels PSCCH and PSSCH shall be specified as inner/outer RB allocations in Table 8.1.2.1-1 for power class 3.
Table 8.1.2.1-1: Maximum Power Reduction (MPR) for power class 3 V2X (Contiguous PSCCH and PSSCH transmission)
	Modulation
	Channel bandwidth/MPR (dB)

	
	Outer RB allocations
	Inner RB allocations

	CP-OFDM 
	QPSK
	≤ 4.5
	≤ 2.5

	
	16QAM
	≤ 4.5
	≤ 2.5

	
	64 QAM
	≤ 4.5

	
	256 QAM
	≤ 7.0



Where the following parameters are defined to specify valid RB allocation ranges for Outer and Inner RB allocations:
NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1 in TS38.101-1. 
RBStart,Low = max(1, floor(LCRB/2))
where max() indicates the largest value of all arguments and floor(x) is the greatest integer less than or equal to x.
RBStart,High = NRB – RBStart,Low – LCRB
The RB allocation is an Inner RB allocation if the following conditions are met
RBStart,Low  ≤  RBStart  ≤  RBStart,High, and
LCRB  ≤  ceil(NRB/2)
where ceil(x) is the smallest integer greater than or equal to x.
The RB allocation is an Outer RB allocation for all other allocations which are not an Inner RB allocation.

For single V2X UE’s PSFCH transmission for PC3 NR V2X UE, the required MPR is defined as follow
MPR_PSFCH =  3.5 dB
For contiguous and non-contiguous allocation for simultaneous PSFCH transmission for PC3 NR V2X UE, the required MPR are specified as follow
MPR_PSFCH = CEIL {MA_PSFCH, 0.5}
Where MA is defined as follows
MA_PSFCH  =	7.5		; 0.00 <  NGap/NRB  ≤ 0.55
= 12.0	; 0.55 < NGap/NRB ≤ 1.0
Where
	NGap is the gap RB amount between RBstart and RBend for contiguous and non-contiguous allocation simultaneous PSFCH transmission. (NGap = RBend - RBstart)
CEIL{MA, 0.5} means rounding upwards to closest 0.5dB.
The allowed MPR for the maximum output power for V2X physical channels on S-SSB transmission are specified as follow
Table 8.1.2.1-2: Maximum Power Reduction (MPR) for S-SSB transmission for power class 3 V2X

	Channel
	MPR (dB)

	
	Outer RB allocations1
	Inner RB allocations1

	S-SSB
	≤ 6.0
	≤ 2.5

	NOTE 1: Inner and Outer RB allocations are defined in section 8.1.2.1



[bookmark: _Toc463997759][bookmark: _Toc36034800][bookmark: _Toc42537397][bookmark: _Toc46356462]8.1.3	UE maximum output power with additional requirements

To comply the EN 302 571 standard  emission mask, RAN4 need to derive A-MPR requirements considering with the additional A-SEM and A-SE requirements in EN 302 571 standard as shown in Table 8.1.3-1 and Table 8.1.3-2. 
NR V2X UE shall satisfy the additional SEM and additional SE requirements when NS_33 is configured from pre-configured radio parameters or the cell and the indication from upper layers has indicated was informed.
Table 8.1.3-1: Additional SEM requirements for 10MHz channel bandwidth
	Spectrum emission limit (dBm EIRP)/ Channel bandwidth

	ΔfOOB
(MHz)
	10 MHz
	Measurement bandwidth

	 0-0.5
	[]
	100 kHz

	 0.5-5
	[]
	100 kHz

	 5-10
	[]
	100 kHz



NOTE 1:	As a general rule, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, 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.
NOTE 2:	Additional SEM for V2X overrides any other requirements in frequency range 5855-5950MHz.
NOTE 3:	The EIRP requirement is converted to conducted requirement depend on the supported post antenna connector gain Gpost connector declared by the UE following the principle described in annex G in TS38.101-1.

