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1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The feasibility and mechanism of coexistence of LTE and NR sidelink technologies have been discussed in the RAN1 #94bis meeting, and the following agreements were achieved [1]:
	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.
· 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.

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



In this contribution, we provide our view on the coexistence issues of LTE and NR sidelink technologies.

2. Coexistence of simultaneous sidelink transmissions
TDM and FDM based solutions are defined for in-device coexistence issue in the case of simultaneous sidelink transmissions. 
2.1. TDM
TDM solution has beneficial on no adjacent channel leakage nor power limitation between LTE and NR sidelink transmissions. The details of coordination and time scale should be studied.
· Long term time-scale coordination
If the resource pools provided to a UE for LTE and NR sidelink transmissions are overlapping in time domain, the simplest TDM solution is to exclude the overlapping resources in one side. For example, the overlapping resources are always excluded from the NR resource pool, in order to avoid any specification impact and performance degradation to LTE. This solution does not require dynamic coordination nor resource reservation results between LTE and NR sidelink modules. Resource exclusion is done only when reconfiguration of resource pool occurs.
[bookmark: _Ref528781606]Observation 1: The simplest TDM solution is to exclude the overlapping resources from the resource pool, which does not require dynamic coordination nor resource reservation results. 
Coordinated sensing resource reservation 
If LTE sidelink and NR sidelink modules may have coordinated procedures, some potential solutions based on the information sharing between two modules can be considered for TDM. For example, if both LTE sidelink and NR sidelink are operating in autonomous resource selection mode, the sensing and measurement results, as well as the selected resources, can be shared between them, so that the sidelink transmissions for LTE and NR can be separated in time. Thanks to the semi-static resource reservation mechanism adopted in LTE, this solution is feasible at least by simply excluding the slots of NR sidelink overlapping with the reserved sources of LTE sidelink. 
However, the impacts to the LTE sensing procedure should be investigated. For example, due to the transmission in NR sidelink, sensing is not possible in the LTE subframe at the same time. It may significantly reduce the candidate subframes in the selection window. Another issue is that during the transmission time of NR sidelink, receiving broadcast (e.g., basic safety message) in LTE sidelink is not possible due to the half-duplex constraint. The performance of packet reception of LTE sidelink would be significantly degraded.
[bookmark: _Ref528781631]Proposal 1: Semi-static coordination on sensing and resource reservation between LTE and NR sidelink modules can be used to prevent overlapping of NR and LTE V2X sidelink transmissions.

· Short term time-scale coordination
Joint resource selection
If short term inter-module coordination can be employed between LTE sidelink and NR sidelink modules, a joint resource selection mechanism for LTE and NR sidelink can also be considered. Given that the physical resource configurations may be distinct significantly between LTE sidelink and NR sidelink, the sensing procedure and monitoring may be sidelink-specific. However, the resource selection may be performed over the superset of candidate resources from both sidelink, so that the collision between LTE and NR sidelink transmission can be avoided.
Dropping based on QoS
By this way, independent resource allocation between LTE sidelink and NR sidelink can be applied for better spectrum utilization. In any case, if a collision between LTE and NR sidelink transmission occurs, one of the transmission occasion should be dropped based on the QoS requirement.
[bookmark: _Ref528781633]Proposal 2: Dynamic resource allocation (such as joint resource selection, dropping based on QoS, etc.) can be considered if short term coordination is possible between LTE and NR sidelink modules.

For each TDM solution, it seems at least subframe or slot level synchronization is needed. For some of the long term TDM scheme, DFN level synchronization is needed because the resource pool is defined based on the DFN.
[bookmark: _Ref528781622]Observation 2: At least subframe or slot level synchronization is needed for TDM solution, while DFN level synchronization is needed for some of the long term TDM scheme. 

2.2. FDM
FDM solution has beneficial on supporting independent resource allocation and asynchronous operation without tight synchronization between LTE and NR sidelink modules. The following issues are identified for FDM solution:
Power limited issue
In the case of both LTE and NR sidelink transmissions occur at the same time, the LTE sidelink transmission may limit the power available for NR sidelink transmission and vice versa. The issue of how to share the power between LTE and NR sidelink in order to meet the QoS requirements should also be addressed.
Self-interference issue
When a UE is configured with both LTE and NR sidelink, there could be some self-interference issues due to coexistence, namely inter-modulation distortion and harmonic, depending on the exact LTE and NR band combinations.
Half duplex issue
If the LTE and NR sidelink are deployed in adjacent channels, it may be challenging for simultaneous transmission and/or reception on both modes due to leakage from TX to RX. This will lead to a half-duplex issue between LTE and NR sidelink operations, i.e., a UE transmits on one side may not be able to monitor and perform proper measurement on the other side. This issue is more severe than that of LTE CA. Unlike the LTE CA case, the LTE and NR sidelink technologies may be implemented in separate modules. Real-time coordination for simultaneous transmission and/or reception between them may be infeasible.
[bookmark: _Ref528781634]Proposal 3: The issues of power limited, self-interference and half-duplex in FDM solution need to be resolved for LTE and NR sidelink coexistence.

