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1 Introduction
In RAN4#78bis meeting RAN4 had initial discussion on UE RF impact due to introduction of V2V operation. Since there are still some remaining issues depending on decision of physical layer, all related contributions were noted and no agreement on specific RF requirement in Mexico. Consequently, this contribution provides further discussion on V2V UE RF requirement based on our document submitted in previous meeting [8] and the latest RAN1/4 consensus on V2V. 
2 Consideration on latest agreements
In this section we firstly copy and paste the updated RAN1 and RAN4 agreements which may have prospective effect on UE RF aspect. Then provide our considerations on these agreements. 
RAN4 agreements in RAN4#78bis are regarding to the opearting band as below:
· To specify a new band TDD band for V2V with UL/DL operating band 5855-5925 MHz 
· The multiple component carrier (MCC) operation for V2V service can be discussed as second priority in the V2V WI. 
It is clear that a new TDD band would be introduced in RAN4 specification.   
RAN1 agreements in RAN1#84bis are related to DMRS enhancement, co-channel co-existence with Uu operation, and the V2X multicarrier configuration: 
DMRS enhancement working assumption is Alt5 as following. 
· Alt 1: 

· “4V structure” for PSSCH/PSCCH is kept (which is already an agreement in RAN1)

· In order to support 500 km/h relative speed case,  lowering the coding rate can be used
· FFS how to adapt MCS, RB size, and/or number of transmission subframes depending on the situation

· This may or may not have any specification impact

· Confirm the working assumption: 

· 15 kHz subcarrier spacing with 1 msec TTI length

· Alt 5: Alt 1 + adapt MCS, the number of RBs, and number of transmission subframes depending on the UE absolute speed and UE synchronization source (e.g, GNSS or eNB)

· FFS: One or more PSCCH format(s) need to be supported
It seems that RAN1 would continue the DMRS discussion on the new Alternative without RAN4 response on the feasibility. And our understanding is that with the Alt5 DMRS enhancement would be no explicit impact on RF core requirements. Hence we provide RF discussion based on this precondition in this contribution.
The followings are supported for the purpose of coexistence between PC5-based V2V and WAN:

· Sidelink open loop power control is re-used for SL TX for V2V

· FFS RSRP based resource selection

· SL TX for V2V can be prioritized over WAN TX 

· FFS the details (e.g., applicability to Mode 1 and/or Mode 2, etc), especially whether existing D2D mechanism can be reused,

· The prioritization is managable by eNB. Details FFS.

· The same receiver capability of D2D communication UEs is assumed for V2V UEs. That is, a Rx chain is available at all time to receive V2V signals without affecting WAN reception (from RAN1 perspective) when the UE is configured to receive V2V.
Since the sidelink open loop power control is reused for SL TX for V2V, the power control requirement of D2D should also be reused for V2V operation, i.e. only absolute power tolerance is applicable for V2V operation.
Furthermore, there is a RAN1 LS on multichannel operation and it points out that:
It is necessary that multichannel operation for PC5 V2V is supported by LTE. Additionally, RAN1 has agreed that multicarrier operation with Uu and V2V should be supported:
Conclusion:
· RAN1 may investigate following coexistence issues of PC5-based V2V operation and legacy Uu operation 
· Inter-UE coexistence in the same carrier frequency

· This includes the case where in-band emission of PC5-V2V transmission from UE A interferes with UL transmission from UE B in the same carrier and vice versa.

· Intra-UE coexistence in the same carrier frequency

· This includes the following cases: 

· (1) a single UE is scheduled to transmit PC5-V2V and UL at the same time.

· (2) a single UE is monitoring PC5-V2V and DL simultaneously.

· Intra-UE coexistence in different carrier frequency

· This is similar to the issue of ‘intra-UE coexistence in the same carrier frequency’ but differs from the fact that the transmissions/receptions are in two different carrier frequencies.