Table 8.1.3-2: Additional SE requirements
	n47
	E-UTRA Band 1, 3, 5, 7, 8, 22, 26, 28, 34, 39, 40, 41, 42, 44, 45, 65, 68, 72, 73
NR band n77, n78 , n79
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	5925
	-
	5950
	-30 EIRP
	1
	38, 40, 43

	
	Frequency range
	5815
	-
	5855
	-30 EIRP
	1
	38, 43

	NOTE 38:	Applicable when NS_33 or NS_34 is configured by the pre-configured radio parameters.
NOTE 40: In the frequency range x-5950MHz, SE requirement of -30dBm/MHz should be applied; where x = max (5925, fc + 15), where fc is the channel centre frequency.
NOTE 43:	The EIRP requirement is converted to conducted requirement depend on the supported post antenna connector gain Gpost connector declared by the UE following the principle described in annex I.




Also, FCC had regulatory requirements for 40MHz in ITS spectrum as shown in Table 8.1.3-3
Table 8.1.3-3: Additional SEM requirements for 40MHz channel bandwidth (fc =5885 MHz)
	ΔfOOB (MHz)
	Emission Limit (dBm)
	Measurement Bandwidth

	0 - 2
	-32
	100kHz

	2-10
	-36
	100kHz

	10-20
	-38
	100kHz

	20-40
	-43
	100kHz

	40 - 100
	-50
	100kHz



To comply the regional regulatory requirements, RAN4 specify the A-MPR requirements according to different network signalling by pre-configured radio parameters or the cell and the indication from upper layers has indicated to NR V2X UE.
The allowed additional Maximum Power Reduction (A-MPR) for the maximum output power due to higher order modulation and transmit bandwidth configuration (resource blocks) will be specified in TS38.101-1 as below.

Table 8.1.3-4: Additional Maximum Power Reduction (A-MPR) for NR V2X
	Network Signalling value
	Requirements (subclause)
	NR Band
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	A-MPR (dB)

	NS_33
	Table 8.1.3-1
(A-SEM)
Table 8.1.3-2 
(A-SE)
	n47
	10
	Table 8.1.3.1-1
Table 8.1.3.1-2
Table 8.1.3.1-3
Table 8.1.3.1-4

	NS_52
	Table 8.1.3-3
(A-SEM)
	n47
	40
	Table 8.1.3.2-1
Table 8.1.3.2-2
Table 8.1.3.2-3

	NS_XX
	Table 8.1.3-1
(A-SEM)
	n47
	10
	Table 8.1.3.3-1
Table 8.1.3.3-2
Table 8.1.3.3-3



[bookmark: _Toc42537398][bookmark: _Toc46356463]8.1.3.1	AMPR for NS_33
When NS_33 is indicated by the network or pre-configured radio parameters for NR V2X UE, the additional maximum output power reduction specified as
	A-MPR = CEIL {MA, 0.5}
Where MA is defined as follows
	MA = A-MPRBase + Gpost connector* A-MPRStep
CEIL{MA, 0.5} means rounding upwards to closest 0.5dB. 
A-MPRBase which is specified for PSCCH and PSSCH transmission\S-SSB\PSFCH below is allowed when network signalling value is provided. A-MPRBase is the default A-MPR value when no Gpost connector is declared. The supported post antenna connector gain Gpost connector is declared by the UE following the principle described in 38.101-1.

For the contiguous PSSCH and PSCCH transmission when NS_33 is indicated by the network or pre-configured radio parameters for NR V2X UE, the NR UE allow the follow A-MPR requirements.
Table 8.1.3.1-1: A-MPR for PSSCH/PSCCH by NS_33 (at Fc =5860MHz)
	Carrier frequency(MHz)
	Resources Blocks (LCRB) 
	Start Resource
Block
	A-MPRbase (dB)

	
	
	
	QPSK/16QAM
	64QAM
	256QAM

	5860
	≥ 10 and ≤ 15
	0
	≤ 24

	
	
	≥ 1 and ≤ 3
	≤19

	
	≥ 10 and ≤ 15
	≥ 26 and ≤ 38
	≤6

	
	≥ 10 and ≤ 20
	≥ 12 and ≤ 14
	≤11

	
	
	≥ 15 and ≤ 19
	≤9.5

	
	
	≥ 20 and ≤ 25
	≤8.0

	
	≥ 10 and ≤ 30
	≥ 4 and ≤7
	≤ 16

	
	
	≥ 8 and ≤ 11
	≤ 13.5

	
	≥ 20 and ≤ 30
	≥ 0 and ≤ 3
	≤ 22

	
	25 and 30
	≥ 16 and ≤ 21
	≤ 9.5

	
	
