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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 #94 meeting, and the following agreements were achieved [1]:
	Agreements:
For the study of LTE-V2X and NR-V2X sidelink co-existence, at least the following scenarios are considered from the UEs perspective: 
· LTE sidelink and NR sidelink do not have any coordinated procedures
· LTE sidelink and NR sidelink have coordinated procedures and half-duplex constraints are assumed
· RAN1 will focus on this scenario in the SI

Agreements:
RAN1 focus on at least the following potential solutions for coexistence at least until the next meeting: 
· TDM of LTE V2X and NR V2X sidelink transmissions
· FDM of LTE V2X and NR V2X sidelink transmissions


In this contribution, we provide our view on the potential issues and solutions for coexistence of LTE and NR sidelink technologies.
2. Coexistence use cases
2.1. Deployment scenarios
It has been agreed that the study of LTE-V2X and NR-V2X sidelink co-existence would focus on the scenario, where LTE sidelink and NR sidelink have coordinated procedures subject to the half-duplex constraints. In this case, there would be many combinations on possible deployments, e.g., LTE mode-3 with NR mode-2 and vice versa. It should be clarified whether all of these use cases are desirable:
Case 1. The LTE sidelink operates in mode-4 while the NR sidelink operates in mode-2.
a. This seems to be a typical scenario for out of coverage scenario.
Case 2. The LTE sidelink operates in mode-3 while the NR sidelink operates in mode-2.
a. This use case is possible if the vehicle enters a legacy LTE network, which is a typical case during the early phase of NR deployment.
Case 3. The LTE sidelink operates in mode-4 while the NR sidelink operates in mode-1.
a. This use case may happen if the vehicle stays in NR-only coverage needs to communicate with LTE sidelink based vehicle, for example, for the sake of backward compatible to the long lifespan legacy vehicle after the shutdown of LTE network. 
b. Although it is a possible scenario, optimization may not be desirable for this atypical case. Moreover, an alternative to this scenario is to enable the gNB to control the LTE sidelink mode-3 operation.
Case 4. The NR sidelink is scheduled by gNB, while the LTE sidelink is scheduled by eNB.
a. It may be an intuitive design option for EN-DC or NE-DC scenario. 
b. However, careful coordination between both scheduling nodes is needed in order to mitigate the sidelink half-duplex constrain and self-interference issue, which implies tighter integration between nodes is required.
Case 5. Both sidelink technologies are controlled by gNB.
a. This use case can cover many scenarios including NR SA, EN-DC, NE-DC, etc. 
b. It can optimize the resource allocation considering the half-duplex issue, power limit, inter-modulation distortion and harmonics, etc. Further details can be found in the next section. From implementation perspective, it may complicate the gNB scheduler on one hand as discussed in [2], but on the other hand, it does not require tight integration between different nodes.
Case 6. Both sidelink technologies are controlled by eNB.
a. It is not clear on the benefit of this use case. It may require significant specification efforts and implementation complexity to eNB to support the NR sidelink, as also discussed in [3]. Instead, an upgrade to gNB may be more reasonable.
According to the discussions, it seems Case 1 and Case 2 are essential use cases, while Case 3, Case 4 and Case 5 can be further studied. Different combinations have distinct impacts to the system and requires different mechanisms to enable coexistence of LTE and NR sidelink.
[bookmark: _Ref521243431]Proposal 1: It should be clarified which deployments are essential to be supported among all the combinations of different operation modes and technologies.

2.2. Service transmissions on multiple channels
If a UE were equipped with both LTE and NR sidelink with coordinated procedures, there would be more than one physical channels can be used for the V2X application. If the V2X application is mapped to more than one sidelink technologies, at least the following transmission schemes are identified:
1. Services by configuration are mapped to different sidelink channels.
a. E.g., the basic safety service is mapped to LTE sidelink, and advanced service (e.g., extended sensor) is mapped to NR sidelink.
2. The application packet is split and sent in different sidelink channels.
a. Packet split may be necessary to support large packet as defined in [4], especially if the bandwidth assigned to each channel is limited (e.g., according to the regulation). 
3. The application packet has multiple replicated copies sent in different sidelink channels. 
a. Packet duplication increases the reliability and reduces latency, therefore is beneficial for V2X service.
Various transmission schemes require different levels of interaction and coordination between LTE and NR. It should be clarified which schemes are supported in order to identify necessary technical mechanisms.
[bookmark: _Ref521243432]Proposal 2: It should be clarified which transmission schemes are supported if both LTE and NR sidelink channels are configured.

