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1 Introduction
In RAN4 #90BIS meeting, NR V2X coexistence scenarios in [2] were discussed and agreed. However, the explicit coexistence scenarios are not decided as below
· In-device Inter-band con-current operation 
· (LTE SL and NR SL operation at ITS spectrum) with (LTE or NR Uu in another band) on the same device
· Both TDM/FDM operation will be studied based on operator request
· RAN4 defers the coexistence discussion to May meeting. Final decision on band combinations are discussed in RAN4.
· UE-to-UE coexistence
· 1) 5.9 GHz ITS spectrum
· Aggressor-to-Victim UE coexistence 
· NR SL-to-DSRC, NR SL-to-LTE SL
· DSRC-to-NR SL, LTE SL-to-NR SL
· In LTE SL WI, RAN4 already analyze the DSRC impact 
· For the new unlicensed ITS spectrum, RAN4 will discuss when it is available
· 2) Licensed spectrum
· Aggressor-to-Victim UE coexistence 
· NR SL-to-NR/LTE Uu
· LTE/NR Uu-to-NR SL
· RAN4 need to UE-to-UE coexistence parameters and assumptions for these scenarios.
· However, RAN4 defer the coexistence discussion at May meeting. Some feedback from 5GAA and operator expected. Final decision on bands are discussed in RAN4.
Hence, in this contribution, we provide our view how to reduce the coexistence evaluation scenarios based on existed coexistence evaluation results in LTE V2X and NR coexistence study in RAN4.
2 Scope discussion in WID
Based on the agreed WID [1], RAN4 made some WI scope consensus in WF [2]. However, RAN4 do not decide explit coexistence scenarios and detail simulation parameters.
So, we list up the whole possible scenarios for NR V2X Service in rel-16.

1) Single carrier operation

· NR V2X SL operation at ITS spectrum

·  Legacy system: DSRC, LTE V2X

· NR V2X SL operation at licensed spectrum at FR1/FR2

·  Legacy system: NR/LTE Uu, 
2)  Con-current operation in rel-16
· Inter-band con-current operation: Inter-band simultaneous operation is not impact to coexistence evaluation, It will be only impact to the self-desense problem by harmonic/IMD products in in-device coexistence
·  NR V2X SL (at ITS spectrum) + LTE/NR Uu (at licensed bands)
· Intra-band con-current operation: same as LTE-A CA UE-to-UE ( no need to coexistence evaluation 
·  NR V2X SL (at ITS spectrum) + LTE V2X SL (at ITS spectrum): Currently intra-band FDM operation is not allowed in NR V2X WID in rel-16 ( only TDM operation is allowed in single carrier
·  NR V2X SL (at licensed bands) + NR/LTE V2X Uu (at licensed bands)
In this first phase, RAN4 focus on the UE-to-UE coexistence scenarios for single carrier V2X operation at ITS spectrum or licensed band at both FR1 and FR2 as shown in Figure 1 and Figure 2.
[image: image1.png]Coexistence Scenarios at 5.9GHz

Case 1 (Aggressor-Victim)
— NRV2X UE-to-DSRC UE

Case 2 (Aggressor-Victim)
— NRV2X UE-to-LTE V2X UE

Case 3 (Aggressor-Victim)
—  DSRC UE-to-NR V2X UE

Case 4 (Aggressor-Victim)
—  LTEV2X UE-to-NR V2X UE

—

NRV2X|| DSRC |

> f

—

NR V2X]|| LTE v2X|

> f

—

DSRC || NR V2X]|

> f

—

LTE V2X]| NR V2X|

> f





Figure 1. Coexistence scenarios at ITS spectrum for single carrier V2X operation
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Figure 2. Coexistence scenarios at licensed spectrum for single carrier V2X operation
However, the expected NR V2X UE’s ACLR/ACS value is not change from LTE V2X operation at ITS spectrum for single carrier NR V2X SL operation. So RAN4 estimate the same coexistence SLS simulation results at ITS spectrum. Also RAN1 start to design that UE measure the transmitted UE’s RSRP and report the measured RSRP to the transmitted V2X UE, then the V2X UE will applied power control mechanism for uni-cast transmission in ITS spectrum using UE-to-UE path loss measurement base without network. Therefore, the expected PRR loss of DSRC and LTE V2X UE will be decreased compare to LTE V2X UE.
So we provide our observation 1 as below
Observation 1: When the NR V2X UE’s ACLR/ACS is not changed from LTE V2X UE, RAN4 expect same coexistence evaluation results at ITS spectrum. Hence, RAN4 do not need additional coexistence simulation for all Cases in Figure 1 at ITS spectrum.
For the licensed spectrum of single carrier V2X SL operation, the above power control mechanism will be applied regardless of transmission scenarios such as uni-cast, group-cast and broad-cast when gNB control the power control mechanism. So RAN4 need to apply the power control scheme for SL operation at licensed band. It is different point between LTE V2X operation and NR V2X operation in licensed band operation. Currently RAN1 decide how to apply the open loop power control schemes at both licensed band and unlicensed bands. It will be request to complete basic power control mechanism at RAN1 #97 May meeting to apply the power control mechanism into the coexistence evaluation for NR V2X service in RAN4.
Based on the difference between LTE V2X and NR V2X at licensed spectrum, we provide our observation 2 as below
Observation 2: RAN1 agreed to apply open-loop power control mechanism at both licensed band and unlicensed band. Specially, the power control scheme will be applied regardless of transmission scenarios such as uni-cast, group-cast and broad-cast in licensed bands since gNB control the power control mechanism.
For the intra-band multi-carrier operation, RAN4 evaluate the LTE-A CA UE is aggressor and LTE UE was victim case. The conclusion of coexistence evaluation was not impact to legacy LTE system from LTE-A CA UE.
The intra-band multi-carrier operation of NR V2X UE will be same analyse results are expected since the NR V2X UE’s ACLR/ACS are not different to the LTE-A CA UE/NR CA UE to use same RFIC and PA module at licensed bands. Hence, the coexistence evaluation results are same as LTE-A CA case. One different point is that NR V2X UE transmit and reception will be used the uplink band in FDD band as like prose UE. This issue was verified in prose UE transmission and reception in uplink band impact to the legacy LTE/NR Uu operation in licensed band.
For the inter-band multi-carrier V2X SL operation, the in-device coexistence problem will be impact to own Rx bands.
However, the inter-band adjacent channel coexistence problem is same as the impact of single carrier V2X SL operation. So, if the single carrier V2X SL operation at licensed band is not impact to adjacent NR/LTE Uu operation, then the inter-band adjacent channel coexistence problem of NR V2X SL operation will not be interfered to the legacy system.
Based on this analysis, we provide our observation 3 as below

