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Introduction
NR V2X requires the specification of certain RF parameters that have yet to be defined. This paper discusses some of these parameters and makes recommendations for their inclusion into the 38.101 specification.
Transmitter specifications
A-SEM Tables
The NR V2X frequencies in band 47 have additional FCC emissions requirements captured in [1] that must be met. These requirements have been transcribed below:  

	ΔfOOB (MHz) 
	Frequency (MHz)
	Emission Limit (dBm) 
	Measurement Bandwidth 

	-100
	5765
	-30
	1MHz

	-40
	5825
	-50
	100kHz

	-20
	5845
	-43
	100kHz

	-10
	5855
	-38
	100kHz

	-2
	5863
	-36
	100kHz

	0
	5865
	-32
	100kHz

	 
	 
	 
	 

	0
	5905
	-32
	100kHz

	2
	5907
	-36
	100kHz

	10
	5915
	-38
	100kHz

	20
	5925
	-43
	100kHz

	40
	5945
	-50
	100kHz

	100
	6105
	-30
	1MHz



Table 1 – FCC emissions requirements from 5685 to 5905
It is proposed that the emissions requirements given in Table 1 be made a part of the emissions specification in 38.101. 
Also, in E-UTRA V2X a UE within 5855MHz to 5905MHz must conform to an additional spectrum mask as per ETSI EN 302 571 when NS-33 or NS_34 are signaled. These requirements are presented in the following table

	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



Table 2 – Additional E-UTRA V2X emissions
It is proposed that the emissions requirements given in Table 2 be made a part of the emissions specification in 38.101. 
Proposal 1: Emissions requirements given in Table 1 should be made a part of the 38.101 specification
Proposal 2: Emissions requirements given in Table 2 should be made a part of the 38.101 specification
Front-end loss
In most handheld UE applications the cable loss is about 2dB. However, in V2X, due to large form factor and large distance from the modem chipset placement to physical antenna, this loss could be around 6dB to 10dB. Furthermore, car antennas have better directivity compared with phone antennas so some of the extra cabling loss can be compensated for by this higher directivity. The post connector gain, Gpost connector, is defined as the sum of the cable loss and the antenna directivity.  Depending on the cable losses and the directivity of the external antenna Gpost connector can vary from -6dB to 7dB. 
As most of the regulatory emission requirements are in e.i.r.p., the implication of the wide range of Gpost connector is 2 fold
1. When Gpost connector is positive, the conducted emission level has to be tightened so that UE can meet the e.i.r.p. emission requirement. As a result, a larger A-MPR is generally needed for larger Gpost connector
2. When Gpost connector is negative, the conducted emission can be relaxed, hence A-MPR may be lower or not even needed. However, as the maximum conducted power is still limited by Ppower_class – MPR, the actual e.i.r.p. maximum output power may be much smaller than the allowed limit. For example, assuming -6dB Gpost connector, power class 2 UE can output no more 17dBm e.i.r.p. This is an artificial limitation that may handicap 3GPP V2X solutions against competing V2X technologies.
For 1, a solution has been adopted for LTE V2X, following appendix I, TS 36.101. The same approach can be applied to NR V2X. For 2, we propose that RAN4 will discuss the solution to allow UEs to reach the maximum e.i.r.p transmission output power allowed by regulatory standard. One way to do so is to modify the configured transmit power requirement to
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c  ,  (PPowerClass – ΔPPowerClass)  – MAX(MAX(MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) } – min(0, Gpost connector)
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }– min(0, Gpost connector).

 
Proposal 3: NR A-SEM should use the same principle as in appendix I, TS 36.101 to convert e.i.r.p. limit to conducted limit based on Gpost connector . A-MPR calculated using the same method and table formats as given in 36.101
[bookmark: _GoBack]Proposal 4: RAN4 to further study solution to boost conducted output power in the case of negative Gpost connector.
Receiver specifications
In-band blocking
It is proposed that NR V2X adopt the in-band blocking specifications given in 36.101, section 7.6.1.1G with the specifications extended for a BW of 40MHz as indicated in table 3 and table 4:


	Rx parameter
	Units 
		Channel bandwidth

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

	Power in Transmission Bandwidth Configuration
	dBm
	PREFSENS_V2X + channel bandwidth specific value below

	
	
	
	
	
	6
	
	9
	
12

	BWInterferer 
	MHz
	
	
	
	10
	
	10
	10

	FIoffset, case 1 
		MHz
	
	
	
	15+0.0025
	
	15+0.005
	15+0.005

	FIoffset, case 2 
	MHz
	
	
	
	25+0.0075
	
	25+0.0025
	25+0.0025

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



Table 3 - In band blocking parameters


	E-UTRA V2X
band
	Parameter
	Unit
	Case 1
	Case 2

	
	PInterferer
	dBm
	-44
	-44

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
&
=+BW/2 + FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
&
≥+BW/2 + FIoffset,case 2

	47
	FInterferer
	MHz
	(NOTE 2)
	FDL_low –30
to
FDL_high + 30

	NOTE 1:	For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band
NOTE 2:	For each carrier frequency the requirement is valid for two frequencies:
a. the carrier frequency -BW/2 - FIoffset, case 1 and
b. the carrier frequency +BW/2 + FIoffset, case 1
NOTE 3:	FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 

NOTE 4: 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 4- In-band blocking
Proposal 5 : The NR in-band blocking specifications should be based on the values given in table 3 and table 4.
Receiver sensitivity
The V2X UE REFSENS is defined by the following equation: 
REFSENSV2X=kTB + SNRV2X +10log10(LCRB/NRB) +( NFV2X+ IM)
Where
-	kTB: Thermal noise level in units of dBm. -104 dBm, -101 dBm and -98dBm can be used for 10MHz, 20MHz and 40MHz V2X requirements, separately.
-	NF: Noise figure. 13 dB is used for LAA and can be reused for NR V2X requirements.
-	IM: 0.5 dB is assumed.
-	Other parameters are FFS

Proposal 6 : Receiver sensitivity is based on the above REFSENSV2X equation and parameter values given in section 3.2 
Conclusion
This paper discusses some of the V2X RF parameters that have not been specified yet and makes recommendations for their inclusion into the 38.101 specification.
The following proposals are made:
Proposal 1: Emissions requirements given in Table 1 should be made a part of the 38.101 specification
Proposal 2: Emissions requirements given in Table 2 should be made a part of the 38.101 specification
Proposal 3: NR A-SEM should use the same principle as in appendix I, TS 36.101 to convert e.i.r.p. limit to conducted limit based on Gpost connector . A-MPR calculated using the same method and table formats as given in 36.101
Proposal 4: RAN4 to further study solution to boost conducted output power in the case of negative Gpost connector.
Proposal 5: The NR in-band blocking specifications should be based on the values given in table 3 and table 4.
Proposal 6: Receiver sensitivity is based on the above REFSENSV2X equation and parameter values given in section 3.2 
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