	≥ 22 and ≤ 27
	≤ 8.0

	
	≥ 25 and ≤ 40
	≥ 12 and ≤ 15
	≤ 12

	
	40 and 45
	0 and 1
	≤ 19

	
	
	≥ 2 and ≤ 5
	≤ 16

	
	
	≥ 6 and ≤ 11
	≤ 13.5

	
	≥ 50
	≥ 0
	≤ 16

	Note 1: A-MPRstep =1.2 dB used for RBstart 0 and 1 and A-MPRstep =0.7 dB used for all other RBstart



Table 8.1.3.1-2: A-MPR for PSSCH/PSCCH by NS_33 at other carrier frequency
	Carrier frequency(MHz)
	RB allocations
	A-MPRbase  (dB)
	A-MPRstep (dB)

	
	
	QPSK 
	16QAM
	64QAM
	256QAM
	

	5870, 5880, 5890, 5900, 5910, 5920 
	Inner
	≤ 3.0
	≤ 5.0
	≤ 6.0
	0.5

	
	Outer
	≤ 4.5
	
	
	

	NOTE 1: Inner and Outer RB allocations are defined in section 8.1.2.1




For the simultaneous PSFCH transmission when NS_33 is indicated by the network or pre-configured radio parameters for NR V2X UE, the NR UE allow the follow A-MPR requirements
Table 8.1.3.1-3: A-MPR for simultaneous PSFCH by NS_33
	Channel Bandwidth
[MHz]
	Center Frequency
[MHz]
	RB allocation
	A-MPRBase  (dB)
	A-MPRstep (dB)

	
	
	
	0 ≤ NGap / NRB < 0.15
	0.15≤ NGap / NRB < 0.3
	0.3≤ NGap / NRB ≤ 1
	

	10
	5860
	NRB =1
	19.0
	1.0

	
	
	NRB > 1
	22.0
	

	
	5870, 5880, 5890, 5900, 5910, 5920
	NRB =1
	5
	0.8

	
	
	NRB > 1
	14
	7
	18.5
	

	Note 1: NGap is the gap RB amount between RBstart and RBend for contiguous and non-contiguous allocation simultaneous PSFCH transmission. (NGap = RBend - RBstart)


 [Editor Note] A-MPR table will be updated
For the S-SSB transmission when NS_33 is indicated by the network or pre-configured radio parameters for NR V2X UE, the NR UE allow the follow A-MPR requirements
Table 8.1.3.1-4: A-MPR for S-SSB transmission by NS_33
	Carrier Frequency (MHz)
	RBStart * 12*SCS 
[MHz]
	A-MPRBase (dB)
	AMPRStep (dB)

	5860
	≤1.0
	≤ 25
	0.6

	
	>1.0 and ≤2.0
	≤ 19
	

	
	>2.0 and ≤3.24
	≤ 12
	

	
	>3.24 and ≤3.6
	≤ 10
	

	
	>3.6
	≤ 9
	

	5870, 5880, 5890, 5900, 5910, 5920
	≤1.0
	≤ 7.0
	0.85

	
	>1.0 and ≤1.6
	≤ 6.5
	

	
	>1.6 and ≤2.6
	≤ 5.8
	

	
	>2.6 and ≤3.24
	≤ 4.5
	

	
	>3.24 and ≤4.32
	≤ 5.5
	

	
	>4.32
	≤ 6.5
	


 [Editor Note] A-MPR table will be updated

[bookmark: _Toc42537399][bookmark: _Toc46356464]8.1.3.2	AMPR for NS_52
When NS_52 is indicated by the network or pre-configured radio parameters for NR V2X UE, the additional maximum output power reduction specified as
	A-MPR = CEIL {MA, 0.5}
Where MA is defined as follows
	MA = A-MPR
CEIL{MA, 0.5} means rounding upwards to closest 0.5dB.

For the contiguous PSSCH and PSCCH transmission when NS_52 is indicated by the network or pre-configured radio parameters for NR V2X UE, the NR UE allow the follow A-MPR requirements.