3. Coexistence issues
The following issues need to be considered for LTE and NR sidelink coexistence and can be taken as a starting point for discussion. 
· Half duplex issue
· Limited Tx/Rx capability
· Self-interference
· Power limited

3.1. 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. Firstly, 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. Secondly, if LTE and NR sidelink operate in different modes (i.e., Case 2 and Case 3 discussed in section 2.1), 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. Moreover, if the UE is controlled by both eNB and gNB (i.e., Case 4 discussed in section 2.1), collision may occur unless real-time integration between nodes is implemented. Therefore, this issue should be resolved for the coexistence of LTE and NR sidelink. 

3.2. 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.

3.3. Self-interference
[bookmark: _Ref521243297]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. The solution in Rel-15 may serve only for some of the deployment scenarios (e.g., Case 4 and Case 5 discussed in section 2.1). Enhancements are probably needed to cover other scenarios.

3.4. Power limited
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.

[bookmark: _Ref521243433]Proposal 3: The issues of half-duplex, limited Tx/Rx capability, self-interference and power limited need to be resolved for LTE and NR sidelink coexistence.

4. Potential solutions
In this section, some potential solutions are considered for the above-mentioned issues.
4.1. Autonomous resource selection
Sensing sharing
If LTE sidelink and NR sidelink have coordinated procedures, some potential solutions based on the information sharing between two modules can be considered for the identified issues. For example, if both LTE sidelink and NR sidelink are operating in autonomous resource selection mode (i.e., Case 1 in section 2.1), the sensing and measurement results, as well as the selected resources, can be shared between them, so that the half-duplex issue can be mitigated. Some of the candidate resources can be further discarded if potential in-device coexistence issues are foreseen. 
Joint resource selection
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 coexistence issues can be avoided.
Cross-carrier/-sidelink sensing and reservation
Furthermore, 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: _Ref525915499]Proposal 4: Coordinated sensing and resource allocation (such as sensing sharing, joint resource selection, or Cross-carrier/-sidelink sensing and reservation, etc.) can be considered for mitigating the potential coexistence issues.

4.2. Scheduled resource allocation 
In the case of scheduled resource allocation mode is applied to one sidelink (i.e., Case 2 and Case 3 in section 2.1), 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. 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. Therefore, the solution of EN-DC self-interference issue for uplink can be reused for sidelink.
[bookmark: _Ref525571161]Proposal 5: A UE can inform the network that the coexistence issue would happen 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, it is desirable 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 6: 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.

5. Conclusion
In the contribution, we provide our view on the potential issues and solutions for coexistence of LTE and NR sidelink technologies, and propose that,
Proposal 1: It should be clarified which deployments are essential to be supported among all the combinations of different operation modes and technologies.
Proposal 2: It should be clarified which transmission schemes are supported if both LTE and NR sidelink channels are configured.
Proposal 3: The issues of half-duplex, limited Tx/Rx capability, self-interference and power limited need to be resolved for LTE and NR sidelink coexistence.
Proposal 4: Coordinated sensing and resource allocation (such as sensing sharing, joint resource selection, or Cross-carrier/-sidelink sensing and reservation, etc.) can be considered for mitigating the potential coexistence issues.
Proposal 5: A UE can inform the network that the coexistence issue would happen and provides assistance information to the network to resolve the coexistence issues.
Proposal 6: 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.
6. [bookmark: _Ref510367705][bookmark: _Ref503565490][bookmark: _Ref493791948][bookmark: _Ref503565531]Reference
[1] [bookmark: _Ref521143722][bookmark: _Ref521328302][bookmark: _Ref510367818]Chairman’s Notes, 3GPP TSG RAN WG1 meeting#94
[2] [bookmark: _Ref525916220][bookmark: _Ref521328303]R1-1810393, “Enhancements of NR Uu link to control LTE sidelink”, vivo, RAN1 #94bis, Oct 2018.
[3] [bookmark: _Ref525916298]R1-1810392, “Enhancements of NR and LTE Uu link to control NR sidelink”, vivo, RAN1 #94bis, Oct 2018.
[4] [bookmark: _Ref525916304]3GPP TR 22.886, “Study on enhancement of 3GPP Support for 5G V2X Services”, V15.1.0.

3/5
