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Introduction
For the NR V2X work item, the WID has captured the following objective for in-device existence [1]:
· Solutions for ‘not co-channel’ in-device coexistence between LTE and NR sidelinks
· TDM-based solutions as per the study outcome [RAN1, RAN2, RAN4]
· FDM-based solutions with static power allocation as per the study outcome [RAN4]
· This will not consider the case where LTE and NR sidelinks are in the same frequency band.
· No impact to LTE specifications at least from RAN1 and RAN2 perspective.
In this contribution, we discuss TDM-based solutions per the study outcome [2] from RAN1 perspective. 
Discussion on TDM-based solutions for coexistence
Long term time-scale coordination for TDM solution
An example of long term coexistence is shown in Figure 1. The subframes used for LTE-V2X can be configured according to LTE specification, and the slots used for NR-V2X can be configured in a way that both the time resources are orthogonal. Timing alignment requirement would be needed to align the subframe boundary, with the detailed requirement provided by RAN4. For LTE and NR sidelinks, when the resource is configured for certain resource pool(s), both LTE and NR sidelink UEs may have no information on whether there is long-term coexistence being implemented or not. Some coordination would be necessary between gNB and/or eNB base stations, for example, to align the suitable resource allocation for LTE-V2X traffic and NR-V2X traffic. These operations can be done by operators, hence, no specific UE behavior can be seen to have any impact in the specification. 
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[bookmark: _Ref534910524]Figure 1. LTE-V2X and NR-V2X resource allocated by long term TDM coordination
Observation 1: Long term time-scale TDM coexistence can be supported without specific specification impact. 
Short term time-scale coordination for TDM solution 
For short-term time-scale coordination, resources are dynamically allocated to the NR-V2X module based on needs. This can cause some conflicts when both modules need to use the same resource for transmission, or one module needs the resource for transmission and the other module for reception. For short time-scale coordination, our understanding is following: 
· Tx/Tx overlap: At one time (a subframe for LTE or a slot for NR), only one RAT will be transmitted for the same carrier.
· Tx/Rx overlap: At one time (a subframe for LTE or a slot for NR), if a sidelink is transmitting, another sidelink cannot be receiving for the same carrier or the adjacent carriers without far enough frequency separation (half-duplex limitation) vice versa.
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[bookmark: _Ref534908435]Figure 2. NR-V2X module transmission instance for short time-scale coordination

Both for Tx/Tx and Tx/Rx overlap, as pointed by the RAN1#96 meeting, it can only be supported when the load for the UE from LTE side and from NR side is at or below an acceptable level.
Proposal 1: To support the short term time-scale coordination, at least the load information of the LTE-V2X should be known to the NR-V2X module by UE internal implementation without specification impact.
For Tx/Tx overlap, the higher level priority should be compared to decide which RAT would be dropped, for example by UE implementation way. While the QoS rules of NR-V2X and LTE-V2X are different in certain cases. A UE cannot directly compare the priority between LTE-V2X and NR-V2X in general due to the mixed used per-packet and per-flow QoS. Hence some relative priority threshold should be defined. For example, for LTE-V2X, the traffic can be divided into basic safety messages and non-safety messages. While for NR-V2X traffic, some priority thresholds can be defined or configured. Furthermore, the dropping behaviors can be up to UE implementation while the threshold can be configured by NR-V2X. To protect the LTE-V2X safety related messages, we think only non-safety LTE-V2X messages can be dropped.
Proposal 2: For Tx/Tx overlap, when the data packet in LTE-V2X is a non-safety message, packet priority thresholds can be defined for NR-V2X to decide which RAT will be dropped.
· The priority threshold can be configured for NR-V2X, and dropping operation is up to UE implementation. 

For Tx/Rx overlap, if the LTE or NR V2X packet is SPS, then the UE can use the data packet priority to make decision. If the data packet is aperiodic, it is hard to make decision, since the UE cannot know the coming aperiodic data packet priority before detection. To control the negative impact on the LTE-V2X system working, one simple method is to set the LTE-V2X to have higher priority.