· Note that existing scheme/solution is not precluded to solve coexistence issues
· If existing scheme/solution are not sufficient, detailed solutions are FFS

This RAN1 LS asks RAN4 to consider the multicarrier operation with Uu and V2V especially in RF requirement. However, the agreement and conclusion enclosed in the LS are vague, how to understand the MCC operation needs further clarification. Furthermore, RAN4 have already had the agreement that MCC operation could be considered but with second priority. Hence in this contribution discussion and proposals are dedicated for single carrier V2V operation. Our thinking is to fix on the RF requirement for single carrier V2V operation first, since it is easier to be handled and achievable within left two RAN4 meeting cycles. At the same time, multiple carrier case, which is deserved more time to be analyzed, could be investigated further to achieve better understanding on the use case, corresponding UE RF architecture etc.. On top of that RAN4 would have comprehensive knowledge on how to resolve the MCC operation for V2V.  
3 Impact on RAN4 RF requirements 
It should be noted that same to our previous contribution [7] in this clause the discussion is mainly for 2GHz licensed band with single carrier operation unless otherwise stated.
3.1 General part
For V2V UE new sub-clauses should be considered to capture operating band and channel bandwidth. As proposed in RAN4#78bis meeting, at least following operating bands should be captured for V2V operation:
· Band 39

· Band 41

· New TDD band for V2V with UL/DL operating band 5855-5925 MHz 

Other operating bands should be included depending on operator’s input. 
3.2 Tx requirements
The D2D RF requirement should be taken as the starting point for PC5-V2V. In this section the general discussion is provided for each requirement on this basis. 
	Requirement
	Discussion

	Transmit power
	Maximum output power
	No impact on single carrier V2V operation. 

	
	MPR/A-MPR
	Considering the current RAN1 work assumption on DMRS enhancement, the power reduction defined for corresponding physical channels of D2D is suggested to be reused for V2V. 

	
	Configured transmitted power
	The Pcmax definition should be updated based on existing definition of D2D if new terminology introduced by RAN2. 

	Output power dynamic 
	Minimum output power
	Requirement of -40dBm minimum output power should be maintained for V2V.

Single carrier PC5-V2V: No impact on specification

	
	Transmit off power
	Requirement of -50dBm minimum output power should be maintained for V2V.

	
	On/off time mask
	Reuse corresponding D2D requirements if no additional modification in RAN1 for physical channels.  

	Power control 
	Only requirement of absolute power tolerance is applicable for V2V as D2D does. 

	Transmit signal quality 
	Frequency error
	Existing frequency accuracy of ±0.1 PPM relative to received eNB carrier frequency is adequate to verify UE performance. Whether and how to declare the synchronization resource is FFS.    

	
	EVM 
	Reuse existing requirements with necessary changes according to enhancement in physical layer.

	
	In-band emission
	

	
	Carrier leakage 
	Reuse corresponding D2D requirements.

	
	EVM equalizer spectrum flatness
	

	Output RF spectrum emission
	Occupied bandwidth
	No change needed for current spec.

	
	ACLR/SEM
	FFS based on evaluation outcome of RAN4 co-existence study.

	
	Spurious emission 
	For V2V transmissions, the spurious emission requirements of the corresponding E‑UTRA band shall apply.

	Transmit IM
	No change needed for current spec.


3.3 Rx requirements

According to the traffic model considered for V2V application and corresponding evaluation in RAN1, the V2V would receive with whole channel bandwidth allocated for transmission. Consequently, the receiver requirements for D2D communication should be taken as baseline for V2V UE reception discussion in table below. 
	Requirement
	Discussion

	Receiver sensitivity
	No change for V2V UE operating in legacy TDD bands asked by operators other than necessary changed on RMC.
For V2V UE operating in legacy FDD bands the principle used for D2D REFSENS could be reused combined with physical layer enhancement. 

	Maximum input level 
	-22dBm is suggested to be applied for V2V UE.

	ACS
	FFS based on evaluation outcome of RAN4 co-existence study.

	Blocking
	It is proposed to reuse existing requirement with updated REFSENS.

	Spurious response
	It is proposed to reuse existing requirement with updated REFSENS.

	Receiver IM
	It is proposed to reuse existing requirement with updated REFSENS.

	Spurious emissions/Receiver imagine 
	No impact with respect to V2V operation


4 Conclusion
In this contribution the further discussion on RF requirement impact on V2V UE is presented. According to our analysis we have following proposal:
Proposal 1: for single carrier V2V operation on legacy Uu bands following requirement of Rel-12 D2D could be reused:
· Transmit off power
· Maximum input level
Proposal 2: there is no specification impact on following requirements due to introduction of single carrier V2V operation on legacy LTE bands
· Maximum output power
· Minimum output power
· Occupied bandwidth
· Transmit IM
· Spurious emissions
· Receiver imagine
It is suggested to taken the considerations shown in this contribution into account in future study.  
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