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[bookmark: _Ref513464071]Introduction
The coexistence of LTE V2X sidelink and NR V2X sidelink has been discussed in the past several RAN1 meetings [1], [2], [3], [4]. 
In RAN1 Ad-Hoc meeting #1901 [4], the following agreements have been made
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
Agreements:
· Inter-band FDM Solutions for coexistence
· For static power assignment of Pc,max for each carrier
· [bookmark: _Ref534810133]Synchronization is not assumed for inter-band coexistence of NR sidelink and LTE sidelink.
· This FDM solution is feasible for resolution of Tx/Tx coexistence conflicts
· If the band separation is large enough (based on RAN4 indication), then this FDM solution for coexistence is feasible for Tx/Rx coexistence
· If the band separation is NOT large enough, then this FDM solution is not feasible for resolution of Tx/Rx coexistence conflicts
· For dynamic power sharing between carriers, 
· FFS details of FDM solutions and whether they are feasible
In this contribution, we discuss both TDM solutions and FDM solutions for the in-device coexistence of LTE and NR V2X sidelink transmissions.
Discussion
A single UE can support both LTE V2X service and NR V2X service. It is possible that this UE could have these two services active at the same time, in the UE’s dual mode. We shall discuss the in-device coexistence of LTE V2X sidelink and NR V2X sidelink in a dual mode UE.
TDM solutions
The simultaneous transmission on LTE V2X and NR V2X might be limited by the UE’s transmit capability, e.g., the number of TX chains, power and processing limitations, etc. The TDM solutions prevent simultaneous NR and LTE V2X sidelink transmission. 
Long time scale coordination
The coordination between LTE V2X sidelink transmission/reception and NR V2X sidelink transmission/reception could be long time scaled, i.e., the potential transmission time of LTE V2X and NR V2X is statically or quasi-statically determined. With the proper (pre-)configuration, the time resources for NR V2X sidelink transmissions have no overlap with the time resources for LTE V2X sidelink transmissions. It is concluded [4] that the long time scale TDM solution has no impact on LTE specifications. The main benefit of this scheme is the reduced information exchange between LTE V2X module and NR V2X module. 
However, this scheme could have low resource efficiency and reduced QoS. When some V2X data are ready to be transmitted on one sidelink, the device may still have to wait for the (pre-)configured transmission time allocated for this sidelink. This will introduce an additional delay and hence may not meet the data latency requirement. 
Consider an example of long time scale TDM coordination, where the subcarrier spacing for NR sidelink is 30 kHz. The LTE V2X sidelink resources are configured in the 2nd and 4th ms and the NR V2X sidelink resources are configured in the 1st, 3rd and 5th ms. A device uses the second slot of the 1st ms to send NR sidelink unicast data. It can receive the HARQ-NACK feedback in the first slot of the 3rd ms and make retransmission at the second slot of the 3rd ms at earliest. The reception of the HARQ-ACK feedback can be in the first slot of the 5th ms, which already breaks the 3 ms data latency requirements. If there are no LTE V2X sidelink data during the whole process, the 2nd and 4th ms can still not be utilized for NR V2X sidelink transmissions due to the configuration.


Figure 1: An example of long time scale TDM coordination

Observation 1: The long time scale TDM coordination has impact on latency requirements. 

Short time scale coordination
The short time scaled coordination could resolve the time overlap issue of LTE V2X sidelink transmission and NR V2X sidelink transmission in a dynamic way. It does not pose any unnecessary restrictions on sidelink transmissions when there is no time conflict between LTE and NR sidelink transmissions. 
Observation 2: The short time scale TDM coordination has better resource utilization than the long time scale TDM coordination.
In our view, the information exchange between LTE V2X module and NR V2X module is needed to achieve the short time scale coordination. However, the short time scale coordination does not necessarily have impact on RAN1 LTE specifications. In other words, the coordination could be applied only to the NR sidelink procedures to reduce the possibility of potential time overlap between NR sidelink transmission and LTE sidelink transmission/reception.