Table 8.1.3.2-1: A-MPR for PSSCH/PSCCH by NS_52
	Carrier frequency(MHz)
	Modulation
	A-MPR(dB)

	
	
	Region 1
	Region 2
	Region 3

	5885
	QPSK
	≤ 13.5
	≤ 8.0
	≤ 5.5

	
	16QAM
	
	≤ 8.0
	≤ 5.5

	
	64QAM
	
	≤ 8.5
	≤ 5.5

	
	256QAM
	
	≤ 8.5
	≤ 6.0


 [Editor Note] A-MPR table will be updated
Where the following parameters are defined to specify valid RB allocation ranges for Region1, Region2 and Region3 according to RB allocations:
Table 8.1.3.2-1a: A-MPR Region definitions for PSSCH/PSCCH by NS_52
	Channel Bandwidth, MHz
	Carrier frequency(MHz)
	A-MPR parameters for region definitions
	A-MPR

	
	
	RBstart or RBend
	LCRB
	

	40
	5885
	RBstart ≤ floor(NRB*0.2) or RBend ≥ NRB - floor(NRB*0.2)
	LCRB ≤floor(NRB*0.2)
	Region 1

	
	
	The RB allocation is in Region 2 allocation for all other allocations which are not a Region1 or Region3 allocation.
	Region 2

	
	
	floor(NRB /3.5) ≤ RBstart ≤ NRB –floor(NRB /3.5) – LCRB 
	LCRB ≤ceil(NRB/3.5)
	Region 3



NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1 [3].



Where the following parameters are defined to specify valid RB allocation ranges for Outer and Inner RB allocations:
NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1 [3].
RBStart,Low = max(1, floor(NRB /3.5))
where max() indicates the largest value of all arguments and floor(x) is the greatest integer less than or equal to x. 
RBStart,High = NRB – RBStart,Low – LCRB
The RB allocation is an Inner RB allocation if the following conditions are met 
RBStart,Low ≤ RBStart ≤ RBStart,High , and
LCRB ≤ ceil(NRB/3.5)
where ceil(x) is the smallest integer greater than or equal to x. 
An Edge RB allocation is the one for which the RB(s) is (are) allocated at the lowermost or uppermost edge of the channel with LCRB ≤ floor(NRB*0.2) RBs.
The RB allocation is an Outer RB allocation for all other allocations which are not an Inner RB allocation or Edge RB allocation.
For the simultaneous PSFCH transmission when NS_52 is indicated by the network or pre-configured radio parameters for NR V2X UE, the NR UE allow the follow A-MPR requirements.

Table 8.1.3.2-2: A-MPR for simultaneous PSFCH by NS_52
	Channel Bandwidth [MHz]
	Carrier frequency [MHz]
	A-MPR (dB)

	40 MHz
	5885
	≤ 23.5


 [Editor Note] A-MPR table will be updated
For the S-SSB transmission when NS_52 is indicated by the network or pre-configured radio parameters for NR V2X UE, the NR UE allow the follow A-MPR requirements
Table 8.1.3.2-3: A-MPR for S-SSB transmission by NS_52
	Carrier Frequency (MHz)
	RBStart * 12*SCS 
[MHz]
	A-MPR (dB)

	5885
	≤ 7
	≤ 16.0

	
	> 7 and ≤ 12
	≤ 10.5

	
	> 12 and ≤ 19
	≤ 4.0

	
	> 19 and ≤ 25
	≤ 10.5

	
	> 25
	≤ 16.0



[bookmark: _Toc42537400][bookmark: _Toc46356465]8.1.3.3	AMPR for NS_xx
When NS_xx is indicated by the network or pre-configured radio parameters for NR V2X UE, the additional maximum output power reduction specified as
	A-MPR = CEIL {MA, 0.5}
Where MA is defined as follows
	MA = A-MPR 
CEIL{MA, 0.5} means rounding upwards to closest 0.5dB.

For the contiguous PSSCH and PSCCH transmission when NS_xx is indicated by the network or pre-configured radio parameters for NR V2X UE, the NR UE allow the follow A-MPR requirements.

