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1 Introduction
In last RAN4 #91 meeting, initial contribution about NR V2X RF requirements were submitted but this topic was not deeply discussed [1][2][3]. In this contribution, we also provide our views on consideration of NR V2X UE RF requirements for FR1.

2 Discussion 
At least in FR1, we believe that RAN4 common understanding expects that most of RF component performance is similar between NR and LTE except a few aspects including the capability to support large channel bandwidth as we already did in NR Uu UE RF requirements. Thus, as a successor of LTE V2X, reusing existing LTE V2X UE RF requirement will be good starting point for NR V2X UE RF requirements. On top of that, following section will be need to be further considered. Other requirements not mentioned in following tables may not be needed and existing general requirements can be applied.
Proposal 1. For Rel-16 NR V2X RF requirements, use Rel-15 LTE V2X RF requirements as baseline 
2.1 Spec structure

For spec structure of TS38.101-1, RAN4 RF part is defined using suffix for specific requirements for UE supporting additional feature and this kind of principle should be also maintained for NR V2X. In current TS38.101-1, up to suffix D is already specified and next suffix ‘E’ can be used to specify RF requirements for NR V2X UE[4].

Proposal 2. Use suffix ‘E’ to specify NR V2X specific UE RF requirements
2.2 Operating band and channel arrangement
For operating bands in FR1, NR V2X WI include ITS operation and concurrent operation. Thus, both band definition can be included. For ITS bands definition, n47 was already agreed to be re-farmed also for NR V2X[4]. For concurrent operation with NR Uu link in licensed band, if feasibility is identified during RAN4 co-existence study, it can be included based on interesting operator’s request.

Proposal 3. For licensed bands, band definition can be based on operator’s request, if feasibility is identified.
Based on these, we summarized RAN4 requirements regarding operating band and channel arrangements as following Table 1.
Table 1. Operating band and channel arrangement consideration of NR V2X

	Sub-
clause
	Title
	Considerations

	5.2
	Operating bands
	· Operating band for standalone V2X operation will be added based on operator’s request

	5.2E
	Operating bands for V2X
	· For licensed band, concurrent operation with Uu for V2X will be added based on operator’s request if feasibility is identified.
· If multiple CC is introduced on future release, operating band combination will be added based on operator’s request.

	5.3E
	Channel bandwidth for V2X
	· Channel bandwidth for V2X will be decided based on industry demand and related regulation body’s decision.

	5.4E
	Channel arrangement for V2X
	· For ITS band operation, RAN4 need to discuss whether further optimization on channel/synchronization raster will be need. 
· For licensed band operation,  same definition of Uu will be reused.

	5.5E
	Considerations for V2X
	· Additional requirements not specified in above will be added


2.3 Transmitter characteristics
For Transmitter characteristics, there exist potential possibility having some advanced feature as followed and RAN4 need to additional study if RAN1 decide to introduce.

· NR V2X power control

· NR V2X Tx MIMO

The one of most important Tx requirement will be UE maximum output power (UE power class) and we believe PC3 still will be baseline. For the rest of individual Tx requirements, generic principle will be same between LTE V2X and NR V2X.

Table 2. Transmitter characteristics of NR V2X

	Sub-
clause
	Title
	Considerations

	6.2E
	Transmitter power for V2X
	· For UE maximum output power, PC3 can be used as baseline.

· For MPR, RAN4 need to study after operating band/CBW is defined. Also, if Tx MIMO is used, additional study will be needed.
· For configured transmitted power, general principle used for LTE V2X is proposed.

	6.3E
	Output power dynamics for V2X
	· For UE minimum output power, -40dBm can be considered if V2X power control scheme is introduced.

· For Transmit OFF power, existing requirements of -50dBm will be reused.
· For ON/OFF time mask, existing ON/OFF time mask will be reused for standalone operation. For concurrent operation within same licensed bands, RAN4 need to study switching time considering TDM operation within RATs.

· For Power control, RAN4 need further study if V2X power control scheme is introduced.

	6.4E
	Transmit signal quality for V2X
	· For Frequency error and EVM, existing requirements of LTE V2X will be reused.

· For IBE, RAN4 need to further study whether requirements will be tighten or not considering near-far problem.
· For Time alignment error, RAN4 need further study when the case of licensed band concurrent operation or Tx MIMO is used.

