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1 Introduction
V2V UE RF requirements have been discussed for several meetings in RAN4 [1-5]. This contribution provides detailed analysis for requirements identified to be changed after an overview of the requirements for V2V.
2 Discussion
2.1 Overview of UE RF requirements
Table 1 summarizes the consideration of V2V UE RF requirements.

Table 1 Overview of V2V UE RF requirements
	Requirements
	Considerations on requirements

	Transmit power
	UE maximum output power
	Regulatory limitations shall be considered in defining the output power related requirements.
MPR/A-MPR requirements for multi-cluster transmission shall be defined.

	
	Configured transmitted power
	Revisit based on the MPR/A-MPR requirements

	Output power dynamics
	Minimum output power
	No change is foreseen.

	
	Transmit OFF power
	No change is foreseen.

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

	
	Power control
	Whether to use open loop power control for V2V depends on RAN1’s decision. 
Existing absolute power tolerance shall be reused to V2V transmissions.

	Transmit signal quality
	Frequency error
	New GNSS based frequency error requirement shall be defined.

	
	EVM
	Further study based on physical channels design for V2V.

	
	Carrier leakage
	No change is foreseen.

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

	
	EVM equalizer spectrum flatness
	No change is foreseen.

	Output RF spectrum emissions
	Occupied bandwidth
	No change is foreseen.

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

	
	ACLR
	Depends on co-existence study.

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

	Transmit Intermodulation
	No change is foreseen.

	Reference sensitivity level
	Further study based RAN1 progress and supported bands.

SNR shall be determined by link level simulation.

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

	ACS
	Depends on co-existence study.

	Blocking
	In-band blocking
	No change is foreseen based on D2D requirement with V2V related REFSENS.

	
	Out-of-band blocking
	No change is foreseen based on D2D requirement with V2V related REFSENS for licensed bands. 
For unlicensed bands, the requirement needs revisit.

	
	Narrow band blocking
	No change is foreseen based on D2D requirement with V2V related REFSENS.

	Spurious response
	No change is foreseen based on D2D requirement with V2V related REFSENS.

	Receiver intermodulation
	No change is foreseen based on D2D requirement with V2V related REFSENS.

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

	Receiver image
	Not applicable.


2.2 Analysis for specific RF requirements 
Requirements need to be newly defined or revised are discussed in the following part.

1) General
Operating band(s) for V2V

In the WID, it described that:
To specify a solution/requirement (if needed) for coexistence of PC5-based V2V operation and legacy Uu operation with LTE in an adjacent carrier frequency [RAN4]
To specify a solution/requirement for coexistence of PC5-based V2V operation and DSRC/IEEE 802.11p on adjacent carrier frequencies within the 5.9GHz ITS spectrum [RAN4]
Thus RAN4 carried out the co-existence study for both 2GHz band and 5.9GHz band. However, only 5.9GHz band is defined for V2V, i.e. the frequency range from 5855-5925MHz.

So far there is no licensed band(s) defined for V2V. Also based on the co-existence study, V2V and LTE legacy service cannot co-exist well in the licensed bands.
Channel Bandwidth

The simulation assumption in both RAN1 and RAN4 is for 10MHz. However, in the survey of Regulatory Background, it can be seen that 20MHz channel bandwidth to support multi-channel operation is also defined in US. Therefore, both 10MHz and 20MHz channel bandwidths are defined for V2V, which was already agreed and captured in the TR 36.785.
2) UE maximum output power
As discussed in [6], 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. During the discussion in RAN1, several options are proposed for SA and associated data resource pools:
· SA and associated data are transmitted on different subframes

· SA and associated data are transmitted on same subframe and may not be adjacent in frequency

· SA and associated data are transmitted on same subframe and are always adjacent in frequency
For SA and associated data transmitted on same subframe in non-adjacent frequency, the existing MPR requirement for multi-cluster can cover this case, which means 3.31~8 dB power back-off is needed. To avoid much performance loss due to such large power back-off, it was agreed in RAN1 that “All the PRBs used for the SA and associated data transmissions should be contiguous in frequency” and the agreement was sent to RAN4 by LS in Nanjing meeting. Given such an agreement, we think that SA and associated data transmitted in adjacent frequency is a special case for the non-adjacent one. It expected that the MPR for this case would be less than that defined in current specification for multi-cluster. MPR simulation is needed to determine the final requirement on UE maximum output power for V2V.
Observation 1: MPR for SA and associated data transmitted on same subframe in adjacent shall be defined.
3) Frequency error
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 [7]. 

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. 

In WI of V2V, RAN1 reached agreements on synchronization based on GNSS and eNB signal in PC5-based V2V and sent an LS to RAN4 [8]. RAN1 asks RAN4 to define GNSS requirement on sidelink synchronization. 

