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Introduction
In RAN #80 meeting [1], the following objective for coexistence in NR V2X study item is as follows:
	6:  Coexistence [RAN1]:  
· 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. 


In RAN1 #94 meeting [2], agreements were achieved for coexistence in NR V2X:
	Agreements:
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


In this contribution, we will discuss scenarios and issues of coexistence of NR sidelink and LTE sidelink in V2X.
Scenarios of coexistence of NR sidelink and LTE sidelink in V2X
In RAN1 #94 meeting, it is agreed that RAN1 will focus on the scenario that LTE sidelink and NR sidelink have coordinated procedures and half-duplex constraints are assumed. So there are two aspects should be considered as follows:
· Link coexistence
For this aspect, it should be studied to alleviate the cross-link interference. In RAN1 #94 meeting, two potential solutions of sidelink resource configuration were discussed as follows:
· TDM of LTE V2X and NR V2X sidelink transmissions
This solution could avoid the interference between LTE sidelink and NR sidelink. However, it would degrade the spectrum efficiency. As illustrated in Figure 1, assuming that the bandwidth of LTE channel and NR channel are the same, the spectrum efficiency is only 50% in this case. 
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Figure 1: TDM of LTE V2X and NR V2X sidelink transmissions
Observation 1: For the solution of TDM of LTE V2X and NR V2X sidelink transmissions, it would degrade the spectrum efficiency. 
· FDM of LTE V2X and NR V2X sidelink transmissions
A common principle for coexistence is NR sidelink and LTE sidelink work in the ‘not co-channel’ scenario. So the FDM solution should be a start point in the study of LTE sidelink and NR sidelink coexistence. However, the potential interference would impact on the transmission and reception between these two links. The study of in-device coordination mechanism should be based on this case.
Proposal 1: FDM of LTE V2X and NR V2X sidelink transmissions should be further studied.
· In-device coexistence considering coordination and half-duplex
In-device coexistence should be based on the solution of FDM of LTE V2X and NR V2X sidelink transmissions. The interference should be considered. According to the condition of interference, the in-device adaption mechanism should be further studied, including the issues of con-current transmission, power sharing, PSD configuration and mapping rules between PPPP and QoS. The half duplex should also be considered to be alleviated.
Issues of coexistence of NR sidelink and LTE sidelink in V2X
Interference
For inter-band case, the harmonic interference should be studied. The dedicated ITS band would be multiple of other band shared by V2X and cellular communication (e.g., 5.8G ITS band and 2.4G band 41).  When UE is transmitting LTE V2X in one carrier and receiving NR V2X at the other carrier, the n-th order harmonic interference would occur if NR V2X carrier frequency is n times that of LTE. The inter-modulation interference should also be considered.
Proposal 2: For inter-band coexistence of NR sidelink and LTE sidelink in V2X, harmonic interference should be further studied.
For intra-band case, in the non-co-channel scenario, when one of the two sidelink is performing transmission, in-band emission from the transmission would cause the interference to the other carrier’s reception. UE needs to have coherent transmission or reception on both carriers in the same time interval to avoid interference caused by intra-band emission.  The resource allocation mechanism needs to address the intra-band interference issues to align the NR V2X transmission and reception with those of LTE.  
Proposal 3: For intra-band coexistence of NR sidelink and LTE sidelink in V2X, the resource allocation mechanism needs to address the intra-band interference issues to align the NR V2X transmission and reception with those of LTE.  
Issue of con-current transmission
In NR sidelink, the service would be different from that of LTE sidelink. When the packets from different services arrive at the similar time, the selected resource may be overlapped in the time domain. Therefore, the probability of con-current transmissions in NR and LTE sidelink could be high.
In Rel-15 V2X CA, UE capability impacts on simultaneous transmissions in multiple carriers, which mainly includes the number of TX chains, power budget sharing capability and TX chain retuning capability.


