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Introduction
[bookmark: _GoBack]The work item description [1] indicates RAN1 to work on the TDM-based solutions for the “not co-channel” in-device coexistence between LTE and NR sidelinks, while leaves the FDM-based solutions with static power allocation to RAN4. Also, RAN1 LTE specifications should not be impacted by this work. 
The TDM-based solutions for the coexistence of LTE V2X sidelink and NR V2X sidelink have been discussed in the RAN1 meeting [2]. The following conclusion and working assumption have been made. 
Conclusion:
· RAN1 does not see any specification impact for support of Long Term Time-Scale TDM for coexistence of NR and LTE sidelinks
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
In this contribution, we discuss TDM 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. We shall discuss the TDM solutions for in-device coexistence of LTE V2X sidelink and NR V2X sidelink.
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 [2] that the long time scale TDM solution has no impact on specifications. The main benefit of this scheme is the reduced information exchange between LTE V2X module and NR V2X module. 
However, this scheme could degrade data latency performance. 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
The long time scale TDM solution could also result in low resource efficiency and reduced data rates. With the configuration of time sharing between NR sidelink and LTE sidelink, the time resources for NR sidelink (or LTE sidelink) are restricted. When there are more NR sidelink traffic and less LTE sidelink traffic, the time resources allocated to LTE sidelink could not be used and hence are wasted. The data rates of NR sidelink traffic are reduced.
Observation 1: The long time scale TDM solution has impact on latency and data rates. 

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 solution has better resource utilization than the long time scale TDM solution.
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 LTE physical layer 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/reception and LTE sidelink transmission/reception.
[bookmark: _Hlk4329389]The short time scale TDM solution is feasible [4] when the traffic load of LTE and NR is at or below an acceptable level. To justify whether or when the short time scale TDM solution can be used, a metric of LTE or NR traffic load should be defined. A threshold on this metric could be configured so that if the metric is above the threshold, the short time scale TDM solution is not used.  
Proposal 1: A metric (e.g., CR) of LTE or NR traffic load is used to determine the use of the short time scale TDM solution. 

NR sidelink transmission for Mode 1 UE
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 2: For a NR mode 1 UE, gNB should support a coordinated scheduling scheme such that the simultaneous NR sidelink transmission and LTE sidelink transmission/reception is avoided in TDM solutions. 
Proposal 3: To facilitate gNB’s NR sidelink scheduling in coordination of LTE sidelink, a NR mode 1 UE should report to gNB its LTE sidelink resource reservation information, including the reservation timing and the data QoS associated with the reservation.

NR sidelink transmission for mode 2 UE
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 in 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 4: 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.

High-level principles of prioritization
For NR mode 1 UE with gNB’s sidelink scheduling in coordination of LTE sidelink, or for NR mode 2 UE’s sidelink resource selection procedure in coordination of LTE sidelink, many potential time overlaps between NR sidelink transmission 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. 
Furthermore, without modifications on LTE RAN1 and RAN2 specifications [1], the potential time overlaps between NR sidelink reception and LTE sidelink transmission cannot be avoided. In all these cases, some high-level principles will be needed to down select between NR sidelink transmission/reception and LTE sidelink transmission/reception.
The selection rule should depend on data QoS. For example, a V2X system should always try its best to ensure the basic safety message (BSM) is communicated among vehicles promptly. In other words, the BSM is deemed to have a higher priority in LTE or NR V2X sidelink. Note that the BSM can be delivered in either LTE V2X sidelink or NR V2X sidelink according to [1].  
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 [3] 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.
It is working assumption [2] that for LTE sidelink transmission and NR sidelink transmission time overlap, if the packet priorities of both LTE and NR sidelink transmissions are known to both RATs before transmission, then the packet with a higher relative priority is transmitted. Otherwise, it is up to UE implementation for prioritization. 
The similar data QoS based prioritization can also be applied to two other cases: 1). LTE sidelink transmission and NR sidelink reception; 2). LTE sidelink reception and NR sidelink transmission. Specifically, if the packet priorities of LTE (or NR) sidelink transmission and NR (or LTE) sidelink reception are known to both RATs before respective transmission/reception, then the packet with a higher relative priority is transmitted/received. Otherwise, it is up to UE implementation for prioritization. 
Proposal 5: In short time scale TDM solutions with transmission and reception time overlap, the prioritization between NR sidelink and LTE sidelink should be based on data QoS if it is known to both RATs. This does not have any impact on LTE physical layer specifications.

Conclusion
In this contribution, we provided our views on the TDM-based solutions for the coexistence between LTE sidelink and NR sidelink. Our proposals and observation are as follows:
Observation 1: The long time scale TDM solution has impact on latency and data rates. 
Observation 2: The short time scale TDM solution has better resource utilization than the long time scale TDM solution. 
Proposal 1: A metric (e.g., CR) of LTE or NR traffic load is used to determine the use of the short time scale TDM solution. 
Proposal 2: For a NR mode 1 UE, gNB should support a coordinated scheduling scheme such that the simultaneous NR sidelink transmission and LTE sidelink transmission/reception is avoided in TDM solutions. 
Proposal 3: To facilitate gNB’s NR sidelink scheduling in coordination of LTE sidelink, a NR mode 1 UE should report to gNB its LTE sidelink resource reservation information, including the reservation timing and the data QoS associated with the reservation.
Proposal 4: 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 5: In short time scale TDM solutions with transmission and reception time overlap, the prioritization between NR sidelink and LTE sidelink should be based on data QoS if it is known to both RATs. This does not have any impact on LTE physical layer specifications.
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