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1 Introduction
WI on V2V services based on LTE sidelink was established in RAN [1]. Work plan for V2V Service was also agreed in last RAN4 meeting [2]. This contribution provides preliminary analysis on UE Tx/Rx requirements. 
2 Discussion
The objectives of V2Vwork item are to specify LTE sidelink enhancements for V2V services. However, it also stated in the WID that this work should consider extension to V2I/V2P. Therefore, when we consider the V2V UE requirements, the reference architecture to support both sidelink and WAN communication should be considered. 
D2D is designed to support two associated features D2D_discovery and D2D_communications in three possible coverage scenarios, however, for V2V, we just consider the enhancements based on D2D_communications, which means there is no RB allocation limitation as that for D2D_discovery. Consequently, the RF requirements specifically defined for D2D_discovery do not need to be considered for V2V. 
Though RF requirements for D2D_communications are the basis for V2V, the difference in application scenario, specific design for V2V physical channels and regulatory requirements affiliated to the spectrum for V2V application could cause revisions of the requirements, which are discussed in detail in section 2.1 and 2.2.
Some UE RF requirements are band dependent. It is noted that the UE reference architectures for FDD and TDD are different. Therefore, we should be aware of the difference between FDD and TDD bands when we define the RF requirements for V2V.

2.1 Transmitter requirements
Transmit power
Both power class 1 and power class 3 are supported by D2D, as D2D_communications should support PS use. However, PS is not the targeted service for V2V,whether higher power class should be defined for V2V depends on the possible scenarios. 
Unlicensed spectrum at 5.9GHz for ITS is the possible band for V2V as well, the regulatory requirement, e.g. EIRP limitation, should be considered when defining the maximum output power for V2V.
Regarding UE maximum output power for modulation / channel bandwidth, during the discussion of D2D, RAN1 requested RAN4 to decide the value of MPR for SSSS, and the requirement was defined based on analysis in [5]. V2V synchronization signal design is still under discussion in RAN1, thus, the corresponding requirement shall be revisited for V2V.
In the SID of V2X, SA information transmitted in same subframe as the associated data is one of the enhancements for support of PC5 transport for V2V services, which means multi-cluster transmission is the possible scenario for V2V, thus the corresponding MPR/A-MPR requirements shall be studied.
Output power dynamics
Both minimum output power and transmit OFF power are reused for D2D, the same principle can be used to V2V as well. 
The ON/OFF time mask defines the observation period between Transmit OFF and ON power and between Transmit ON and OFF power. Besides the general ON/OFF time mask, additionally, specific requirements for D2D physical layer channels are specified, i.e. PSSS/SSS Time mask, PSSS / SSSS / PSBCH time mask. The physical channels of V2V could be different from that of D2D, therefore, the additional time mask should be revisited based on progress in RAN1. 
Transmit signal quality
Frequency error requirement was discussed in V2X SI stage. And the reply LS on synchronization error assumption in LTE-based V2X was sent back to RAN1 [6]. 

It was clarified that when the eNB signal is used for synchronization, the UE modulated short term transmit frequency error shall be within ±0.1ppm compared to the carrier frequency received from the eNB, while the Doppler effect and eNB frequency error are not included in the ±0.1ppm frequency error.

When GNSS is used for synchronization, the short term frequency error at the vehicle with high mobility can be in a smaller range compared with eNB based synchronization under the assumption that the GNSS signal has good quality. There is no conclusion in RAN4 whether a new GNSS requirement shall be defined and hence what is the appropriate value for it, which shall be studied further and the progress in RAN1 can be taken into consideration as well.
Regarding EVM requirement, as it is related to the V2V physical channels, further study is needed.
For in-band emission requirement, though there was an LS from RAN1 to request RAN4 to provide guidance on the emission level for system level simulations, after some analysis [7], the consensus in RAN4 is some margin can be considered in the evaluation, but the requirement is kept unchanged for D2D. For V2V, the same requirement shall be applied. 
There are no changes for both Carrier leakage and EVM equalizer spectrum flatness requirements for D2D, the situation is the same for V2V.
Output RF spectrum emissions
For D2D transmissions on a ProSe band, the unwanted emission requirements of the corresponding E‑UTRA band shall apply. However, for V2V, it may be used in the unlicensed spectrum. Therefore, there are additional regulatory requirements for the spectrum where V2V applied, these restrictions shall be considered when defining the unwanted emission requirements.
Transmit intermodulation
From both network perspective (i.e. eNodeB protection) and UE implementation capability, there is no difference between D2D Tx and WAN Tx, therefore, there is no change to the existing Transmit Intermodulation requirements for D2D. The same consideration is also valid for V2V.
2.2 Receiver requirements
Reference sensitivity
Reference UE architecture can be found in [8]. It was agreed that no relaxation (delta_Rib) to the WAN REFSENS for an E-UTRA band is allowed due to support of D2D on that band. For D2D, the additional IL for FDD should be considered in the calculation of REFSENS:
RefSensD2D = RefSensWAN + ∆SNRD2D-WAN + ∆ILUL-DL + 10log10(LCRB/NRB)
For TDD bands, as the receiver is reused by sidelink and downlink, ∆ILUL-DL does not need to be considered. Reference sensitivity level is a per band requirement. For V2V, it also depends on the supported bands. 
Maximum input level
Maximum input level for D2D was discussed in [9]. From a UE implementation perspective, the maximum input level for D2D can be tightened by the amount of difference in PAR of OFDMA vs. SC-FDMA waveforms, leading to level of approximately -22dBm, which is finally defined for ProSe. For V2V, the same requirement for D2D can be reused.
It is noted that Reference Measurement Channels for V2V RF receiver characteristics shall be further studied based on RAN1 physical channel design.
Adjacent Channel Selectivity
Existing WAN requirement is reused for D2D Rx, which can also be used for V2V with respect to the V2V specific RMC. Certainly, the wanted signal is based on REFSENS for V2V, it is a band specific requirement. 
Blocking 