Table 8.1.3.3-1: A-MPR for PSSCH/PSCCH by NS_xx
	Carrier frequency(MHz)
	RB allocations
	A-MPR  (dB)

	
	
	QPSK 
	16QAM
	64QAM
	256QAM

	5860, 5870, 5880, 5890, 5900, 5910, 5920 
	Inner
	≤ 3.0
	≤ 5.0
	≤ 6.0

	
	Outer
	≤ 4.5
	
	

	NOTE 1: Inner and Outer RB allocations are defined in section 8.1.2.1



For the simultaneous PSFCH transmission when NS_xx is indicated by the network or pre-configured radio parameters for NR V2X UE, the NR UE allow the follow A-MPR requirements
Table 8.1.3.3-2: A-MPR for simultaneous PSFCH by NS_xx
	Channel Bandwidth
[MHz]
	Center Frequency
[MHz]
	RB allocation
	A-MPRBase  (dB)
	A-MPRstep (dB)

	
	
	
	0 ≤ NGap / NRB < 0.15
	0.15≤ NGap / NRB < 0.3
	0.3≤ NGap / NRB ≤ 1
	

	10
	5860, 5870, 5880, 5890, 5900, 5910, 5920
	NRB =1
	5
	0.8

	
	
	NRB > 1
	14
	7
	18.5
	

	Note 1: NGap is the gap RB amount between RBstart and RBend for contiguous and non-contiguous allocation simultaneous PSFCH transmission. (NGap = RBend - RBstart)


 [Editor Note] A-MPR table will be updated
For the S-SSB transmission when NS_xx is indicated by the network or pre-configured radio parameters for NR V2X UE, the NR UE allow the follow A-MPR requirements
Table 8.1.3.3-3: A-MPR for S-SSB transmission by NS_xx
	Carrier Frequency (MHz)
	RBStart * 12*SCS 
[MHz]
	A-MPRBase (dB)
	AMPRStep (dB)

	5860, 5870, 5880, 5890, 5900, 5910, 5920
	≤1.0
	≤ 7.0
	0.85

	
	>1.0 and ≤1.6
	≤ 6.5
	

	
	>1.6 and ≤2.6
	≤ 5.8
	

	
	>2.6 and ≤3.24
	≤ 4.5
	

	
	>3.24 and ≤4.32
	≤ 5.5
	

	
	>4.32
	≤ 6.5
	


 [Editor Note] A-MPR table will be updated

<Uncahnged sections are omitted>

[bookmark: _Toc461002576][bookmark: _Toc36034824][bookmark: _Toc42537424][bookmark: _Toc46356489]9	Receiver characteristics 
[bookmark: _Toc36034825][bookmark: _Toc42537425][bookmark: _Toc46356490]9.1	NR V2X UE Rx requirements in FR1
When a NR V2X UE is TDM operating between NR SL and LTE SL at n47, the NR V2X UE need to satisfy the individual V2X Rx requirements of each RAT. For V2X applications the receiver characteristics are specified at UE antenna connector without any external components that may be used to relocate the antenna away from the UE as shown in Figure 8.1-1.

[bookmark: _Toc463997783][bookmark: _Toc36034826][bookmark: _Toc42537426][bookmark: _Toc46356491]9.1.1	Reference sensitivity power level
The reference sensitivity power level REFSENS is the minimum mean power applied to the UE antenna connector at which the throughput shall meet or exceed 95% of the maximum throughput of the reference measurement channels.
The V2X UE REFSENS is defined by the following equation: 
REFSENSV2X=kTB + SNRV2X +10log10(LCRB*SCS*12/RX_BW) +( NFV2X+ IM) – Diversity gain
Where
-	kTB: Thermal noise level is [-174dBm(kT) + 10*log10(RX BW)]dBm.
-	NF: Noise figure. 13 dB is used for LAA and can be reused for NR V2X requirements. Assumed NF is 9dB < 3GHz, NF is 10dB>= 3GHz (e.g B42, n77, n78, n79…) at licensed bands at FR1FFS on whether 9dB NF will be considered for the licensed bands..
-	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: [-0.51] dB
-	Diversity gain: 3dB

The REFSENS requirements for NR V2X Bands (PC5) are in Table 9.1.1-1.