Consider a UE is in NR mode 1 for NR sidelink transmission and in LTE mode 4 for LTE sidelink transmission. In this case, the NR sidelink transmission is scheduled by network (e.g., gNB). It is beneficial that the network supports a coordinated scheduling scheme such that the simultaneous transmission on NR sidelink and LTE sidelink is avoided in TDM solutions. To facilitate the network coordination, some assistance information can be provided by the UE to the network. For example, a UE may notify network that it is in dual sidelink mode, so that a coordinated scheduling scheme is used. The UE may inform the network about its synchronization source and resource reservations (e.g., periodic scheduling) in LTE sidelink. 
The similar scheme can be applied to the case of potential NR sidelink transmission and LTE sidelink reception. A mode 1 UE receives NR sidelink transmission scheduling from the network (e.g., gNB). If the UE is also receiving or monitoring some important data from LTE sidelink, it reports LTE sidelink reception timing and data priority to the network to assist network’s scheduling to avoid simultaneous NR sidelink transmission and LTE sidelink reception, which is not possible due to half duplex limitations when LTE sidelink and NR sidelink operate on adjacent channels. Note that the data priority of the potential LTE sidelink reception can be estimated based on the past LTE sidelink reception in the associated resources. 
Proposal 1: For a UE in NR mode 1, the network should support a coordinated scheduling scheme such that the simultaneous NR sidelink transmission and LTE sidelink transmission/reception is avoided in TDM solutions. Further study should be done of the coordination assistance information that UE should report to the network.
Consider a UE is in NR mode 2 for NR sidelink transmission and is in LTE mode 3 or mode 4 for LTE sidelink transmission. In this case, the NR sidelink transmissions are scheduled by the UE itself. The UE may reserve resources for LTE sidelink transmission, either from network scheduling (for LTE mode 3) or from UE autonomous selection (for LTE mode 4). The resource reservation in LTE sidelink should be considered in the UE’s NR sidelink resource selection procedure. Specifically, to avoid the simultaneous transmission on LTE sidelink and NR sidelink in TDM solutions, the time units overlapped by the reserved resources for LTE sidelink transmission should be excluded by the NR sidelink resource selection procedure.
The similar scheme can be applied to the case of potential NR sidelink transmission and LTE sidelink reception. A mode 2 UE autonomously selects NR sidelink transmission resources. If the UE is also receiving or monitoring some important data from LTE sidelink, it needs to consider the LTE sidelink reception timing and data priority in its NR sidelink resource selection procedure, so as to avoid simultaneous NR sidelink transmission and LTE sidelink reception.
Proposal 2: For a UE in NR mode 2, the UE’s NR sidelink resource selection procedure should consider the resource reservation in LTE sidelink transmission and reception.
With the coordination in the NR sidelink resource allocation procedures (for either mode 1 or mode 2 UEs), many potential time overlaps between NR sidelink transmission/reception and LTE sidelink transmission/reception can be avoided. There is still some chance that NR sidelink transmission and LTE sidelink transmission/reception have time overlap. In this case, some rules may be needed to down select between NR sidelink and LTE sidelink. 
The selection rule may depend on data QoS. In LTE V2X transmission, the data priority level is known to the physical layer and is also used in the resource selection procedure. It was agreed in [1] that the QoS parameters of priority, latency and reliability are relevant to NR V2X physical layer studies. The prioritization of NR sidelink over LTE sidelink could be dynamically determined by comparing the QoS of LTE data and NR data. For example, if the priority of NR data is higher than that of LTE data, or the latency requirement of NR data is below a certain threshold, then the NR sidelink operations should be prioritized. In another example, the priority and the latency of NR data are converged to a simple value and then compared with the priority of LTE data. 