It is noted that the interferer level is specified by increasing the power in the transmission BW configuration by 10log10(NRB/LCRB), where LCRB = 2 RBs is the transmission BW of D2D Discovery RMC. As V2V is based on D2D_communications, existing requirements can be reused for V2V as well.
Spurious response
Similar consideration as blocking requirement.

Rx intermodulation
Similar consideration as blocking requirement.

Spurious emissions
Same consideration as Tx spurious emissions. 
Receiver image
The requirement is not applicable to V2V as well as to D2D.
2.3 Summary
Table 1 briefly summarizes the consideration of V2V UE RF requirements based on analysis in section 2.1 and 2.2.

Table 1 Overview of V2V UE RF requirements
	Clause
	Sub-clause
	Requirement

	Transmit power
	UE maximum output power
	Revisit the MPR requirement.

	
	Configured transmitted power
	Revisit based on the MPR requirement

	Output power dynamics
	Minimum output power
	No change is foreseen for V2V.

	
	Transmit OFF power
	No change is foreseen for V2V.

	
	ON/OFF time mask
	Revisit based on V2V physical channel design.

	
	Power control
	No power control for V2V. Existing absolute power tolerance shall be reused to V2V transmissions.

	Transmit signal quality
	Frequency error
	Whether new frequency error requirement based on GNSS synchronization shall be defined needs further study.

	
	EVM
	Further study based on physical channels design for V2V.

	
	Carrier leakage
	No change is foreseen for V2V.

	
	In-band emissions
	No change is foreseen for V2V based on D2D requirement.

	
	EVM equalizer spectrum flatness
	No change is foreseen for V2V.

	Output RF spectrum emissions
	Occupied bandwidth
	No change is foreseen for V2V.

	
	Out of band emission
	For unlicensed spectrum, corresponding regulatory requirements shall be further studied for V2V. 

	
	Spurious emissions
	No change is foreseen for V2V if the application is used for licensed bands. For unlicensed spectrum, corresponding regulatory requirements shall be further studied for V2V. 

	Transmit Intermodulation
	No change is foreseen for V2V.

	Reference sensitivity level
	Further study based on D2D_communication requirement and supported bands for V2V.

	Maximum input level
	No change is foreseen for V2V based on D2D requirement.
RMC for V2V needs further study.

	ACS
	No change is foreseen for V2V based on D2D requirement.

	Blocking
	In-band blocking
	No change is foreseen for V2V based on D2D_communication requirement.

	
	Out-of-band blocking
	No change is foreseen for V2V based on D2D_communication requirement for licensed bands. For unlicensed bands, the requirement needs revisit.

	
	Narrow band blocking
	No change is foreseen for V2V based on D2D_communication requirement.

	Spurious response
	No change is foreseen for V2V based on D2D_communication requirement.

	Receiver intermodulation
	No change is foreseen for V2V based on D2D_communication requirement.

	Spurious emissions
	No change is foreseen for V2V if the application is used for licensed bands. For unlicensed spectrum, corresponding regulatory requirements shall be further studied for V2V.

	Receiver image
	Not applicable.


Conclusion
Initial consideration and analysis on UE Tx/Rx requirements are provided in this contribution. Most requirements for LTE V2V can be based on those for D2D communications, while some requirements are still depends on progress in RAN1. 
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