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For the NR V2X study item, the SID has captured the following objective for in-device existence [1]:
6:  Coexistence [RAN1]:  
· In-device coexistence: Study the feasibility of the coexistence mechanisms when NR sidelink and LTE sidelink technologies are equipped in the same vehicle for the ‘not co-channel’ scenario: 
· Advanced V2X services provided by NR sidelink coexisting with V2X service provided by LTE sidelink in different channels (i.e., not co-channel).  Not co-channel could include both adjacent channel and channels that are sufficiently far apart.

The following agreements were taken in RAN1#94bis [2] taken within the framework/assumption of the non-cochannel case in SID:
· 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.

· 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

· 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 contribution, we discuss the feasibility and potential solutions for the coexistence mechanisms when NR sidelink and LTE sidelink technologies are equipped in the same vehicle. 

Discussion on TDM coexistence
Synchronization for TDM solution
For the TDM solution, it was agreed at RAN1#94bis that the two systems were synchronized. However, synchronization accuracy and whether the time alignment should be at the slot level has to be further discussed.
When the LTE and NR sidelinks are TDMed, one issue is how to align their timing.  One solution is to use the same synchronization source both for LTE and NR sidelinks. For example, when GNSS is (pre-)configured to both LTE and NR sidelinks, the timing can be aligned. When different synchronization sources are used, the timing may be different, and needs to be aligned at the slot boundary level. This benefits the resource allocation between LTE-V2X and NR-V2X.
Another issue is the accuracy of time alignment/synchronization. For LTE, when a UE synchronizes to the eNB, the UE can derive the subframe/SFN according to the downlink timing. When a UE synchronizes to the GNSS, the subframe and DFN is derived by the following formula [3]:
DFN= Floor (0.1*(Tcurrent –Tref)) mod 1024
SubframeNumber= Floor (Tcurrent –Tref) mod 10
For NR sidelink, the slot number should be derived and different numerologies also should be considered. To facilitate the resource sharing between NR and LTE sidelinks, at least subframe level timing alignment should be achieved. Two potential solutions can be used: 
· Option 1: Network aligns the slot or subframe boundary for LTE and NR
· Option 2: UE derives the timing offset and aligns the timing

With option 1, the UE can assume that the two systems are time-aligned and does not need to maintain two different timings. Thus, we have a slight preference for option 1.
Proposal 1: For non-cochannel TDM coexistence solutions, LTE and NR V2X sidelinks are synchronized at DFN and subframe level. 
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Figure 1. LTE-V2X and NR-V2X arranged in a TDM way
When a UE supports both LTE-V2X and NR-V2X, there can be different degrees of in-device coexistence. The coordination between the two systems could be either long term or short time-scale. With short time-scale coordination, when the UE has to transmit a packet on a system (e.g., LTE-V2X), measures are taken on the other system on the neighboring carrier (e.g., NR V2X).  With long-term time-scale coordination, the resources between LTE-V2X and NR-V2X are partitioned on a long-term basis by a TDM manner, and individual packet transmissions follow the (quasi-)static resource allocation as shown in figure 1. 
In figure 1, different TDMed time resource are (quasi-)statically allocated for LTE-V2X and NR-V2X. For LTE-V2X mode 4, the sensing based operation can be done on the non-continuous (pre-)configured subframes. For LTE-V2X mode 3, the semi-persistent sidelink transmission can also be configured in the non-continuous (pre-)configured subframes. For NR-V2X mode 1, the similar mechanism as LTE mode 3 can be used. For NR-V2X mode 2, grant-free based resource selection schemes can also be used in the non-continuous slots. 
The potential issue for the long term time-scale TDM based coordination is the transmission delay would be large if non-continuous slots are configured for NR-V2X. No NR-V2X and LTE V2X resource will be overlapped in time domain. One possible solution is let the NR-V2X preempt the LTE-V2X time resource if the NR-V2X data packet priority has higher priority than LTE-V2X. For this solution, the potential impact on LTE-V2X needs to be carefully evaluated. 
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Figure 2. LTE-V2X and NR-V2X arranged in a coordinated way

In theory, short time-scale coordination may potentially provide higher resource efficiency. However, achieving dynamic resource allocation is difficult:
· It requires a lot of information exchange between the LTE-V2X and NR-V2X modules. If the two systems are deployed within the same chipset, this is not necessarily an issue, but if two different independent chipset modules are used, this puts severe constraints on the implementation. For example as shown in Figure 2, if LTE-V2X and NR-V2X use two separate modules, the LTE-V2X chipset will output some internal information to NR-V2X modules. Fast data exchange transfer is needed between the two modules. This would imply 3GPP specifications putting severe constraints on the LTE-V2X and NR-V2X chipset implementations.