	6.5E
	Output RF spectrum emissions for V2X
	· For OBW, same principle will be applied for V2X specific CBW.
· For SEM, existing SEM mask will be reused.

· For ACLR, it will be defined based on the output of NR V2X coexistence study

· For Spurious emission, if frequency specific value is not specified, typical value of -30dBm will be reused

· For Transmit intermodulation, existing NR Uu requirement will be reused


Proposal 4. For Tx requirements of Rel-16 NR V2X RF requirements, Table 2 is proposed to be considered. 
2.4 Receiver characteristics
For Receiver characteristics, most of all UE RF requirements are defined with band agnostic manner except REFSENS which is defined as band specific value considering NF and IL of RF component. For REFSENS requirements, it seems to be infeasible to define all band specific REFSENS value based on actual RF component performance. Instead of that, we can reuse similar methodology RAN4 did during LTE D2D/V2X time for both licensed band operation and ITS band operation.

For licensed band operations, following formula from D2D study can be reused to define REFSEN of NR V2X, because NR Uu already defined all of its REFSENS reflecting band specific RF component performance.
REFSENSV2X,Band = REFSENSUu,Band +​ ΔSNRUu-V2X + ΔILUL-DL +10log10(LCRB/NRB) 

(E.q 1)
Where,

· ΔSNRUu-V2X= SNRUu – SNRV2X
· SNRUu : -4 dB for 2Rx(-1dB Target SNR at 1 Rx and 3 dB of diversity gain [5])
· ΔILUL-DL : Only applicable in FDD bands and should be based on filter vender’s data
(can be reused existing study of D2D[6])
For ITS band operations, following formula can be used based on [7] to define REFSENS of V2X, because there is no NR Uu REFSENS defined for ITS band.
REFSENSV2X,ITS = kTB +​ SNRV2X + 10log10(LCRB/NRB)+(NFV2X+IM) 


(E.q 2)
Where,

· kTB: Thermal noise level in units of dBm. -104 dBm and -101 dBm can be used for 10MHz and 20MHz V2V requirements, separately.
· NF: Noise figure. [13] dB from LTE V2X can be reused for NR V2X requirements.
· IM: Impairment margin. [2.5] dB from LTE V2X can be reused for NR V2X requirements.
Target SNR of SNRV2X will be defined during link level simulation campaign after RAN1 physical level design is finalized.  On top of REFSENS value, remaining Rx RF requirements will be defined based on REFSENS considering its interference level assumed similar RF component performance with NR.

Table 3. Receiver characteristics of NR V2X

	Sub-
clause
	Title
	Considerations

	7.3E
	Reference sensitivity power level for V2X
	· It will be defined for V2X specific band by using Eq.1. and E.q2 after RAN1 physical layer design is completed.

	7.4E
	Maximum input level for V2X
	· Existing LTE V2X requirement of [-22 dB] may be reused. 

	7.5E
	Adjacent channel selectivity for V2X
	· It will be defined based on the output of NR V2X coexistence study

	7.6E
	Blocking characteristics for V2X
	· For In-band/Out-of-band blocking, similar level of wanted signal(V2X) and interferer will be reused for given V2X CBW.
· For narrow band blocking, if V2X band is higher than 3GHz, it might not be needed. Otherwise, RAN4 need to further discuss whether it is needed or not.

	7.7E
	Spurious response for V2X
	· Similar level of wanted signal(V2X) and interferer will be reused for given V2X CBW.

	7.8E
	Intermodulation characteristics for V2X
	· Similar level of wanted signal(V2X) and interferer will be reused for given V2X CBW.


Proposal 5. For Rx requirements of Rel-16 NR V2X RF requirements, Table 3 is proposed to be considered
3 Conclusion
In this paper, we provide our views and considerations for NR V2X UE RF requirements on above Table 1/2/3. 
Proposal 1. For Rel-16 NR V2X RF requirements, use Rel-15 LTE V2X RF requirements as baseline 
Proposal 2. Use suffix ‘E’ to specify NR V2X specific UE RF requirements
Proposal 3. For licensed bands, band definition can be based on operator’s request, if feasibility is identified.
Proposal 4. For Tx requirements of Rel-16 NR V2X RF requirements, Table 2 is proposed to be considered. 
Proposal 5. For Rx requirements of Rel-16 NR V2X RF requirements, Table 3 is proposed to be considered
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