Observation 3: The intra-band multi-carrier NR V2X SL operation is same as LTE-A CA or NR CA. These operation is not impact to legacy LTE or NR system when consider same ACLR/ACS level between NR V2X UE and LTE/NR UE. 

Observation 4: The inter-band multi-carrier NR V2X SL operation is only expected the in-device coexistence problem since the FDM dual uplink transmission will be impact to the own Rx band. The inter-band V2X SL operation will be same as the impact to adjacent legacy system of single carrier V2X SL operation.
From the all observations, we propose as below

Proposal 1: RAN4 only focus on the coexistence evaluation in Figure 2 at licensed bands. And the example V2X operating band is 3.5GHz (TDD) in licensed spectrum.
1.1 Scope of V2X SL operation at FR2

The objective in NR V2X WID are captured as below

1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.

· 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]
The solutions should cover both the operating scenario where the carrier(s) is/are dedicated to V2X services and the operating scenario where the carrier(s) is/are licensed spectrum and also used for NR Uu/LTE Uu operation.
NR sidelink design starts with frequencies in FR1, and NR sidelink in FR2 is supported by applying the design for FR1 and PT-RS to the numerologies agreed for FR2. No FR2 specific optimization is supported in this WI except PT-RS. No beam management is supported in this work.

WID explicitly mentioned the NR sidelink design will be started at FR1. And RAN1 only support PT-RS at FR2. It means that there was no specific optimization for NR SL operation at FR2 frequency band. 

So RAN4 need to decide how to support NR V2X operation at FR2. It should be necessary operator request where the licensed band is support NR V2X SL operation at FR2. 

Based on the operator request and 5GAA request for the licensed bands at FR2, RAN4 can continue discuss on the coexistence scenarios and parameters at FR2. If there was no preferred operating band for NR V2X sidelink operation, then it will be deprioritized in NR V2X WI phase in rel-16. So RAN4 encourage the operator request for the NR V2X operation at licensed bands in FR2. 
Proposal 2: For the FR2 V2X operation, RAN4 can consider as 2nd priority. This can be deferred to next release if there is no clear industry demand.
3 Conclusion
Based on the analysis in this contribution, we give our observations on in-device coexistence issue between LTE and NR sidelinks as below:

Observation 1: When the NR V2X UE’s ACLR/ACS is not changed from LTE V2X UE, RAN4 expect same coexistence evaluation results at ITS spectrum. Hence, RAN4 do not need additional coexistence simulation for all Cases in Figure 1 at ITS spectrum.
Observation 2: RAN1 agreed to apply open-loop power control mechanism at both licensed band and unlicensed band. Specially, the power control scheme will be applied regardless of transmission scenarios such as uni-cast, group-cast and broad-cast in licensed bands since gNB control the power control mechanism.

Observation 3: The intra-band multi-carrier NR V2X SL operation is same as LTE-A CA or NR CA. These operation is not impact to legacy LTE or NR system when consider same ACLR/ACS level between NR V2X UE and LTE/NR UE. 

Observation 4: The inter-band multi-carrier NR V2X SL operation is only expected the in-device coexistence problem since the FDM dual uplink transmission will be impact to the own Rx band. The inter-band V2X SL operation will be same as the impact to adjacent legacy system of single carrier V2X SL operation.

From the all observations, we propose as below

Proposal 1: RAN4 only focus on the coexistence evaluation in Figure 2 at licensed bands. And the example V2X operating band is 3.5GHz (TDD) in licensed spectrum.
Proposal 2: For the FR2 V2X operation, RAN4 can consider as 2nd priority. This can be deferred to next release if there is no clear industry demand.
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