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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 further details of TDM-based in-device coexistence solutions. 
Short term time-scale coordination for TDM solution 
Tx/Tx overlap
RAN1#96bis meeting reached the following working assumption:
Working assumption:
· For Tx/Tx overlap, 
· If packet priorities of both LTE and NR sidelink transmissions are known to both RATs prior to time of transmission subject to processing time restriction, then the packet with a higher relative priority is transmitted 
· In case the priorities of LTE and NR SL transmissions are the same, then it is up to UE implementation as to which transmission is chosen (e.g., taking into account congestion, etc.)
· If packet priorities of both LTE and NR sidelink transmissions are not known to both RATs prior to time of transmission subject to processing time restriction, then it is up to UE implementation to manage Tx/Tx overlaps (e.g., LTE transmissions are always prioritized, etc.)
· RAN1 does not assume any impact to LTE physical layer specifications
At RAN1 #97 meeting, further agreement is reached:
Agreements:
· For Tx/Tx overlap,
· Confirm the working assumption made in RAN1#96bis
· [bookmark: OLE_LINK6]UE capability is defined for short-term time-scale TDM for in-device coexistence
[bookmark: OLE_LINK7]According to the agreement, priority information is used to decide which RAT transmission is prioritized. In addition, one problem is raised in contribution [3] on how a UE assumes the priority for the following sidelink channel transmission, for example, synchronization signal, PSFCH, PSSCH with CSI transmission. The scenarios of this issue can be explained in figure 2.
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Figure 2. Overlapping of LTE sidelink and NR sidelink
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Table1. Overlapping scenarios of LTE and NR sidelinks
As shown in Table 1, 4 scenarios of LTE-NR overlap including synchronization signal/PSBCH and other sidelink channels need to be discussed, and the issue is same for Tx/Tx or Tx/Rx overlapping. The current agreement is applied to solve the issue in scenario 4, but the issue in scenario 1, 2 and 3 is not yet solved.
[bookmark: OLE_LINK8]Prioritization rule of overlapping of synchronization signal/PSBCH and sidelink transmissions
For scenario 2 and 3, in case of overlapping of synchronization signal/PSBCH of one RAT and sidelink transmission of the other RAT, some conditions should be considered before defining the priority rule of synchronization signal/PSBCH and sidelink transmissions. For example, whether there has been loss of synchronization or not, whether feedback information (HARQ, CSI) is included in PSFCH or PSSCH, and so on. To simplify the priority rule, the LTE or NR sidelink which is conveying data with higher priority can be given priority for transmission of its synchronization, especially for periodic data transmissions. Then, the rule defined in current Tx/Tx overlapping agreement can be reused.
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Figure 3. The prioritization of synchronization signal/PSBCH
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Figure 4. Prioritization of synchronization signal/PSBCH

For scenario 1, LTE sidelink synchronization signal/PSBCH is overlapping with NR sidelink synchronization signal/PSBCH. Since the synchronization source of LTE SL can be GNSS, eNB, or UE, and the synchronization source of NR SL synchronization can be GNSS, eNB, gNB, or UE, the prioritization rule for overlapping of synchronization signals of LTE and NR sidelinks needs to be considered. When UE is out-of-coverage in one RAT and synchronization source is GNSS, synchronization signal/PSBCH in this RAT should have higher priority than that of the other in-coverage RAT. When UE in one RAT loses synchronization, then synchronization signal/PSBCH in that RAT should have higher priority. These rules may be too complicated for implementation, however. Thus we can take the rule proposed above as a general rule, i.e. synchronization/PSBCH is always treated with the same priority as the most recent PSCCH/PSSCH transmission on its sidelink.
For NR sidelink traffic, aperiodic transmissions together with periodic transmissions are both present. As shown in Figure 4, there is a possibility that no PSCCH/PSSCH is transmitted for some time before synchronization/PSBCH transmission. A default priority is (pre-)configured for synchronization/PSBCH transmission in case of this situation. Similarly, the agreed priority rule is reused.
Proposal 1: Transmission of synchronization/PSBCH is treated as having the same priority as the most recent transmission of PSCCH/PSSCH on the same RAT, or a (pre-)configured priority is assumed if there is no recent PSCCH/PSSCH.  This priority is used according to the agreed rule when Tx/Tx overlap occurs.

Tx/Rx overlap
For Tx/Rx overlap, if the LTE or NR V2X transmission is SPS, the UE can use the transmission priority to make the decision. It is not practical to get all the priority information to the receiver or transmitter. Furthermore, if the traffic is aperiodic, it is hard to make any decision, since the UE cannot know of or about the coming aperiodic transmission priority before detection. On the other hand, even for LTE-V2X, the receiver UE cannot know all the coming data priority. The same situation applies to the NR-V2X receiver, especially for mode 2. For mode 1 in NR-V2X or mode 3 in LTE-V2X, there still are many different transmitters in the resource pool. To control the negative impact on the LTE-V2X system, the simplest method is to define LTE-V2X to have higher priority.
Proposal 2: For Tx/Rx overlap, LTE-V2X always has higher priority. 

At RAN1#97 meeting, an issue is raised whether to define a metric of LTE or NR traffic load to determine the use of the short time scale TDM solution [4]. As agreed at RAN1 #97 meeting, UE capability is defined for short-term time-scale TDM for in-device coexistence. Further, whether short-term time-scale TDM is supported depends on deployment of the two RATs, and all the UEs under this deployment work in short-term time-scale TDM for some time. It is not reasonable or necessary to use some metric (e.g. CR) for determining the use of the short time scale TDM solution from a UE side.
Proposal 3: It is not necessary to use a metric (e.g. CR) for determining the use of the short time scale TDM solution from a UE side.
Coexistence with network involvement
[bookmark: OLE_LINK10]At RAN1#97 meeting, issue related to coexistence with network involvement is summarized in [4]. UE can report the capability for short-term time-scale TDM for in-device coexistence. If the UE supports short-term time-scale TDM, the defined overlapping handling method can be realized by relying on UE implementation for situations with or without network coverage.
Furthermore, it is not possible to require an LTE-V2X UE to give any new reports to the network. It is also not necessary for LTE Mode-4/ NR Mode-1 Tx/Tx overlapping to support reporting the dropped NR transmissions due to RAT prioritization to gNB. Data packet dropping can be done by the NR-V2X Tx UE in an implementation way.
Proposal 4: No need to support network assistance to deal with potential conflicts. 

Conclusion
In this contribution, we discuss the TDM-based in-device non-cochannel coexistence issues. The following conclusions are made:  
Proposal 1: Transmission of synchronization/PSBCH is treated as having the same priority as the most recent transmission of PSCCH/PSSCH on the same RAT, or a (pre-)configured priority is assumed if there is no recent PSCCH/PSSCH.  This priority is used according to the agreed rule when Tx/Tx overlap occurs.
Proposal 2: For Tx/Rx overlap, LTE-V2X always has higher priority. 
Proposal 3: It is not necessary to use a metric (e.g. CR) for determining the use of the short time scale TDM solution from a UE side.
Proposal 4: No need to support network assistance to deal with potential conflicts. 
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