The data QoS based prioritization can be applied to 1). LTE sidelink transmission and NR sidelink transmission; 2). LTE sidelink transmission and NR sidelink reception; 3) LTE sidelink reception and NR sidelink transmission.
Proposal 3: In short time scale TDM solutions, the prioritization between NR sidelink and LTE sidelink should be based on data QoS.

FDM solutions
Unlike the TDM solutions, the FDM solutions allow simultaneous NR and LTE V2X sidelink transmission. If the total original transmission power of LTE sidelink and NR sidelink exceeds the total device power, then power sharing of the LTE sidelink transmission and NR sidelink transmission may be applied. 
Static, semi-static or dynamic power sharing
The power sharing FDM solutions for LTE sidelink transmission and NR sidelink transmission can be either static, semi-static or dynamic. In the static power sharing solutions, the transmission power allocated to LTE and NR sidelink is fixed. In the semi-static power sharing solutions, the transmission power allocated to LTE and NR sidelink is (pre)configured. This avoids the interaction between LTE V2X module and NR V2X module, and hence reduces the implementation complexity. 
However, a static or a semi-static scheme may not satisfy the data QoS. For example, it does not guarantee the reliable transmissions of NR sidelink data with a certain minimum required communication range, as the transmission power for the NR sidelink is limited by the configuration. On the other hand, dynamic power allocation between LTE sidelink transmission and NR sidelink transmission can consider the data QoS and allocate the proper transmission power to each sidelink so that the data QoS requirement is met.
Proposal 4: For FDM solutions, RAN1 supports dynamic power sharing between LTE sidelink transmission and NR sidelink transmission.
QoS based power sharing between NR sidelink and LTE sidelink
The data QoS may be used to prioritize between NR sidelink and LTE sidelink, as described in Section 2.1.2. The prioritized sidelink could be allocated with relatively higher transmission power. For example, the prioritized sidelink may remain at the original transmission power while the deprioritized sidelink may have reduced transmission power such that the total device power is not exceeded. Alternatively, depending on data QoS, proportional transmission power reduction on both sidelinks may be applied. 
[bookmark: _Hlk524971274]Proposal 5: In dynamic power sharing FDM solutions, the power allocation on each sidelink depends on data QoS.
Potential LTE V2X reception and NR V2X reception
For the sidelink coexistence of potential LTE V2X reception and NR V2X reception, we think it can be handled by UE implementation and there is no specification impact. The only exception is that in NR V2X reception, a UE may send feedback in sidelink unicast or groupcast. In the case that LTE sidelink and NR sidelink are in the same band, we could apply the schemes developed in scenario 3. 
Proposal 6: The sidelink coexistence of potential LTE V2X reception and NR V2X reception is handled by UE implementation. 
Conclusion
In this contribution, we provided our views on the coexistence between LTE sidelink and NR sidelink. Our proposals and observation are as follows:
Observation 1: The long time scale TDM coordination has impact on latency requirements.
Observation 2: The short time scale TDM coordination has better resource utilization than the long time scale TDM coordination.
Proposal 1: For a UE in NR mode 1, the network should support a coordinated scheduling scheme such that the simultaneous NR sidelink transmission and LTE sidelink transmission/reception is avoided in TDM solutions. Further study should be done of the coordination assistance information that UE should report to the network.
Proposal 2: For a UE in NR mode 2, the UE’s NR sidelink resource selection procedure should consider the resource reservation in LTE sidelink transmission and reception.
Proposal 3: In short time scale TDM solutions, the prioritization between NR sidelink and LTE sidelink should be based on data QoS.
Proposal 4: For FDM solutions, RAN1 supports dynamic power sharing between LTE sidelink transmission and NR sidelink transmission.
Proposal 5: In dynamic power sharing FDM solutions, the power allocation on each sidelink depends on data QoS.
Proposal 6: The sidelink coexistence of potential LTE V2X reception and NR V2X reception is handled by UE implementation.  
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