Figure 2: The non-aligned slot case of con-current transmission
For coexistence of NR and LTE sidelink, because of the introduction of flexible numerology, the NR transmission slot would be shorter than LTE transmission TTI. For the intra-band case and the common PA structure, the con-current transmission within non-aligned slots as illustrated in Figure 2 would cause performance degradation of both LTE sidelink and NR sidelink. That is because phase discontinuity of transmitted signal would happen in the non-aligned slot case [3]. When the PA is shared, transmission power change of one CC may lead to the analog gain change of the shared PA, distorting the channel estimation and significantly degrading the performance of both LTE sidelink and NR sidelink. 
Observation 2: For the con-current transmission in the intra-band non-aligned slot case, shared PA would cause performance degradation of both LTE sidelink and NR sidelink.
While two PAs are supported, the interference, guard band and power sharing should be further considered.
Power sharing 
Dynamic power sharing has been specified in EN-DC of non-standalone NR. The triggering condition of power sharing would be that the total transmission power of LTE and NR exceeds the available total power of LTE-NR V2X dual connectivity. In NR, the operation of power sharing is to reduce the transmission power of SCG (Secondary Cell Group) or even drop the transmission of SCG when the power exceeds the maximum power of the UE power class.
For coexistence of NR sidelink and LTE sidelink, the following factors should be considered.
· Max TX power of NR sidelink. 
In coexistence of NR sidelink and LTE sidelink, the maximum TX power of NR sidelink and LTE sidelink should be individually configured to the UE power class (e.g. 23 dBm) with sum of the maximum Tx power exceeding the UE power class. This would allow dynamic power sharing among NR and LTE carriers. The determination of PC,MAX for NR and LTE would be studied by RAN 4. 
Proposal 4: Max TX power of NR sidelink should not be reduced. The determination of PC,MAX for NR and LTE would be studied by RAN 4. 
· The solution of power sharing.
In EN-DC of non-standalone NR, the dynamic power sharing is specified [4]. While for NR and LTE sidelink, both in-coverage case and out-of-coverage case should be supported. For in-coverage case, the dynamic power sharing and semi-static could be achieved by the base station. But for out-of-coverage case, dynamic power sharing would be performed based on pre-configuration rules. The adaption details should be further studied.
Proposal 5: The dynamic power sharing and semi-static power sharing can be the start points for in-coverage case and the pre-configured power sharing rules should be a start point for out-of-coverage case.
· The adaption details should be further studied.
PSD
RAN4 had shown the study results of intermods and reverse intermods on the ability of UEs to meet emission requirements for intra-band EN-DC and sent an LS to RAN1 [5].  The study results showed that power reduction techniques including MPR and A-MPR can be used to minimize the impact of these IMDs and RIMDs.  The MPR and A-MPR with equal PSD between LTE and NR and equal back-off for E-UTRA and NR is assumed in the RAN4 study. The equal PSD assumption is not consistent with RAN1 power control design in LTE and NR.   
While for intra-band NR and LTE sidelink, the configuration of PSD needs to be studied, which would impact on the performance of in-band emission. Based on the RAN4 LS, the equal PSD would do well to interference alleviation. However, in LTE V2X, PSCCH transmission has 3dB PSD boosting comparing with PSSCH transmission. Therefore, PSD configuration between NR and LTE sidelink should be further studied based on the study of multiplexing PSCCH and PSSCH.
Proposal 6:  PSD configuration between NR and LTE sidelink should be further studied based on the study of multiplexing PSCCH and PSSCH.
Half duplex impact for adjacent channel transmission
For in-device coexistence, if NR sidelink and LTE sidelink work in adjacent channels in one device, half duplex impact should considered. In Rel-15 LTE V2X carrier aggregation, half duplex impact is evaluated and shown that the system performance would be degraded [6]. Considering coexistence of NR sidelink technology and LTE sidelink technology, more carriers would be used for the advanced services. The more significant half duplex impact would appear in the coexistence scenarios. In addition, considering the new physical layer structure in NR V2X sidelink, e.g. the variable numerology and the dynamic slot format, the half duplex impact to the V2X performance would become more significant as illustrated in Figure 3. Therefore, the half duplex impact and solution for adjacent channel transmission should be further studied. The potential is to reduce the total number of transmission slots, e.g. to centralize the transmission slots of NR carriers and LTE carriers.


Figure 3: The more significant half-duplex impact for coexistence of NR and LTE sidelink
Proposal 7: The issue of half duplex for adjacent channel transmission considering coexistence of NR sidelink and LTE sidelink in V2X should be further studied. 
Synchronization for adjacent channel transmission
For intra-band NR sidelink and LTE sidelink, for the synchronization between NR V2X sidelink LTE V2X sidelink is critical to avoid the performance degradation caused by in-band emission and cross-interference.  The performance of the intra-band EN-DC would have stronger performance impact caused by NR V2X sidelink physical layer structure, such as half duplex impact, TX power sharing and TX dropping, comparing to that of LTE V2X multiple carrier scenarios. Considering non-synchronization impacts, the additional half duplex impact and TX power sharing are illustrated in Figure 4 and Figure 5 respectively.


Figure 4: The more significant half-duplex impact caused by non-synchronization


Figure 5: The more TX power sharing caused by non-synchronization
Therefore, synchronization for adjacent channel transmission should be further studied and timing alignment should be achieved between NR sidelink and LTE sidelink. However, NR synchronization design would be different from LTE synchronization mechanism. Considering NR V2X sidelink design, how to align the synchronization resources and how to perform the simultaneous SLSS transmission may be the details to be studied.
Proposal 8: Synchronization for coexistence of NR sidelink and LTE sidelink should be further studied, considering the NR sidelink synchronization design. 
· There should be a baseline that timing alignment should be achieved between NR sidelink and LTE sidelink.
Conclusion
In this contribution, the issues for coexistence of NR sidelink and LTE sidelink in V2X are discussed. Particularly, we have following proposals:
Observation 1: For the solution of TDM of LTE V2X and NR V2X sidelink transmissions, it would degrade the spectrum efficiency. 
Proposal 1: FDM of LTE V2X and NR V2X sidelink transmissions should be further studied.
Proposal 2: For inter-band coexistence of NR sidelink and LTE sidelink in V2X, harmonic interference should be further studied.
Proposal 3: For intra-band coexistence of NR sidelink and LTE sidelink in V2X, the resource allocation mechanism needs to address the intra-band interference issues to align the NR V2X transmission and reception with those of LTE.  
Observation 1: For the con-current transmission in the intra-band non-aligned slot case, shared PA would cause performance degradation of both LTE sidelink and NR sidelink.
Proposal 4: Max TX power of NR sidelink should not be reduced. The determination of PC,MAX for NR and LTE would be studied by RAN 4. 
Proposal 5: The dynamic power sharing and semi-static power sharing can be the start points for in-coverage case and the pre-configured power sharing rules should be a start point for out-of-coverage case.
· The adaption details should be further studied.
Proposal 6:  PSD configuration between NR and LTE sidelink should be further studied based on the study of multiplexing PSCCH and PSSCH.
Proposal 7: The issue of half duplex for adjacent channel transmission considering coexistence of NR sidelink and LTE sidelink in V2X should be further studied.
Proposal 8: Synchronization for coexistence of NR sidelink and LTE sidelink should be further studied, considering the NR sidelink synchronization design. 
· There should be a baseline that timing alignment should be achieved between NR sidelink and LTE sidelink.
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