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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 transmit core RF requirements impacts due to licensed band V2X in Release 14.

2.
Background

From [2], RAN4 has a mandate to investigate and complete the following objectives:

1) To specify other enhancements to PC5/Uu for V2X on the following aspects:
a) Support of UE maximum transmission power up to 33 dBm (considering the regulatory limit on the maximum e.i.r.p.) for PC5 in 5855 MHz ~ 5925 MHz [RAN4]
b) Simultaneous PC5 operations over multiple carriers that may or may not be adjacent [RAN4, RAN2].
c) Simultaneous Uu and PC5 operations in different carriers and configuring PC5 resources across carriers [RAN4, RAN1, RAN2]
2) To specify UE RF requirements including those for SL operation for licensed spectrum and for regional regulations [RAN4]
Issues identified in the Way Forward for V2V [3] are summarized below for reference:
Issue 1: MPR for PSCCH + PSSCH on adjacent/non-adjacent PRBs need further study
i) Considerations: Separate DFT pre-coder, PRB size and location constraints, PSD imbalance
b) Issue 2: A-MPR for PSCCH + PSSCH on adjacent/non-adjacent PRBs need further study
i) Considerations (in addition to MPR consideration): A-SEM, A-SE requirements in EN 302 571
c) Issue 3: Additional spurious emissions (Tx and Rx) for Region 1 requires further study
i) Consideration: Requirements are specified as EIRP and different based on antenna installation. This needs further study to convert to conducted requirements
d) Issue 4: Region 1 additional receiver blocking requirement of -30dBm at offset of +-50MHz from the channel center frequency needs further study
e) Issue 5: Further study impacts on RF requirements due to simultaneous PSCCH and PSSCH transmissions
i) E.g. configured transmit power (Pcmax), EVM
At previous RAN4 meetings, initial discussion of some of the impacts of the support of V2X capabilities on the RF requirements of a V2X UE were discussed in [10], [12] and [14]. This contribution further elaborates on those discussions.
3. 
Impacted UE Transmit Requirements

This section identifies transmit RF requirements that may be impacted by the implementation of LTE licensed band V2X capabilities in LTE UE’s based on the existing transmit UE RF requirements defined in section 6 of TS36.101[4]. The potential impact to each of the UE transmit requirements will be dependent on which V2X scenarios are employed as agreed to in the WF documents [5] [6] [7] [8] as well as  [17] [18], [19] and [[20]. Table 1 below summarizes possible UE RF transmit requirement impacts due to V2X functionality in LTE licensed bands. 
Table 1: UE V2X RF Transmit Requirements 
	Requirement
	V2V Impact
	Reference in TS36.101

	Transmit Power
	The current specified UE maximum output power is 23 dBm, however the maximum output power tolerance may be impacted by additional switches in the transceiver to accommodate multiple V2V and cellular transmit capabilities as well as multiple carrier transceiver architectures. Further analysis is required in RAN4 to assess multi-carrier architectures in band 47 [16].
	6.2

	MPR and A-MPR
	MFR and A-MPR could be impacted as noted in issues 1 and 2 of [3]. Further analysis may be required in this regard.
	6.2

	Power Dynamics
	No impact expected
	6.3

	ON/OFF Time mask
	No impact expected
	6.3.4

	Power Control
	The accuracy of any power control for V2V may impact in-band emissions and adjacent channel co-existence performance.
	6.3.5

	Transmit signal quality including EVM
	Requirement may need to be revised due to V2V in-band emissions. Changes not proposed for Release 14.
	6.5

	Spectral emission mask and Additional spectrum emission mask
	No impact expected
	6.6.2.1 and 6.6.2.2

	ACLR
	Initial simulation results show significant possible impact to legacy LTE performance. The V2V UE ACLR may need to be tightened to address possible adjacent channel interference [11], [14]. Furthermore, the existing 3GPP ACLR value of 30 dB is not consistent with the ETSI ACLR value of 38 dB, which needs to be reconciled.
	6.6.2.3

	Transmit intermodulation
	May need to be revised to address the impact of lack of UL power control for OOC multiple carrier cases. Transmit intermodulation impacts will need to be assessed for the multi-carrier scenarios agreed to in [18] and discussed in [16].
	6.7

	Timing alignment error
	No impact expected
	6.8


Based on the summary in Table 1 above, a number of UE transmit requirements may be impacted with respect to agreed scenarios for V2X licensed band services. The likely impacted UE transmit requirements are the maximum output power tolerance due to losses in multi-carrier transceiver architectures, MPR/A-MPR due to PSCCH + PSSCH impacts on adjacent/non-adjacent RBs, as well ACLR due to possible adjacent channel co-existence impacts Transmit signal quality including EVM and transmit intermodulation may also be impacted by the V2X transmissions in multi-carrier scenarios.
Observation #1

· The maximum V2X UE transmit output power may be impacted by multiple carrier transceiver architectures.
Observation #2

· MPR and A-MPR could be impacted due to PSCCH + PSSCH impacts on adjacent/non-adjacent RBs.
Observation #3

· Co-existence simulation results show significant impact to legacy LTE performance from adjacent channel interference. The V2X UE ACLR may need to be tightened to address possible adjacent channel interference.
Proposal #1
· The impact of multiple band V2X transceiver architectures is to be investigated on a case-by-case basis for candidate band combinations.
Proposal #2
· In order to mitigate V2X adjacent channel transmission impacts to legacy licensed band, changes to Release 14 V2X UE ACLR requirements be considered to address adjacent channel co-existence interference to legacy LTE networks.
Proposal #3
· The 3GPP V2X UE ACLR be specified to be consistent with the ETSI ACLR value of 38 dB for unlicensed 5.9 GHz bands.
3
Conclusions
The following conclusions should be taken into consideration when studying the impact of V2V functionality on UE RF transmit requirements:
Observation #1

· The maximum V2X UE transmit output power may be impacted by multiple carrier transceiver architectures.

Observation #2

· MPR and A-MPR could be impacted due to PSCCH + PSSCH impacts on adjacent/non-adjacent RBs.
Observation #3

· Co-existence simulation results show significant impact to legacy LTE performance from adjacent channel interference. The V2X UE ACLR may need to be tightened to address possible adjacent channel interference.
Proposal #1
· The impact of multiple band V2X transceiver architectures is to be investigated on a case-by-case basis for candidate band combinations.
Proposal #2
· In order to mitigate V2X adjacent channel transmission impacts to legacy licensed band, changes to Release 14 V2X UE ACLR requirements be considered to address adjacent channel co-existence interference to legacy LTE networks.

Proposal #3
· The 3GPP V2X UE ACLR be specified to be consistent with the ETSI ACLR value of 38 dB for unlicensed 5.9 GHz bands.
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