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1.
Introduction

As per the revised LTE Work Item entitled “Revised WI proposal: LTE-based V2X Services” [2], LTE-based V2X (i.e. vehicle-to-vehicle, vehicle-infrastructure or vehicle-to-pedestrian) functionality is to be defined as part of Release 14. 
This contribution discusses RAN4 receive core RF requirements impacts due to licensed band V2X in Release 14.

2.
Background

At previous RAN4 meetings, initial discussion of some of the impacts of the support of V2X capabilities on the receive RF requirements of a V2X UE were discussed in [3] and [4]. Furthermore, additional agreements were discussed at the ad hoc conference call [8]. This contribution further elaborates on those discussions.

3
Impacted UE Receive Requirements

This section identifies receive RF requirements that may be impacted by the implementation of LTE licensed and unlicensed band V2X capabilities based on the existing receive UE RF requirements defined in section 7 of TS36.101[9]. The potential impact to each of the UE receive requirements will be dependent on which V2X scenarios are employed. Table 1 below summarizes possible UE RF receive requirements that may be impacted due to such V2X functionality. 

Table 1: UE RF Receive Requirements for V2X 
	Requirement
	V2V Impact
	Reference in TS36.101

	Reference Sensitivity
	REFSENS may need to be revised to address the possible impact of additional device insertion losses to support V2V reception in the FDD UL band. REFSENS may also be impacted by additional insertion losses to support multiple carrier receive architectures [6]. 
	7.3

	Maximum input power level
	The maximum input power level may be impacted depending on the agreed minimum physical vehicle to vehicle separation. A value of 22 dBm has been agreed to in [10]. As per the discussion in [8] no additional change in the requirement is proposed.
	7.4

	ACS
	Adjacent channel co-existence simulation results show impacts to V2X LTE performance. The V2V UE ACS may need to be tightened to address possible adjacent channel interference. Based on discussion in [8] an ACS value of 33 dB can be employed for power class 2 and power class 3 V2X UEs and on a per component carrier basis for inter-band CA. 
	7.5

	In-band blocking
	In-band blocking requirements may be impacted by V2V in-band emissions. Furthermore, the V2X RAN4 in-band blocking requirements need to be aligned with the ETSI in-band blocking requirements in the Region 1 unlicensed band.
	7.6.1

	Out-of-band blocking
	No additional change required. For inter-band CA, per component carrier requirements can apply.
	7.6.2

	Narrowband blocking
	No additional change required. For inter-band CA, per component carrier requirements can apply.
	7.6.3

	Spurious Response
	No additional change required. For inter-band CA, per component carrier requirements can apply.
	7.7

	Intermodulation
	Impact to reference sensitivity needs to be investigated for inter-band CA. 
	7.8

	Spurious emissions
	No additional change required. For inter-band CA, per component carrier requirements can apply.
	7.9


Based on the summary in Table 1 above, the LTE-based V2X UE receive requirements that need to be reviewed and confirmed are the reference sensitivity and ACS as well as the in-band blocking requirement for the Region 1 unlicensed band at 5.9 GHz. The reference sensitivity impact due to losses from inter-band CA needs to be addressed for impacts of additional insertion losses due to multi-carrier receive architectures as well as RIB impacts due to intermodulation. For ACS it is proposed that a value of 33 dB be adopted for power class 2 and power class 3 V2X UE devices and should also apply on per component carrier basis for inter-band CA. 
Observation #1
· The V2X UE REFSENS requirement may be impacted by additional insertion losses to support multiple carrier V2V receive architectures in licensed bands.
Observation #2
· Co-existence simulation results show impacts to V2X performance from adjacent channel interference. 
Observation #3
· The V2X RAN4 in-band blocking requirements need to be aligned with the ETSI in-band blocking requirements in the Region 1 unlicensed band.
Proposal #1
· The impact of multiple band V2X transceiver architectures on REFSENS and receive intermodulation is to be investigated on a case-by-case basis for inter-band carrier aggregation.
Proposal #2
· In order to mitigate adjacent channel transmission co-existence impacts to V2X performance, Release 14 V2X UE ACS requirements should be specified with an ACS value of [33 dB].
3
Conclusions
The following conclusions should be taken into consideration when studying the impact of V2V functionality on UE RF receive requirements:
Observation #1

· The V2X UE REFSENS requirement may be impacted by additional insertion losses to support multiple carrier V2V receive architectures in licensed bands.
Observation #2

· Co-existence simulation results show impacts to V2X performance from adjacent channel interference. 
Observation #3
· The V2X RAN4 in-band blocking requirements need to be aligned with the ETSI in-band blocking requirements in the Region 1 unlicensed band.
Proposal #1
· The impact of multiple band V2X transceiver architectures on REFSENS and receive intermodulation is to be investigated on a case-by-case basis for inter-band carrier aggregation.

Proposal #2
· In order to mitigate adjacent channel transmission co-existence impacts to V2X performance, Release 14 V2X UE ACS requirements should be specified with an ACS value of [33 dB].
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