· It may interfere with the LTE-V2X sensing procedure: a UE must listen to the medium for a continuous time window of 1 second. If there are interruptions due to dynamic NR-V2X transmissions, sensing will be affected. The resources where sensing was not performed can be marked as ‘occupied,’ but this will affect LTE-V2X performance. This is especially true if there are a lot of NR-V2X transmissions. On the other hand, with static allocation, the impact on sensing can be minimized. The LTE-V2X chipset module needs to adjust its behavior, which requires modifications of the existing LTE-V2X chipset design and LTE specification work for Rel-16. 

A lot of information exchange is expected, for example when the data packet is delivered to the LTE-V2X module lower layers, when to start sensing and what the sensing periodicity is within the 1s sensing window. When the NR-V2X UE gets this information, it can transmit or receive on the unused resources within the 1 second sensing window. Furthermore, the LTE-V2X module also needs to indicate the selected resource location to NR-V2X module in order that the NR-V2X does not receive its data at this time resource. If there is collision between NR-V2X reception and LTE-V2X transmission, and LTE-V2X transmission maybe paused, this information also needs to be indicated from the NR-V2X to LTE-V2X module. 
Observation 1: For TDM solutions with short time-scale coordination the following issues can be expected: 
· A lot of information exchange is required between LTE and NR sidelink modules.
· Negative impact on LTE-V2X sensing procedure.

Based on this analysis, we propose the following:
Proposal 2: For non-cochannel TDM coexistence solutions, only long term time-scale coordination between NR-V2X and LTE-V2X is studied further.

Discussion on FDM coexistence
Timing for FDM coexistence
If we consider the half-duplex limitation, only simultaneous transmission on both RATs or simultaneous reception on both RATs is allowed. From this point of view, the timing between NR and LTE sidelinks should be aligned. The same principle as in TDM can be applied. If the frequency separation between LTE-V2X and NR-V2X is far enough, aligning timings between the two systems is not required. This does not impact the power sharing at all, i.e. if a static transmission power is configured to LTE transmissions, the remaining power can be used for NR-V2X whether they are time aligned or not. 
Observation 2: For FDM coexistence, if the frequency separation between LTE-V2X and NR-V2X is far enough, the timing does not need to be aligned. 

FDM coexistence mechanism
There are half-duplex issues between NR-V2X and LTE-V2X. If carriers are adjacent or close to each other, when the UE transmits on one system, it cannot receive on the other one. Thus, for coexistence within the same band, the UE must either transmit at the same time for both systems, or risk losing a packet reception on one system when the UE is transmitting on the other system to another UE. 
Ensuring simultaneous transmissions on both systems is hard to achieve, especially if the two systems use different numerologies. In addition, it puts a lot of operational constraints on both systems. Thus, this solution seems hard to achieve in practice. Risking losing a packet reception on one system when the other is transmitting would severely affect system reliability. Essentially, it amounts to an amplified half-duplex problem. In addition, latency would suffer since a packet transmission on one system may be postponed if the time slot is due for reception on the other system. 
When the two systems have enough frequency separation, FDM coexistence might be possible. Whether it is possible to set enough frequency separation within a band (e.g., band 47) to remove the half-duplex limitation is unclear to RAN1. For the same band, the power will be shared between LTE-V2X and NR-V2X. Part of the transmission power will be used for one of the transmission sidelink RATs. The coverage of LTE and NR-V2X would be affected. 
Proposal 3: The necessary frequency separation requirement such that there is not a half-duplex limitation between an NR-V2X and LTE-V2X should be studied for FDM coexistence mechanisms by RAN4.
· Send an LS to RAN4 to ask them to study the necessary frequency separation requirement such that there is not a half-duplex limitation between an NR-V2X and LTE-V2X
· The impact on coverage for FDM coexistence mechanisms should be considered for LTE-V2X and NR-V2X.

Conclusion
In this contribution, we discussed the in-device non-cochannel coexistence issue between LTE-V2X and NR-V2X. The following conclusions are proposed:  
Observation 1: For TDM solutions with short time-scale coordination the following issues can be expected: 
· [bookmark: _GoBack]A lot of information exchange is required between LTE and NR sidelink modules.
· Negative impact on LTE-V2X sensing procedure.

Observation 2: For FDM coexistence, if the frequency separation between LTE-V2X and NR-V2X is far enough, the timing does not need to be aligned.
Proposal 1: For non-cochannel TDM coexistence solutions, LTE and NR V2X sidelinks are synchronized at DFN and subframe level. 
Proposal 2: For non-cochannel TDM coexistence solutions, only long term time-scale coordination between NR-V2X and LTE-V2X is studied further.
Proposal 3: The necessary frequency separation requirement such that there is not a half-duplex limitation between an NR-V2X and LTE-V2X should be studied for FDM coexistence mechanisms by RAN4.
· Send an LS to RAN4 to ask them to study the necessary frequency separation requirement such that there is not a half-duplex limitation between an NR-V2X and LTE-V2X
· The impact on coverage for FDM coexistence mechanisms should be considered for LTE-V2X and NR-V2X.
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