It was recommended by RAN4 in the SI study that the UE modulated short term transmit frequency error based on GNSS synchronization is assumed to be in the order of ±0.1ppm compared with the absolute frequency assigned by the network. With this value, it was evaluated in RAN1 that the GNSS based synchronization performance can be guaranteed, therefore, we propose to define a new RAN4 frequency error requirement for GNSS synchronization with the value of ±0.1ppm.
Observation 2: GNSS based frequency error shall be defined for V2V.
4) EVM

For ProSe, the transmissions are shortened due to transmission gap of 1 symbol at the end of the subframe. The reason is that a D2D subframe is transmitted using DL timing, and following subframe PUSCH transmission is transmitted using UL timing. The first symbol of PUSCH transmission will be interfered, therefore the last symbol (gap) of D2D is punctured for protection of UL PUSCH transmission. However, in V2X dedicated band, there will be no PUSCH transmission, so the last symbol can be utilized for transmission, which means for V2V operation in 5855-5925MHz, there is no need to keep the transmission gap but there is no conclusion in RAN1 yet. 
Observation 3: The V2V EVM measurement interval could be different from that of D2D, which depends on the progress and decision of RAN1.
5) Out of band emission
As V2V band is defined in the unlicensed spectrum, our view is that the regulatory limits shall be considered when we define the spectrum emission mask. 
Table 2 is the spectrum mask defined in [9] for ITS service in the same frequency range as V2V. 

Table 2 Transmitter spectrum mask for 10 MHz channel bandwidth

	Carrier frequency fc  (dBc)
	± 4,5 MHz

offset

(dBc)
	± 5,0 MHz

offset

(dBc)
	± 5,5 MHz

offset

(dBc)
	± 10 MHz

offset

(dBc)
	± 15 MHz

offset

(dBc)

	0
	0
	‑26
	‑32
	‑40
	‑50


It is noted that the relative power values given in Table 2 are valid for the maximum allowed output power of 33dBm. For devices with lower maximum output power values, absolute limits shall be calculated at 33dBm and these absolute values shall be used for testing devices with lower output power values. 
Compared to the existing LTE requirement, we see that the ITS emission mask is more stringent. To avoid the excessive interference to ITS service in the same operating band, the ITS emission mask shall be fulfilled as additional requirement. And consequently, the A-MPR requirement shall be defined to comply with this stringent mask.
Also we noticed that the ITS transmitter spectrum mask is defined for 10MHz CBW only, there is no need to define A-MPR requirement for 20MHz CBW.

Observation 4: The ITS emission mask defined in EU harmonized standard is more stringent than that existing LTE requirement. The stringent mask shall be considered in defining the V2V requirement.
6) Spurious emissions
Regarding the spurious emissions, our view is that keep existing requirements for licensed bands for V2V. For unlicensed spectrum, corresponding regulatory requirements shall be further studied. After checking the limits defined for unwanted emissions in EU harmonized standard for ITS, we see that the emission limits are the same as that in 3GPP specification. However, the frequency range in EU spec is extended to 18GHz. As V2V band is part of Band 46, and the spurious emission range for LAA was already extended to 26GHz. We propose to define the same upper bound for V2V.
Observation 5: Spurious emission range shall be extended for V2V.
7) Reference sensitivity level
Usually REFSENS depends on channel BW, allocated resource blocks, noise figure and SNR. Specifically, SNR is determined by link level simulations. Fixed reference measurement channel for V2V shall be used in the link level simulation. However, some parameters are still not decided in RAN1. To speed up the progress, RAN4 may suppose some of the undetermined parameters based on D2D and provide preliminary evaluation on the SNR value [10].
Observation 6: SNR used for defining REFSENS shall be determined by link level simulation.
8) Blocking

Since the V2V band is part of Band 46 for LAA, and we see that the blocking requirements are changed in some aspects to consider the filter capability and the channel BW of the interfering signal, we think that the blocking requirements for V2V shall not be the same as those defined for the licensed bands. 
From implementation point of view, one option for filter of V2V band is to reuse the same one for LAA band. Even it is possible to design a filter covering 5855-5925MHz specifically, due to the narrow band frequency range compared to the 5.9GHz centre frequency, it is expected that the out-of-band rejection is not very good. Thus we propose to adopt the same way as that of Band 46 to relax the out-of-band blocking for a certain frequency range. And since there is no narrow band signal in this band, there is no need to define the narrow band blocking and narrow band inter-modulation requirements for the V2V band.
As outlined in section 1, our view is that for unlicensed bands, the requirement needs revisit based on regulatory requirement as well. Compared to the requirement defined in [9], where the in-band blocking is -30dBm, the blocking level is larger than exiting case 2 blocking interferer in the specification, which is in the second alternate channel offset from the wanted signal. Considering the total 70MHz band width of the V2V band, ± 50 MHz is already outside the operating band. Though the frequency is still in the in band blocking range, we propose to consider -30dBm blocking as regional requirement and keep the existing blocking levels for LTE unchanged.
Observation 7: Blocking requirement shall be defined based on filter capability, interfering signal type, and the regulatory requirement shall be considered as well.
9) ACLR and ACS
These two requirements depend on co-existence study.

