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1 Introduction
In RAN1#94 meeting, the following agreements has been reached regarding the co-existence study of LTE V2X an 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: 
· [bookmark: _Hlk525802259]TDM of LTE V2X and NR V2X sidelink transmissions
· FDM of LTE V2X and NR V2X sidelink transmissions
In this paper, we analyse the pros and cons of each potential solutions. Based on the analysis, the option TDM of LTE V2X and NR V2X sidelink transmissions is recommended.
2 FDM of LTE V2X and NR V2X
From a UE point of view, the purpose of having concurrent LTE V2X transmission and NR V2X transmission is: (1) increase single UE capacity, (2) reduction in half duplex and (3) simpler multiple access since each technology can perform resource selection independently without worrying about the other. 
2.1 Increase Single UE Capacity
We observe that increase in single UE capacity is not applicable, since LTE V2X and NR V2X target different set of application. So, traffic from the same application cannot be separated into two flow, each following different RAT and then combined at the application layer.
Observation 1: There is no traffic offloading between LTE V2X and NR V2X
2.2 Reduction in Half Duplex
 Since the approximated ON time of LTE V2X is quite limited, around 1%, the gain from half duplex reduction can be quite limited. For example, it is fair to assume a 5-10% ON time ratio for NR V2X. Without concurrent LTE-NR V2X transmission, the aggregated ON time of the 2 technologies is 6-11%, and with concurrent LTE-NR V2X transmission is at least 5-10%. 
Observation 2: The reduction in half duplex due to concurrent NR V2X and LTE V2X is limited
2.3 Simpler Multiple Access
Since LTE V2X and NR V2X may potentially use different numerology, it’s likely that they will operate asynchronously with each other. Furthermore, as they share the same spectrum at 5.9GHz, single PA implementation is infeasible in this case. Even when we consider separate PA implementation, asynchronous transmission will lead to partial overlap, similar to dual connectivity or LTE/NR EN-DC, and a certain “look ahead” rule, on top of the usual power sharing rule and priority rule, is need for UE to reserve enough power for both technologies. Also, as UE has to “look ahead”, the resource selection of each technologies is not independent any more. Also, this “look ahead” rule and the power sharing rule would forbid concurrent implementation of R15 LTE V2X and NR V2X, since this rule is not defined from Rel15 and before.
Observation 3: For concurrent NR V2X and LTE V2X, a single PA implementation is infeasible due to transient time issues. For separate PA implementations, resource selection procedures are as complicated as non- concurrent NR V2X and LTE V2X.
Observation 4: Concurrent NR V2X and LTE V2X transmissions are not backward compatible for LTE V2X.
3 [bookmark: _Hlk525802761]TDM of LTE V2X and NR V2X
TDM option has the slight drawback of extra ON time. But as pointed out in Section 2, the increase in ON time is very small. In TDM option, the resource selection of each technology can still be as independent as possible, with the exception of when collision happens.
As the transmission time of LTE V2X is low in intensity and predictable in pattern, NR V2X can easily try to avoid the resource that LTE V2X has reserved. Furthermore, NR V2X TTI is likely to be shorter than the LTE V2X TTI, so NR V2X transmission is more likely to happens after LTE V2X transmission has started. In this case, again, NR V2X can simply wait until the current LTE V2X transmission stop before selecting its own resource.
[image: ]
For the case the LTE V2X and NR V2X attempt to start at the same time, then a certain priority rule is needed to decide which technology can transmit. Due to backward compatibility reason, and to the fact that LTE V2X service basic safety application, we think it’s appropriate to give the priority to LTE V2X. For a certain class of traffic in NR V2X that have very high priority and/or tight delay requirement, giving priority to NR V2X can also be considered. 
[bookmark: _GoBack]Observation 5: Non- concurrent NR V2X and LTE V2X has slightly higher half duplex loss.
Observation 6: Non- concurrent NR V2X and LTE V2X has much less specification complexity and allow for single PA implementation
Proposal 1: Consider only TDM of LTE V2X and NR V2X as the solution for coexistence.
Proposal 2: In case of collision, whichever technology transmissions that start first will have the priority.