Table 9.1.1-1: Reference sensitivity for V2X Band (PC5)
	NR Operating band / SCS / Channel bandwidth / Duplex-mode

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

	n38
	15
	[-96.58]
	[-93.28]
	-91.4
	[-90.16]
	TDD

	
	30
	[-967.1]
	[-934.40]
	-91.7
	[-90.27]
	

	
	60
	[-967.95]
	[-934.12]
	-91.9
	[-90.49]
	

	n47
	15
	[-92.58]
	[-89.27]
	[-87.49]
	[-86.16]
	HD

	
	30
	[-923.1]
	[-89.49]
	[-878.70]
	[-86.27]
	

	
	60
	[-923.95]
	[-890.1]
	[-878.91]
	[-86.49]
	



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

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

	n38
	15
	502
	1056
	160
	216
	TDD

	
	30
	24
	501
	75
	1056
	

	
	60
	101
	24
	36
	501
	

	n47
	15
	502
	1056
	160 
	216
	HD

	
	30
	24
	501
	758
	1056
	

	
	60
	101
	24
	368
	501
	



[bookmark: _Toc463997784][bookmark: _Toc36034827][bookmark: _Toc42537427][bookmark: _Toc46356492]9.1.2	Maximum input level
Maximum input level is defined as the maximum mean power received at the UE antenna port, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel.
For V2X, the requirement are defined for 10MHz, 20MHz, 30MHz and 40MHz. The parameters of reference measurement channel shall be changed according to the physical layer design specific to NR V2X UE in Table 8.1-1. 
Table 9.1.2-1: Maximum input level for V2X
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	10 MHz
	20 MHz
	30 MHz
	40 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-251
	-251
	[-231]
	[-221]

	
	
	-272
	-272
	[-252]
	[-242]

	NOTE 1:	Reference measurement channel is A.78 for 64 QAM in TS38.101-1.
NOTE 2:	Reference measurement channel is A.78 for 256 QAM in TS38.101-1.



[bookmark: _Toc463997785][bookmark: _Toc36034828][bookmark: _Toc42537428][bookmark: _Toc46356493][9.1.3	Adjacent Channel Selectivity (ACS)]
Adjacent Channel Selectivity (ACS) is a measure of a receiver's ability to receive an NR signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. 
ACS reflects the digital domain filter attenuation capability, which is model together with ACLR in ACIR. Based on PRR metric. In co-existence study, the existing NR ACS requirement  reuse for both NR UE to V2X UE and DSRC UE to V2X UE urban interference scenarios, PRR loss is less than 5%. Therefore, it is proposed that the same ACS values shall be kept unchanged for V2X UE at n47.
In licensed band, RAN4 shall reuse the same ACS values since there was legacy NR or LTE system.
As 10MHz is typical channel bandwidth used in the V2X band, the interferer bandwidth shall be used with 10MHz for NR V2X operating bands in Table 8.1-1. 
Table 9.1.3-1: Adjacent channel selectivity for V2X
	
	
	Channel bandwidth

	Rx Parameter
	Units
	1.4
MHz 
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	30 MHz
	40 MHz

	ACS
	dB
	
	
	
	33.0
	
	27.0
	25.5
	24.0



Table 9.1.3-2: Test parameters for Adjacent channel selectivity for V2X, Case 1
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	30 MHz
	40 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	PREFSENS_V2X + 14 dB

	PInterferer
	dBm
	
	
	
	REFSENS +45.5dB
	
	REFSENS +39.5dB
	REFSENS +38.0 dB
	REFSENS +36.5dB

	BWInterferer 
	MHz
	
	
	
	10
	
	10
	10
	10

	FInterferer (offset)
	MHz
	
	
	
	10
/
-10
	
	15
/
-15
	20
/
-20
	25
/
-25

	NOTE 1:	The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is used.

NOTE 2:	The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with 15 kHz SCS.



Table 9.1.3-3: Test parameters for Adjacent channel selectivity for V2X, Case 2
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	30 MHz
	40 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	
	
	
	-56.5
	
	-50.5
	-49.0
	-47.5

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	
	
	
	10
	
	10
	10
	10

	FInterferer (offset)
	MHz
	
	
	
	10
/
-10
	
	15
/
-15
	20
/
-20
	25
/
-25

	NOTE 1:	The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is used.

NOTE 2:	The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with 15 kHz SCS.



<Uncahnged sections are omitted>

1 [bookmark: _Toc36034858][bookmark: _Toc42537458][bookmark: _Toc46356523]
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10.1 
10.1.1 
10.1.2 Rx requirements for inter-band con-current NR V2X operation

10.1.2.1 [bookmark: _Toc36034859][bookmark: _Toc42537459][bookmark: _Toc46356524]REFSENS
For the NR V2X UE RF receiver requirements, RAN4 can refer the 2DL inter-band CA to define general UE RF Rx requirements for inter-band con-current NR V2X UE.