Since there is no licensed band defined for V2V so far, the requirements would be determined only by the V2V-DSRC co-existence scenario. The metric of co-existence with DSRC is further elaborated in [11].

Observation 8: Both ACLR and ACS shall be determined by co-existence simulation.
2.3 How to include the V2V requirements in the specification
Essentially, V2V is a special case of ProSe. There were some discussions in RAN4 that the requirements of V2V shall be captured in the same sub-clause of ProSe. We think that ProSe in a general concept, and we found that ProSe Direct Discovery and ProSe Direct Communications are used in the specification rather than just using D2D. For V2V or V2X, the case is similar. And V2V is subjected to V2X, the requirements for the side link are the same for both V2V and V2X. Therefore, for V2V requirements which are different from those of D2D, we should make it clear the requirements are defined for ProSe V2X specifically. 
Observation 9: V2V is a special case of ProSe. The requirements can be defined under the term of “ProSe V2X”.
2.4 How to complete the V2V WI
Multi-carrier configuration was discussed in RAN4 previous meetings, several E-UTRA bands in conjunction with V2V band in inter-band CA configurations were captured in the TR [12]. However, it doesn't mean that specific CA band combinations shall be finished in the V2V WI. An LS was sent to both RAN1 and RAN2 in [13]. It was agreed in the group that “analysis and specification of transmission and reception requirements for single component carrier (CC) operation will be completed as a first priority”. Due to tight timeline of the WI, we think it makes sense that we are focused on single carrier with high priority to complete the WI on time. 
Regarding CA band combinations with Band 47, as we already experienced the mess situation of LAA, we believe that the appropriate method is to propose the specific CA band combinations in corresponding basket CA WIs after the completion of V2V SC requirements. 

Observation 10: Specific CA band combinations shall be proposed in corresponding basket CA WIs after the completion of V2V SC requirements.
In Rel-14, we have both V2V and V2X WIs. From RF requirements perspective, we see the only difference for V2X WI is the enhancement of output power to 33dBm. Almost all RF requirements would be the same for these two WIs. It is not necessary to define all requirements separately in two WIs. 
Given the observations in section 2.2, some uncertainties remain in defining the RF requirements for V2V. Not all of these requirements can be easily finished in one meeting cycle in August, though we should try our best to complete the WI according to the plan. 
According to the V2X WID, “This work item should take into account the functionalities that are to be specified in the related work on sidelink V2V. This work item should also incorporate the important aspects that cannot be completed on time in V2V WI, if any, subject to decision by RAN plenary.” In case we cannot finish all RF requirements for V2V in August meeting, we should discuss and decide in the group which requirements could be left for V2X WI and the V2V WI still can be closed.

Observation 11: If some requirements cannot be finished in V2V WI, these requirements could be left to V2X WI and the V2V WI can still be closed, however, it also depends on decision of RAN plenary.
Conclusion
Overview of UE RF requirements for V2V is provided firstly based on progress in RAN1 and RAN4. Detailed analysis of specific requirements which are identified to be revised is discussed as well in this contribution. 
Observation 1: MPR for SA and associated data transmitted on same subframe in adjacent shall be defined.
Observation 2: GNSS based frequency error shall be defined for V2V.
Observation 3: The V2V EVM measurement interval could be different from that of D2D, which depends on the progress and decision of RAN1.
Observation 4: The ITS emission mask defined in EU harmonized standard is more stringent than that existing LTE requirement. The stringent mask shall be considered in defining the V2V requirement.

Observation 5: Spurious emission range shall be extended for V2V.
Observation 6: SNR used for defining REFSENS shall be determined by link level simulation.
Observation 7: Blocking requirement shall be defined based on filter capability, interfering signal type, and the regulatory requirement shall be considered as well.

Observation 8: Both ACLR and ACS shall be determined by co-existence simulation.

Observation 9: V2V is a special case for ProSe. The requirements shall be defined under the term of “ProSe V2X”.
Observation 10: Specific CA band combinations shall be proposed in corresponding basket CA WIs after the completion of V2V SC requirements.
Observation 11: If some requirements cannot be finished in V2V WI, these requirements could be left to V2X WI and the V2V WI can still be closed, however, it also depends on decision of RAN plenary.
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