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1. Introduction
In RAN plenary #83 meeting, a WI entitled ‘5G V2X with NR sidelink’ has been approved [1]. The corresponding objectives relating to RAN4 has been abstracted as follows:
· UE Tx and Rx RF requirement [RAN4]
· This requirement should ensure 
· coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum

· coexistence with other V2X technologies in the adjacent channel in ITS spectrum in 5.9 GHz, without assuming that 5.9 GHz spectrum will be universally available nor that it will be universally available in sufficient quantity to support NR V2X advanced use cases

· RRM core requirement [RAN4]

RAN4 has to consider UE Tx, Rx RF requirements and RRM core requirements for 5G NR V2X. In this contribution, we provide our views on the aspects what RAN4 work based on the output of LTE V2X and early study of NR V2X.
2. Discussion
3GPP V2X phase 1 is completed in March 2017 and included in Release 14 LTE, focusing on additional V2X operation scenarios leveraging the cellular infrastructure. After that, a lot of new features including carrier aggregation, high order modulation, latency reduction are introduced in Rel-15 LTE for 3GPP V2X phase 2. NR V2X is considered as 3GPP phase 3 and this WI is to specify necessary radio solutions for NR to support advanced V2V services.
LTE V2X should be a starting point before RAN4 initiated the study for NR V2X. Actually RAN4 has started the discussion for LTE V2X since RAN4#78. During the process, RAN4 has completed the core requirements for LTE V2X. In reference with LTE V2X, we listed the key problems RAN4 needs to solve for NR V2X:
· NR V2X Scenarios
· Operating Bands plan for NR V2X

· Coexistence for V2X Scenarios

· RF requirements for NR V2X

· RRM requirements.
In the following discussions, our views are provided on these key problems for V2X except RRM. 
2.1. NR V2X Scenarios

Before the RF requirements analysis, RAN4 needs to clarify the deployment scenarios of NR V2X services.
5G V2X deployment scenarios can be categorized into standalone (5G SA V2X) and non-standalone (5G NSA V2X) based on the architecture [2]. To be more specific, the following scenarios are identified for possible deployments of 5G NR V2X services:
a) V2X supporting LTE/NR PC5
b) V2X supporting LTE/NR Uu
c) V2X supporting both LTE/NR PC5 and Uu
A number of factors should be considered for specifying these V2X deployments for this WI:
1) The operation bands.
2) Single Carrier Operation.
3) Single Operator.

4) Coexistence on LTE/NR Uu/PC5 interface.
5) Single or Multiple eNB/gNB V2I operation.
6) Network Coverage.
Proposal 1: RAN4 needs to clarify the NR V2X scenarios before the study on the corresponding RF requirements.
2.2. Operating Bands plan for NR V2X
As for operating bands for NR V2X, RAN4 needs to consider three aspects: operating bands for NR Uu based V2X services in licensed band, operating bands for NR PC5 based V2X services in unlicensed bands and FR2 bands for V2X services.
In LTE V2X, there are ten E-UTRA bands used for Uu interface: band 3, 5, 7, 8, 20, 28, 34, 39, 41, 71. E-UTRA band 47 are used for PC5. All of these E-UTRA bands used for Uu interface were refarmed in NR bands n3, n5, n7, n8, n20, n28, n34, n39, n41, n71. LTE Band 47 has not been refarmed in NR yet. Whether to use NR bands n3, n5, n7, n8, n20, n28, n34, n39, n41, n71 for NR V2I services is for discussion and RAN4 needs to make a decision. Spectrum 5.9 GHz will be available to support 5G NR V2X and therefore LTE Band 47 should be refarmed for NR V2X sidelink.
Proposal 2: Whether to use NR bands n3, n5, n7, n8, n20, n28, n34, n39, n41, n71 for NR V2I services is for discussion and RAN4 needs to make a decision.
Proposal 3: LTE Band 47 should be refarmed for NR V2X sidelink.
FR2 bands for NR V2X sidelink should be considered. The main reason is that ITU recommends mm-wave for ITS applications for V2V and V2I in the frequency band 57.0-66.0 GHz [3]. In Europe, CEPT and ETSI indicates that frequency band 63-64 GHz can be used for ITS including V2I and V2V. In Korea, frequency band 57.0-66.0 is being underutilized for earth exploration satellite (Passive), fixed and Inter-satellite and there is a great chance the spectrum is used for ITS. In China, there is no regulation for ITS application in above 6 GHz. In all, RAN4 needs to study the FR2 bands for ITS applications for V2V and V2I.
Proposal 4: RAN4 needs to study the FR2 bands for ITS applications for V2V and V2I.
2.3. Coexistence for V2X Scenarios
There are three cases of coexistence for 5G V2X Scenarios listed in the WI:
· between sidelink and Uu interface in the same and adjacent channels in licensed spectrum
· between LTE and NR sidelink interface 
· with other V2X systems in adjacent channel in 5.9 GHz
For the first case of coexistence, the following possible scenarios RAN4 needs to consider:
· LTE V2V-to-LTE, LTE V2V-to-NR, NR V2V-to-LTE, NR V2V-to-NR,
· LTE-to-LTE V2V, LTE-to-NR V2V, NR-to-LTE V2V, NR-to-NR V2V.
Of all above possible cases, LTE V2V-to-LTE and LTE-to-LTE V2V have been studied in LTE V2X. Other six cases should be studied for NR V2X coexistence.
Proposal 5: For coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum, RAN4 should study the following scenarios for NR V2X:
· LTE V2V-to-NR, NR V2V-to-LTE, NR V2V-to-NR,

