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Introduction
In RAN#80, the new SI named “Study on NR V2X” [1] was approved to study the enhancement to support advanced V2X services which are captured in TR 22.886 [2]. One of the objectives is to study the feasibility of the coexistence mechanisms when NR sidelink and LTE sidelink technologies are equipped in the same vehicle for the ‘not co-channel’ scenario. In this contribution, the challenges of in-device coexistence of NR V2X and LTE V2X is discussed firstly. And then some initial considerations and potential solutions to resolve the IDC issue are discussed. 

	In-device coexistence: Study the feasibility of the coexistence mechanisms when NR sidelink and LTE sidelink technologies are equipped in the same vehicle for the ‘not co-channel’ scenario: 

Advanced V2X services provided by NR sidelink coexisting with V2X service provided by LTE sidelink in different channels (i.e., not co-channel).  Not co-channel could include both adjacent channel and channels that are sufficiently far apart.

NOTE: It is assumed that any coexistence requirements and mechanisms of NR sidelink with non-3GPP technologies will not be defined by 3GPP. 


Discussion 
The in-device coexistence issue was discussed in RAN1 in last two meeting and some agreements were reached as copied in the below [3][4]. Here we discuss the in-device coexistence issue from RAN2’s point of view. 

	Agreements in RAN1#94:

For the study of LTE-V2X and NR-V2X sidelink co-existence, at least the following scenarios are considered from the UEs perspective: 
LTE sidelink and NR sidelink do not have any coordinated procedures
LTE sidelink and NR sidelink have coordinated procedures and half-duplex constraints are assumed
RAN1 will focus on this scenario in the SI
Agreements:

RAN1 focus on at least the following potential solutions for coexistence at least until the next meeting: 

TDM of LTE V2X and NR V2X sidelink transmissions

FDM of LTE V2X and NR V2X sidelink transmissions

Agreements in RAN1#94bis:
In the context of in-device coexistence between NR and LTE V2X sidelinks (not co-channel), 

TDM solutions are those that prevent overlapping or simultaneous NR and LTE V2X sidelink transmissions.

FDM solutions are those that involve simultaneous transmissions of NR and LTE V2X sidelink transmissions and defining mechanisms for sharing the total device power between the two.

For TDM solutions, LTE and NR V2X sidelinks are assumed to be synchronized 

FFS accuracy of time alignment/synchronization

FFS alignment whether slot level and/or DFN based alignment is needed

For TDM solutions, the following aspects are studied in RAN1: 

Long term time-scale coordination

Potential transmissions in time of LTE and NR V2X are statically/quasi-statically determined

UE behaviour when LTE and NR V2X sidelink transmissions overlap in time is FFS

Short time-scale coordination

Transmissions in time of LTE and NR V2X are known to each RAT (details FFS)

UE behaviour when LTE and NR V2X sidelink transmissions overlap in time is FFS

FFS coordination details

FFS UE assistance for coordination


Main challenges 

Challenge 1. simultaneous TX/RX of NR V2X and LTE V2X
According to the NR V2X SI, advanced V2X services provided by NR sidelink may coexist with V2X service provided by LTE sidelink in different channels (i.e., not co-channel)  in the same vehicle UE. As we know, due to extreme proximity of multiple radio transceivers within the same UE, the transmission power of one transmitter may be much higher than the reception power level of another receiver. By means of filter technologies and sufficient frequency separation, the transmission signal may not result in significant interference. But for some coexistence scenarios, e.g. different radio technologies within the same UE operating on adjacent frequencies, the leakage from Tx to Rx is too large for any reception of the Rx chain, which is also called half duplex restriction. 
Observation 1：Half duplex restriction exists in the scenario of coexistence of Tx/Rx of NR V2X and LTE V2X in the same UE in adjacent channels.  
Challenge 2. simultaneous transmission of NR V2X and LTE V2X

Another challenge is the simultaneous transmission of NR V2X and LTE V2X. When LTE V2X and NR V2X transmission opportunity overlap in time, the UE may not be able to transmit on both NR V2X and LTE V2X due to the UE limited Tx chain. Secondly, there may be large power imbalance between NR V2X and LTE V2X transmissions, i.e. the transmission power of one link is much larger than the other link. From the reception UE’s perspective, the emission originated from the link with large transmission power would cause interference to the link with small transmission power. Thirdly, the total transmission power of mutiple Tx chains shall not exceed the UE’s total configured maximum output power (PCMAX). 