Proposal 3: For Tx/Rx overlap, when the receiving traffic in one sidelink is SPS, priority based solution can be used, otherwise, the LTE-V2X always has higher priority. 
· The priority threshold can be configured for NR-V2X, and dropping operation is up to UE implementation. 
For Rx/Rx overlap, since the numerologies will be different in general between LTE-V2X and NR-V2X whether to drop any RAT is up to UE capability. If a UE has separate RF modules for LTE-V2X and NR-V2X, the reception can be done separately. If a shared RF chain is used for both LTE-V2X and NR-V2X, since the LTE-V2X data packet priority is unknown to the receiver, hence the LTE-V2X should be prioritized always. 
Proposal 4: For Rx/Rx overlap, 
· If UE has separate RF chains for LTE-V2X and NR-V2X, then it can receive both data. 
· If UE has a shared RF chain for LTE-V2X and NR-V2X, LTE-V2X always has higher priority.

Conclusion
In this contribution, we discuss the TDM-based in-device non-cochannel coexistence issues. The following conclusions are made:  
Observation 1: Long term time-scale TDM coexistence can be supported without specific specification impact. 
Proposal 1: To support the short term time-scale coordination, at least the load information of the LTE-V2X should be known to the NR-V2X module by UE internal implementation without specification impact.
Proposal 2: For Tx/Tx overlap, when the data packet in LTE-V2X is a non-safety message, packet priority thresholds can be defined for NR-V2X to decide which RAT will be dropped.
· The priority threshold can be configured for NR-V2X, and dropping operation is up to UE implementation. 
Proposal 3: For Tx/Rx overlap, when the receiving traffic in one sidelink is SPS, priority based solution can be used, otherwise, the LTE-V2X always has higher priority. 
· The priority threshold can be configured for NR-V2X, and dropping operation is up to UE implementation. 
Proposal 4: For Rx/Rx overlap, 
· If UE has separate RF chains for LTE-V2X and NR-V2X, then it can receive both data. 
· If UE has a shared RF chain for LTE-V2X and NR-V2X, LTE-V2X always has higher priority.

References
[bookmark: _Ref525804019][bookmark: _Ref525656733][bookmark: _Ref520448007][bookmark: OLE_LINK3][bookmark: _Ref513023823][bookmark: _Ref509941210]RP-190766, “New WID on 5G V2X with NR sidelink”, LG Electronics, Huawei, RAN#83, Shenzhen, China, March, 2019.
[bookmark: _Ref4416694]TR38.885 v2.0.0, “Study on Vehicle-to-Everything”, March, 2019.

Annex: agreements for TDM-based coexistence
The agreements in RAN1#94bis meeting:
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.
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

The agreements in RAN1#AH1901 meeting:
Agreements:
· For TDM solutions for in-device coexistence between LTE and NR V2X:
· Time Alignment
· Subframe boundary alignment is required between LTE and NR V2X sidelinks
· Both LTE and NR V2X sidelinks are aware of the time resource index (e.g., DFN for LTE) in both carriers
Agreements:
· For long term time scale TDM solutions for in-device coexistence between LTE and NR V2X:
· For a UE with coexistence impact, non-overlapping (in time domain) resource pools are (pre-)configured for NR V2X and LTE V2X sidelinks
· No information is exchanged between LTE and NR sidelinks within the UE
· Long term time scale TDM solution is feasible from RAN1 point of view
· Note: although feasible, it is expected that such a solution may have impact on latency, reliability and data rate requirements for some applications 
· No additional modifications to LTE specifications are needed

Agreements:
Assuming SPS scheduling (mode -3 or mode-4) for LTE V2X, for short time scale TDM solutions for in-device coexistence for V2X,
· For each occurrence of Tx/Tx overlap, one RAT is prioritized over another 
· This requires some information exchange between LTE and NR sidelinks within the UE
· FFS: whether the information exchange between LTE and NR sidelinks can support this requirement
· FFS: if there is impact to RAN1 LTE specification with this agreement
· FFS: whether this solution can be up to UE implementation
· For each occurrence of Tx/Rx overlap, one RAT is prioritized over another 
· This requires some information exchange between LTE and NR sidelinks within the UE
· FFS: if there is impact to RAN1 LTE specification with this agreement
· FFS: whether this solution can be up to UE implementation
· FFS: If determination of priority for Rx operation is feasible and whether the information exchange between LTE and NR sidelinks can support this requirement

The agreements in RAN1#96 meeting:
Agreements:
· From RAN1 point of view, short term TDM solutions for NR and LTE V2X in-device coexistence is considered to be feasible for a UE when the load for the UE from LTE side and from NR side is at or below an acceptable level
· For each occurrence of Tx/Tx overlap and of Tx/Rx  overlap, one RAT is prioritized over another
High-level principles of prioritization (e.g., BSM is deemed to have a higher priority, etc.) of LTE/NR can be discussed during the WI phase, while it is expected that detailed solutions may be left for implementation
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