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Introduction
The issue of In-Device coexistence has been extensively debated in RAN1 over meeting #94 and 94bis. In summary, the agreements were reaches so far are:
Agreements:
· 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.
Agreements:
· 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

Agreements:
· 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

In this paper, we provide our overall view on in Device Coexistence. We also take a closer look at the TDM solution and provide further input on mechanism to enable this solution. The organisation of the paper is as follows:
· Section 2 is overview of FDM type of solution.
· Section 3 is overview of TDM type of solution
· Section 4 contain more detail on how TDM between LTE V2X and NR V2X can be achieved.
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 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.
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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.

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. 
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.
Solution to Enable TDM 
We further discuss in this section solution to enable in-device coexistence between LTE V2X and NR V2X in a TDM manner. Our principle is that every solution should aim for minimal change to LTE V2X specification.
Proposal 5: Aim for minimizing LTE V2X specification change.
Moreover, even though the solution is TDM base, it worth mentioning that completely avoiding collision between LTE V2X transmissions and NR V2X transmissions is impossible due to 2 reasons. First, every time a resource selection procedure is triggered for LTE V2X, there is a period of uncertainty where NR V2X cannot know where will the next LTE V2X transmission will be. This uncertain period is caused by the delay needed to communication information about resource selection result from LTE V2X stack to NR V2X stack. Secondly, there can also be one shot transmission for LTE V2X. Again, in this case, if the selected resource is x millisecond away and x is less than inter stacks communication time then NR V2X has no information to avoid that resource.
Thus, TDM based solution should not aim at eliminating transmission collisions completely, but to minimize them. The main difference between TDM based solution and FDM based solution is that we do not optimize the requirements on the UE in the case of collision. In other words, the UE behavior when there can be potential collision (i.e. when NR v2X stacks does not have information about future LTE V2X stack resource selection and vice versa) can be left totally to UE implementation. This will reduce specification and UE implementation complexity significantly. Of course, the performance when collision does happen can be sub-optimal, but since the number of collisions is minimized to very small already, the overall system impact will also be negligible.  
Proposal 2: Aim for minimizing the collision between LTE V2X and NR V2X.
Proposal 3: The behavior when LTE V2X and NR V2X transmissions collide can be left to UE implementation.
In the following, we will analyze the solution to minimize LTE V2X and NR V2X transmission collision in 4 different scenarios 
Scenario 1
In this scenario, LTE V2X is operating in Mode 4 and NR V2X is operating in Mode 2, e.g. both autonomously selecting their corresponding resources. Some information can be exchanged inter stacks within the UE to avoid transmission collision, but since all this happens within the UE, not much specification support is needed in term of signaling. However, there should be a cap on the number of transmission collisions between 2 technologies. However, such task belongs to RAN4.
On the other hand, some concrete form of information exchange between 2 technologies and some well-defined UE behavior when receiving such information can also be specified. Such type of solution can be considered if: 1)the complexity is reasonable, 2) the system performance benefit is clear and 3) it is necessary that all UEs have to follow the same procedure to guarantee system performance. Among the above criteria, 3) is the most important, similar to the resource selection procedure defined for LTE V2X. 
Proposal 4: FFS if some UE procedure is needed to enhance coexistence.
Scenario 2
In this scenario, LTE V2X is operating in Mode 3 (e.g. eNB scheduling resources) and NR V2X is operating in Mode 2. In this mode, LTE V2X will forward the grant information to the NR V2X stack whenever a grant is received. So in essential the solution is similar to Scenario 1. 
Observation 7: Same solution as the case LTE V2X operating in mode 4, NR V2X operating in mode 2 can be applied to the case LTE V2X operating in mode 3, NR V2X operating in mode 2.
Scenario 3
In this scenario LTE V2X is operating in mode 4 (autonomous resource selection), NR V2X is operating in mode 1 (gNB scheduling resources). In this case, whenever there is a triggered resource selection, LTE V2X stack forwards all necessary information to NR V2X stack. Then, NR V2X stack forwards information to gNB, so that gNB can schedule NR V2X resource in a way to avoid known LTE V2X transmissions. To achieve this, a reporting mechanism need to be defined.
Proposal 5: when NR V2X is in Mode 1, define reporting mechanism to report information regarding potential future LTE V2X transmissions. FFS actual reporting information.
As LTE V2X timeline may be different from gNB timeline, e.g. LTE V2X is synchronized to GNSS and gNB is following its own time reference, the reported information must be translated to gNB timeline. One possibility is that the UE do the translation by itself. Alternatively, information about LTE V2X timeline can also be reported (synchronization mode, DFN, SFN, etc.) and gNB can do the timeline conversion.
Observation 8: when NR V2X is in Mode 1, reported information regarding potential future LTE V2X transmissions need to be translated to gNB timeline.
Proposal 6: when NR V2X is in Mode 1, either UE can do the translation from LTE timeline to gNB timline or information about LTE timeline can also be reported.
Scenario 4
In this scenario LTE V2X is operating in mode 3 (e.g. eNB scheduling resources), NR V2X is operating in mode 1 (gNB scheduling resources). This scenario is deprioritized since it fall into EN-DC type of scenario, i.e. UE connected to both LTE Uu and NR eMBB at the same time. However, the analysis is still covered here for completeness.
Following the analysis in scenario 2, we can also conclude that the same solution for scenario 3 can be reused for scenario 4.
Observation 9: Same solution as the case LTE V2X operating in mode 4, NR V2X operating in mode 2 can be applied to the case LTE V2X operating in mode 3, NR V2X operating in mode 2.
One simplification in this case is that the reported information can simply be defined as the LTE resource grant. Of course, the reference timeline in the grant must be converted from LTE Uu timeline to NR eMBB timeline.
Observation 10: When NR V2X is in Mode 1 and LTE V2X is in mode 3, the reported information can simply be defined as the LTE resource grant. The reference timeline in the grant must be converted from LTE Uu timeline to NR eMBB timeline.
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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: Aim for minimizing the collision between LTE V2X and NR V2X.
Proposal 3: The behavior when LTE V2X and NR V2X transmissions collide can be left to UE implementation.
Proposal 4: RAN1 to define what is potential transmission collision between LTE V2X and NR V2X.
Proposal 5: FFS if some UE procedure is needed to enhance coexistence.
Observation 7: Same solution as the case LTE V2X operating in mode 4, NR V2X operating in mode 2 can be applied to the case LTE V2X operating in mode 3, NR V2X operating in mode 2.
Proposal 6: Define reporting mechanism to report information regarding potential future LTE V2X transmissions. FFS actual reporting information.
Observation 8: Reported information regarding potential future LTE V2X transmissions need to be translated to gNB timeline.
Proposal 7: Either UE can do the translation or information about LTE timeline can also be reported.
Observation 9: Same solution as the case LTE V2X operating in mode 4, NR V2X operating in mode 2 can be applied to the case LTE V2X operating in mode 3, NR V2X operating in mode 2.
Observation 10: The reported information can simply be defined as the LTE resource grant. The reference timeline in the grant must be converted from LTE Uu timeline to NR eMBB timeline.
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