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1.
Introduction

As per the revised LTE Work Item entitled “Revised WID: Support for V2V services based on LTE sidelink” [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 core RF requirements impacts due to licensed band V2V in Release 14.

2.
Background

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

1) To specify a solution/requirement (if needed) for coexistence of PC5-based V2V operation and legacy Uu operation with LTE in the same carrier frequency [RAN1] and in an adjacent carrier frequency [RAN4] 
2) To specify UE Tx and Rx RF requirements covering operations at up to 6 GHz carrier [RAN4]
3) To specify RRM core requirements [RAN4]
4) To specify a solution/requirement for coexistence of LTE-based ITS operation and IEEE 802.11p on adjacent carrier frequencies within the 5.9GHz ITS spectrum. [RAN4] 
5) To specify a solution/requirement for co-channel coexistence of LTE-based ITS operation and IEEE 802.11p within the 5.9GHz ITS spectrum. [RAN1, RAN4] 

The work item should cover V2V services both with and without LTE network coverage, and cover both the operating scenarios where the carrier(s) is/are dedicated to V2V services and the operating scenarios where the carrier(s) is/are licensed spectrum and also used for normal LTE operation. This work should consider extensions to V2I/V2P. This work should also consider progress in SA WGs.

The specified enhancements should reuse the existing features of LTE as much as possible. 

At RAN4#78bis initial discussion of some of the impacts of the support of V2V capabilities on the RF requirements of a V2V UE were discussed in [9]. 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 V2V capabilities in LTE UE’s based on the existing transmit UE RF requirements defined in section 6 of TS36.101[8]. The potential impact to each of the UE transmit requirements will be dependent on which V2V scenarios are employed to as agreed to in the WF documents [5] [6] [7] and [8]. Table 1 below summarizes possible UE RF transmit requirement impacts due to V2V functionality in LTE licensed bands. 
Table 1: UE RF Transmit Requirements potentially impacted by V2V

	Requirement
	V2V Impact
	Reference in TS36.101

	Transmit Power
	The 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 requested by RAN1 [9].
	6.2

	MPR and A-MPR
	MFR and A-MPR could be impacted by the choice of DMRS format to support synchronization of V2V UEs in high Doppler scenarios. Further analysis may be required in this regard
	6.2

	Power Dynamics
	May need to be revised to address intra-band and adjacent band co-existence impacts
	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. 
	6.3.5

	Transmit signal quality including EVM
	Requirement may need to be revised due to V2V in-band emissions
	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. 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 is not an issue for a single carrier scenarios.
	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 specific to  agreed scenarios for V2V licensed band services. The likely impacted UE transmit requirements are the maximum output power tolerance due to losses in multi-carrier transceiver architectures, MPR due to possible changes in the physical layer modulation format impacting PAPR as well as ACLR due to possible adjacent channel co-existence impacts. Power dynamics, power control accuracy, transmit signal quality including EVM and transmit intermodulation may also be impacted by the V2V transmissions.
Observation #1
· From a UE transmit perspective, the following requirements may be impacted by V2V functionality: maximum output power tolerance, MPR and ACLR as well as possibly power dynamics, power control accuracy, transmit signal quality including EVM and transmit intermodulation.
Proposal #1
· For Release 14 V2V RF requirements, RAN4 should further study the impacts on V2V UE transmit requirements including maximum output power tolerance, MPR and ACLR.
4
Impacted UE Receive Requirements

This section identifies receive RF requirements that may be impacted by the implementation of LTE licensed band V2V capabilities based on the existing receive UE RF requirements defined in section 7 of TS36.101[8]. The potential impact to each of the UE receive requirements will be dependent on which V2V scenarios are employed to as agreed to in [5] [6] [7] and [8]. Table 2 below summarizes possible UE RF receive requirements that may be impacted due to such V2V functionality. 

Table 2: UE RF Receive Requirements potentially impacted by V2V

	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. Further analysis is required in RAN4 to assess multi-carrier architectures requested by RAN1 [9].
	7.3

	Maximum input power level
	The maximum input power level may be impacted depending on the agreed minimum physical vehicle to vehicle separation that is agreed to. Further analysis is required in this regard.
	7.4

	ACS
	May need to be revised to address adjacent band co-existence requirements. 

Initial simulation results show possible impact to legacy LTE performance. The V2V UE ACS may need to be tightened to address possible adjacent channel interference. Furthermore the existing 3GPP ACS value of 33 dB is not consistent with the ETSI ACLR value, which needs to be reconciled.
	7.5

	In-band blocking
	In-band blocking requirements may be impacted by V2V to in-band emissions.
	7.6.1

	Out-of-band blocking
	OOB will be similar to legacy LTE  specifications  but may need to be revised to address adjacent band co-existence requirements
	7.6.2

	Narrowband blocking
	May need to be revised to address the presence of multiple V2V transmissions in-band which can act as narrowband blockers. 
	7.6.3

	Spurious Response
	May need to be revised to address in-band emissions and adjacent band co-existence requirements 
	7.7

	Intermodulation
	May need to be revised to address in-band emissions from multiple carrier adjacent band co-existence requirements. 
	7.8

	Spurious emissions
	May need to be revised to address in-band emissions from multiple carrier adjacent band co-existence requirements.
	7.9


Based on the summary in Table 2 above, a number of LTE-based V2V UE receive requirements may be impacted depending upon agreed scenarios for V2V. The likely impacted UE receive requirements are the reference sensitivity due to losses in multi-carrier transceiver architectures, maximum input power, as well as ACS due to possible adjacent channel co-existence impacts. Out-of-band blocking, narrow band blocking, intermodulation and spurious response requirements may also be impacted.

Observation #2
· From a UE receive perspective the following requirements may be impacted by V2V functionality: reference sensitivity, maximum input power, ACS, in-band blocking, out-of-band blocking, narrowband blocking, intermodulation and spurious response. 
Proposal #2
· For Release 14 V2V RF requirements, RAN4 should further study the impacts on V2V UE receive requirements for reference sensitivity maximum input power level and ACS.

3
Conclusions
The following observations should be taken into consideration when studying the impact of D2D functionality on UE RF requirements:
Observation #1
· From a UE transmit perspective, the following requirements may be impacted by V2V functionality: maximum output power tolerance, MPR and ACLR as well as possibly power dynamics, power control accuracy, transmit signal quality including EVM and transmit intermodulation.
Observation #2
· From a UE receive perspective the following requirements may be impacted by V2V functionality: reference sensitivity, maximum input power, ACS, in-band blocking, out-of-band blocking, narrowband blocking, intermodulation and spurious response. 
Proposal #1
· For Release 14 V2V RF requirements, RAN4 should further study the impacts on V2V UE transmit requirements including maximum output power tolerance, MPR and ACLR.

Proposal #2
· For Release 14 V2V RF requirements, RAN4 should further study the impacts on V2V UE receive requirements for reference sensitivity maximum input power level and ACS.
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