Proposal 3: If two technologies start transmission as the same time, consider giving priority to LTE V2X most of the time.
Proposal 4: If two technologies start transmission as the same time, FFS if priority is given to NR V2X for a certain QoS class.
4 Operation in Mode 3
When a UE with both LTE V2X and NR V2X modem operates in mode 3, there is possibility of cross RAT scheduling, i.e. LTE eNodeB can schedule resource for both LTE V2X and NR V2X and/or NR gNodeB schedule resource for both NR V2X and LTE V2X. Such an arrangement allow for easy coexistence between the 2 technologies since eNodeB/gNodeB is aware of resource usage of each technology and can schedule them in a non overlapping manner.
Whenever an NR SL resource grant is received via LTE downlink, the LTE UE stack need to demodulate the grant information and then send it to the NR UE stack. So some delay should be expected. This delay include the grant processing delay (4ms for LTE) and the inter-stack communication delay. The same analysis applies for the case LTE sidelink grant is received via NR downlink. As the inter-stack communication delay is UE implementation specific, UE need to be able to inform the eNodeB/gNodeB to ensure that no bad resource grant should be received due to large processing delay. For example, if eNodeB knows that inter-stack communication delay is 2ms, it will avoid sending a grant for N+6 millisecond with N is the current time in millisecond. On the other hand, a certain cap of X millisecond can be imposed on the inter-stack communication delay to avoid bad UE implementation. Such cap can be pre-configured or can be enforced by network via signalling.
Observation 7: In mode 3, LTE eNodeB can schedule resource for both LTE V2X and NR V2X and/or NR gNodeB schedule resource for both NR V2X and LTE V2X.
Observation 8: In mode 3 with cross RAT scheduling, TDM of LTE V2X and NR V2X SL can be achieved by letting network schedule non overlap resources for each of the technologies.
Observation 9: For cross RAT scheduling, there is extra grant processing delay due to inter RAT stack communication.
Proposal 5: Define signalling for UE to inform eNodeB/gNodeB its cross RAT grant processing time. 
Proposal 6: FFS a cap of X millisecond on cross RAT grant processing time. X can be preconfigured or configured by network signalling.
5	Conclusion
In this paper, we analyse the pros and cons of each potential solutions. Based on the analysis, the option TDM of LTE V2X and NR V2X sidelink transmissions is recommended.
Observation 1: There is no traffic offloading between LTE V2X and NR V2X
Observation 2: The reduction in half duplex due to concurrent NR V2X and LTE V2X is limited
Observation 3: For concurrent NR V2X and LTE V2X, a single PA implementation is infeasible due to transient time issues. For separate PA implementations, resource selection procedures are as complicated as non- concurrent NR V2X and LTE V2X.
Observation 4: Concurrent NR V2X and LTE V2X transmission is not backward compatible for LTE V2X.
Observation 5: Non- concurrent NR V2X and LTE V2X has slightly higher half duplex loss.
Observation 6: Non- concurrent NR V2X and LTE V2X has much better specification complexity and allow for single PA implementation
Proposal 1: Consider only TDM of LTE V2X and NR V2X as the solution for coexistence.
Proposal 2: In case of collision, whichever technology transmissions that start first will have the priority.
Proposal 3: If two technologies start transmission as the same time, consider giving priority to LTE V2X most of the time.
Proposal 4: If two technologies start transmission as the same time, FFS if priority is given to NR V2X for a certain QoS class.
Observation 7: In mode 3, LTE eNodeB can schedule resource for both LTE V2X and NR V2X and/or NR gNodeB schedule resource for both NR V2X and LTE V2X.
Observation 8: In mode 3 with cross RAT scheduling, TDM of LTE V2X and NR V2X SL can be achieved by letting network schedule non overlap resources for each of the technologies.
Observation 9: For cross RAT scheduling, there is extra grant processing delay due to inter RAT stack communication.
Proposal 5: Define signalling for UE to inform eNodeB/gNodeB its cross RAT grant processing time. 
Proposal 6: FFS a cap of X millisecond on cross RAT grant processing time. X can be preconfigured or configured by network signalling.
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Potential LTE V2X transmission start