Observation 2: The following issues shall be considered in the scenario of simultaneous transmission of NR V2X and LTE V2X: 1) UE limited Tx chain; 2) power imbalance between NR V2X and LTE V2X; 3) limited UE output power. 
Prioritization between NR V2X and LTE V2X

As analyzed above, when there is IDC (in-device coexistence) issue in vehicle UE, the UE could try to handle the IDC issue by itself. For example, when NR V2X transmission is overlapped at the same time with LTE V2X transmission, and the UE is not able to transmit both on NR V2X and LTE V2X, or the sum of transmission power exceeds the configure maximum output power, the UE could determine to drop NR V2X or LTE V2X transmission, or adjust the transmission power of NR V2X or LTE V2X transmission based on the priority of the NR V2X and LTE V2X transmission. As analyzed above, the prioritization between transmission/reception of NR V2X and LTE V2X should be investigated and defined. 

In D2D and R14/R15 V2X, the PPPP of corresponding data packet is delivered from upper layer to indicate the priority of the data packet. NR V2X service is targeted to advanced V2X use cases with high data rate, high reliability and medium to low latency. It is also under discussion in SA2 whether Uu-like QoS mechanism is used in NR sidelink. If different QoS mechanisms are used between NR V2X and LTE V2X, the mapping between the PPPP and priority indication in QoS parameter in NR V2X shall be investigated, in order to enable UE for prioritization between NR V2X and LTE V2X. 
Proposal 1: When there is IDC (in-device coexistence) issue in vehicle UE, the UE shall determine the prioritization between NR V2X and LTE V2X to handle the IDC issue. 

Proposal 2: If different QoS mechanism is used between NR V2X and LTE V2X, the mapping between the PPPP and QoS parameter in NR V2X shall be investigated. 
Potential solutions 

As agreed in RAN1#94 [3], both scenario of LTE sidelink and NR sidelink have/don’t have coordinated procedures shall be considered. And TDM/FDM shall be considered as potential solutions for the coexistence issue. In our view, if IDC issue occurs in vehicle UE, the UE shall try to handle the IDC issue by itself based on the prioritization between NR V2X and LTE V2X, e.g. drop/skip the transmission/reception on one link or adjust the  transmission power of the transmission with lower priority. However, there may be some cases that the UE cannot handle the IDC issue by itself, then the coordination procedure with/without network between NR V2X and LTE V2X shall be investigated to enable the TDM or FDM solution between LTE V2X and NR V2X. 

Proposal 3: If the UE cannot handle the IDC issue by itself, then the coordination procedure with/without network between NR V2X and LTE V2X shall be investigated to enable the TDM or FDM solution between LTE V2X and NR V2X.

When the vehicle UE suffering from IDC issue is in coverage, the UE could inform the IDC issue to the network and some assistance information (e.g. sidelink resource configuration of another link) could be reported to the eNB/gNB to assist the resource allocation in order to resolve the IDC issue in the vehicle UE. Moreover, considering that out-of-coverage scenario should also be supported, the coordination between NR V2X and LTE V2X without network should also be investigated. In this scenario, coordination between the peer vehicle UEs via PC5 interface could be performed to resolve the IDC issue. 

Proposal 4: Some assistance information (e.g. sidelink resource configuration of another link) could be reported by incoverage UE to network in order to resolve the IDC issue. Alternatively, coordination between the peer vehicle UEs via PC5 interface could be performed to resolve the IDC issue.

Conclusion
In this contribution, the challenges of in-device coexistence of NR V2X and LTE V2X was discussed firstly. And then some initial considerations and potential solutions to resolve the IDC issue were discussed. And we have the following observations and proposals: 

Observation 1：Half duplex restriction exists in the scenario of coexistence of Tx/Rx of NR V2X and LTE V2X in the same UE in adjacent channels.  
Observation 2: The following issues shall be considered in the scenario of simultaneous transmission of NR V2X and LTE V2X: 1) UE limited Tx chain; 2) power imbalance between NR V2X and LTE V2X; 3) limited UE output power. 
Proposal 1: When there is IDC (in-device coexistence) issue in vehicle UE, the UE shall determine the prioritization between NR V2X and LTE V2X to handle the IDC issue. 

Proposal 2: If different QoS mechanism is used between NR V2X and LTE V2X, the mapping between the PPPP and QoS parameter in NR V2X shall be investigated. 
Proposal 3: If the UE cannot handle the IDC issue by itself, then the coordination procedure with/without network between NR V2X and LTE V2X shall be investigated to enable the TDM or FDM solution between LTE V2X and NR V2X.

Proposal 4: Some assistance information (e.g. sidelink resource configuration of another link) could be reported by incoverage UE to network in order to resolve the IDC issue. Alternatively, coordination between the peer vehicle UEs via PC5 interface could be performed to resolve the IDC issue.
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