· LTE-to-NR V2V, NR-to-LTE V2V, NR-to-NR V2V.
For the second case of coexistence, RAN4 should study the coexistence between LTE and NR sidelink interface.
· LTE V2V-to-NR V2V.

Proposal 6: For the coexistence between LTE and NR sidelink interface, RAN4 needs to consider LTE V2V-to NR V2V scenario for NR V2X. 
For the third case of coexistence, RAN4 should study the coexistence with other V2X technologies (mainly DSRC by IEEE) and the following scenarios RAN4 needs to consider:
· NR V2V UE-to-DSRC UE

· DSRC UE-to-NR V2V UE
Proposal 7: For coexistence at 5.9 GHz, RAN4 needs to consider the following scenarios for NR V2X:
· NR V2V UE-to-DSRC UE

· DSRC UE-to-NR V2V UE
2.4. RF requirements for NR V2X
The RF requirements for NR V2X can be categorized into RF requirements for Uu interface for V2I services and RF requirements for PC5 interface for V2V services.
For 5G SA V2X, most of RF requirements defined in TS 38.101-1/2 apply for V2I services.
For 5G NSA V2X, most of RF requirements defined in TS 38.101-3 apply for V2I services.

For 5G V2V services, LTE V2V core RF requirements should be a starting point for the study of NR V2V core RF requirements. RAN4 should study the impact of NR V2V RF requirements.
Proposal 8: For 5G V2V services, LTE V2V core RF requirements should be a starting point for the study of NR V2V core RF requirements. RAN4 should study the impact of NR V2V RF requirements.
3. Conclusion
This contribution discusses the key issues on 5G NR V2X with sidelink. The following observations and proposals are made:
Proposal 1: RAN4 needs to clarify the NR V2X scenarios before the study on the corresponding RF requirements.
Proposal 2: Whether to use NR bands n3, n5, n7, n8, n20, n28, n34, n39, n41, n71 for NR V2I services is for discussion and RAN4 needs to make a decision.
Proposal 3: LTE Band 47 should be refarmed for NR V2X sidelink.
Proposal 4: RAN4 needs to study the FR2 bands for ITS applications for V2V and V2I.
Proposal 5: For coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum, RAN4 should study the following scenarios for NR V2X:

· LTE V2V-to-NR, NR V2V-to-LTE, NR V2V-to-NR,

· LTE-to-NR V2V, NR-to-LTE V2V, NR-to-NR V2V.

Proposal 6: For the coexistence between LTE and NR sidelink interface, RAN4 needs to consider LTE V2V-to NR V2V scenario for NR V2X. 
Proposal 7: For coexistence at 5.9 GHz, RAN4 needs to consider the following scenarios for NR V2X:

· NR V2V UE-to-DSRC UE

· DSRC UE-to-NR V2V UE
Proposal 8: For 5G V2V services, LTE V2V core RF requirements should be a starting point for the study of NR V2V core RF requirements. RAN4 should study the impact of NR V2V RF requirements.
References
[1] RP-190766, New WID on 5G V2X with NR sidelink, LG Electronics, Huawei, RAN#83.
[2] TR 38.885 v2.0.0, Study on NR Vehicle-to-Everything, 2019.03
[3]TR 37.885 v15.2.0, Study on evaluation methodology of new Vehicle-to-Everything (V2X) use cases for LTE and NR, 2018-12
3GPP