The legacy REFSENS requirement will be applied on CC of NR licensed band and NR V2X REFSENS requirements will be applied on CC of NR Band n47 if there was no self-interference problems in own receiver frequency band by own uplink and sidelink transmission.
Table 10.1.2.1-1 and Table 10.1.2.1-2 propose the uplink test configurations for inter-band con-current NR V2X REFSENS requirements. For the uplink configuration, RAN4 consider 10MHz Channel bandwidth.
Table 10.1.2.1-1: Uplink configuration for reference sensitivity of V2X UE (PC5)
	Inter-band NR V2X con-current band configuration
	NR UL band / SCS/ Channel BW / NRB / Duplex mode

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

	n47
	n71
	n71
	15
	10
	[52]
	 FDD

	
	
	
	30
	10
	[24]
	

	
	
	
	60
	10
	[11]
	



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

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

	n47
	n71
	n47
	15
	10
	[502]
	HD

	
	
	
	30
	10
	[24]
	

	
	
	
	60
	10
	[101]
	



Table 10.1.2.1-3 is proposed UE REFSENS requirements with inter-band con-current NR V2X UE reception.
Table 10.1.2.1-3: Reference sensitivity for V2X QPSK PREFSENS 
	Inter-band V2X reception
	
	Channel bandwidth

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

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

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

	
	
	
	60
	
	
	
	
	
	
	
	

	
	
	n47
	15
	
	[-92.58]
	
	[-89.27]
	
	[-87.49]
	[-86.16]
	HD

	
	
	
	30
	
	[-923.1]
	
	[-89.49]
	
	[-878.70]
	[-86.27]
	

	
	
	
	60
	
	[-923.95]
	
	[-890.1]
	
	[-878.91]
	[-86.49]
	



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

	V2X_n71-n47
	n71
	0.0



<Uncahnged sections are omitted>
10.2.1 [bookmark: _Toc36034884][bookmark: _Toc42537484][bookmark: _Toc46356549]Rx requirements for inter-band con-current NR V2X operation
10.2.2.1 [bookmark: _Toc36034885][bookmark: _Toc42537485][bookmark: _Toc46356550]REFSENS
For the V2X UE RF receiver requirements, RAN4 can refer the 2DL inter-band CA to define general UE RF Rx requirements for inter-band con-current V2X UE.

The legacy REFSENS requirement will be applied on each CC of NR licensed bands if there was no self-interference problems in own receiver frequency band by own uplink and sidelink transmission.
Table 10.2.2.1-1 and Table 10.2.2.1-2 propose the uplink test configurations for inter-band con-current V2X REFSENS requirements. For the uplink configuration, RAN4 consider 10MHz Channel bandwidth.
Table 10.2.2.1-1: Uplink configuration for reference sensitivity of V2X UE (PC5)
	Inter-band V2X con-current band configuration
	LTE or NR UL band / Channel BW / NRB / Duplex mode

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

	n38
	B20
	B20
	10
	50
	FDD



Table 10.2.2.1-2: SL Tx configuration for reference sensitivity of V2X UE (Uu)
	Inter-band V2X con-current band configuration
	LTE or NR UL band / Channel BW / NRB / Duplex mode

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

	n38
	B20
	n38
	10
	[502]
	HD



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

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

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

	
	
	n38
	15
	
	[-96.58]
	
	[-93.28]
	-91.4
	[-90.16]
	HD

	
	
	
	30
	
	[-967.1]
	
	[-934.40]
	-91.7
	[-90.27]
	

	
	
	
	60
	
	[-967.95]
	
	[-934.12]
	-91.9
	[-90.49]
	



Table 10.1.2.2-4 is proposed additional Rx insertion loss according to harmonic trap filter to reduce the harmonic problem based on specific self desense analysis according to specific NR V2X inter-band con-current operation.
Table 10.2.2.1-4: ΔRIB,V2Xc (two bands)
	V2X inter-band con-current band Combination
	V2X operating Band
	[bookmark: _GoBack]ΔRIB,V2Xc [dB]
	Note

	V2X_20_n38
	20
	FFS
	3rd harmonic from B20 impact into n38

	Note 1: The ΔRIB,V2X is applied on top of ΔRIB,c of DC_20_n38 when use harmonic trap filter to reduce 3rd harmonic impact from Band 20.




<End of Changes>
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