Dynamic power sharing between LTE sidelink and NR sidelink can be used to mitigate the power-limit issue. Similar to the TDM solution, dropping is also feasible for any issues identified above. Prioritization of the transmission can base on the QoS requirement. Nevertheless, both of them rely on short-term/real-time coordination between LTE and NR modules.
[bookmark: _Ref528782866]Observation 3: Power sharing or packet dropping for FDM solution based on the QoS requirement rely on short term time-scale coordination. 

3. Coexistence in mode-1 operation 
If either TDM or FDM solution is applied to a UE, where scheduled resource allocation mode is applied to one sidelink, it would be beneficial to inform the network that coexistence issue may happen and to provide some assistance information to the network for proper scheduling. Moreover, the in-device conflict may also happen between Uu and sidelink, e.g. simultaneous sidelink transmission and uplink transmission. Assistance information is also needed in this case. 
The assistance info, for example, may include the affected frequency band or carrier, or time domain resources, etc. If both sidelink are controlled by the network, some kinds of coordination on the network side can be assumed.
[bookmark: _Ref525571161]Proposal 4: A UE can inform the network that the coexistence issue would happen (either between different sidelink modules or between Uu and sidelink), and provides assistance information to the network to resolve the coexistence issues.

On the other hand, if the autonomous resource selection mode is enabled in one sidelink, the scheduling node of one RAT may not be aware of the autonomous resource selection result of the other RAT and vice versa, thus not possible to avoid collision between them. Therefore, it is helpful to take into account the resources reserved by the network in the other sidelink, during the resource sensing and reservation procedure. As a result, the problematic resource candidates can be excluded, and the potential in-device coexistence issues can be mitigated.
[bookmark: _Ref525571162]Proposal 5: During the sensing and reservation procedure in one sidelink, a UE should consider the resources reserved by the network in the other sidelink to mitigate the potential coexistence issue.

4. Limited Tx/Rx capability
The limited Tx capability issue has been discussed for LTE CA in eV2X. A similar issue also occurs in the case of LTE and NR sidelink coexistence. The solution in LTE CA is done in the MAC, by either excluding the subframe exceeds its TX capability limitation, or triggering resource reselection until the resultant transmission resources can be supported. It may not be simply reused for the coexistence case, because a separate MAC entity is employed for each RAT and real-time coordination between may be challenging.
On the other hand, a UE with limited Rx capability may not be able to monitor all possible channels at the same time. Even if it is possible, it is suboptimal in terms of power consumption and UE complexity, and not always necessary. For instance, the UE may need to monitor the basic safety message in LTE sidelink all the time. However, for advanced V2X service, the UE may not always need to monitor the same channel. Therefore, some enhancements should be introduced to mitigate the limited Tx/Rx capability issue.
[bookmark: _Ref521243433]Proposal 6: The issues of limited Tx/Rx capability need to be resolved for LTE and NR sidelink coexistence.
If the SA and the data can be transmitted in different carriers or different sidelink, it is possible that the UE performs sensing on only one carrier can still be aware of the resource reservation on another carrier or another sidelink. As a result, only a limited set of carriers are required for sensing, which can mitigate the issue of limited Tx/Rx capability. Moreover, it is useful if a UE is required to keep monitoring on one carrier or sidelink for some specific services (e.g., basic safety), while still be able to sense and transmit on the other carrier or sidelink for other services.
[bookmark: _Ref528781637]Proposal 7: Cross-carrier/-sidelink sensing and reservation can be considered for mitigating the limited Tx/Rx capability issues.

5. Conclusion
In the contribution, we provide our view on the coexistence issues of LTE and NR sidelink technologies with the following observations and proposals:
Observation 1: The simplest TDM solution is to exclude the overlapping resources from the resource pool, which does not require dynamic coordination nor resource reservation results.
Observation 2: At least subframe or slot level synchronization is needed for TDM solution, while DFN level synchronization is needed for some of the long term TDM scheme.
Observation 3: Power sharing or packet dropping for FDM solution based on the QoS requirement rely on short term time-scale coordination.

Proposal 1: Semi-static coordination on sensing and resource reservation between LTE and NR sidelink modules can be used to prevent overlapping of NR and LTE V2X sidelink transmissions.
Proposal 2: Dynamic resource allocation (such as joint resource selection, dropping based on QoS, etc.) can be considered if short term coordination is possible between LTE and NR sidelink modules.
Proposal 3: The issues of power limited, self-interference and half-duplex in FDM solution need to be resolved for LTE and NR sidelink coexistence.
Proposal 4: A UE can inform the network that the coexistence issue would happen (either between different sidelink modules or between Uu and sidelink), and provides assistance information to the network to resolve the coexistence issues.
Proposal 5: During the sensing and reservation procedure in one sidelink, a UE should consider the resources reserved by the network in the other sidelink to mitigate the potential coexistence issue.
Proposal 6: The issues of limited Tx/Rx capability need to be resolved for LTE and NR sidelink coexistence.
Proposal 7: Cross-carrier/-sidelink sensing and reservation can be considered for mitigating the limited Tx/Rx capability issues.
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