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Introduction
The following agreements were made in RAN1#95 for in-device coexistence of LTE-V2X and NR-V2X [1].
	Agreements:
· Consider solutions for sidelink coexistence for the following: 
· Potential LTE V2X Tx and NR V2X Tx
· Potential LTE V2X Tx and NR V2X Rx
· Potential LTE V2X Rx and NR V2X Tx
· FFS the case of potential LTE V2X Rx and NR V2X Rx, e.g., whether or not it can be handled implementation

Agreements:
RAN1 will identify both TDM and FDM solutions for coexistence. The specific support for each solution is FFS.
For FDM solutions: 
· For both dynamic and semi-static power allocation solutions, RAN1 assumes synchronization between NR and LTE V2X sidelinks, for a NR V2X UE when NR and LTE V2X sidelinks are intra-band
· The case of inter-band is FFS
Note: If the identified solutions can be applied to systems that are not synchronized, then RAN1 may revisit this assumption.



The following agreements were made in RAN1#94bis [2].
	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 discuss FDM and TDM solutions, and assistance-based in-device coexistence.
Discussion
Rel-16 NR V2X supports advanced use cases and considered complementary to LTE sidelink which carries basic safety messages. Ideally it is not efficient solution to maintain connections to two different technologies in the same device, and hence NR sidelink can be foreseen in the long term as a standalone vehicular RAT. However, it is essential to have Rel-16 NR sidelink connection along with LTE sidelink to support both basic and advanced use cases. In-device coexistence (IDC) problems that may occur can be avoided by FDM and TDM solutions. 
Observation 1: Solutions/rules to avoid coexistence conflicts are needed to support LTE sidelink and Rel-16 NR sidelink. 

LTE and NR sidelink coexistence can occur in 4 transmission scenarios: 1) Tx-Tx, 2) Tx-Rx, 3) Rx-Tx, 4) Rx-Rx (see Figure 1). The Tx-Tx conflict may suffer from power sharing and interference problems. The Tx-Rx and Rx-Tx conflicts cause severe interference leakage at the receiving RAT. Also, simultaneous transmission and reception may not be supported by the device, which may require prioritizing one of the RATs. The main issue with the Rx-Rx case is processing complexity at the receiver. However it is not necessary to define a dropping/prioritization rule as such a decision can be made at the device.
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Figure 1: Tx/Rx conflicts in LTE and NR sidelink coexistence.

Observation 2: Higher processing complexity is the main issue for Rx-Rx coexistence.
Proposal 1: The Rx-Rx coexistence issue can be left to device implementation.


FDM solutions: 
FDM allows UE to perform simultaneous transmissions in LTE and NR sidelink. It helps satisfy low latency requirements of NR sidelink, and improves resource utilization between LTE and NR in case of intra-band. FDM solutions require some guard band to minimize inter-carrier interference. The minimum size of the guard band may depend on NR sidelink SCS configuration. A simple way to enable FDM is by configuring separated resource pools for LTE sidelink and NR sidelink. This configuration can be handled by network, transparently from UE. 
As shown in Fig. 1, if UE detects a coexistence issue later (e.g., due to severe interference at the reception in case of Tx-Rx coexistence such as caused by insufficient guard band) and UE cannot resolve the coexistence issue, it may signal the network and/or request assistance. Network can then re-configure one of the resource pools (e.g., a resource pool has enough guard band to the resource pool of another RAT).
Observation 3: FDM can be realized by separated LTE and NR sidelink resource pool configurations.
Observation 4: When coexistence issue arises, network can re-configure sidelink resource pool for UE.
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Figure 2: Insufficient guard band between LTE and NR resource pools may cause coexistence issue.

Another issue with FDM solutions is power sharing for Tx-Tx case. LTE sidelink is considered for basic safety use cases, such as BSM (basic safety message) or CAM (cooperative awareness message). In our view, such LTE safety messages should be prioritized over other types of transmissions. However, Nr sidelink can also carry safety messages/transmissions. Packet QoS priorities can be a factor in power sharing.
LTE/NR power sharing in EN-DC depends on UE capability. If UE is capable of dynamic sharing, NR transmission power is reduced to ensure that total power stays below power limit. If UE is not capable of dynamic sharing, LTE is prioritized and NR transmission is discarded. EN-DC power control should be considered baseline for power sharing in sidelink coexistence.
Proposal 2: Power sharing rules should be defined for sidelink with EN-DC power control as baseline. QoS requirements/priorities of the packet should factor into power sharing rules.

TDM solutions: 
TDM separates LTE and NR sidelink transmissions to different occasions in time, eliminating the risk for inter-carrier interference. TDM is a simpler solution from interference complexity point of view, assuming that a common timing reference is established between LTE and NR sidelink. Resource efficiency can be improved if LTE and NR sidelink transmissions are allowed on co-channel resources (on different time instances or different UEs). However it requires high synchronization accuracy between two sidelinks to avoid interference. 
For that, tme alignment between LTE and NR sidelink should be assumed at both slot and DFN level. 
Observation 5: TDM can be realized in co-channel resources (at different time occassions) with accurate time alignment.
Proposal 3: Both slot level and DFN level time alignment are needed for TDM.
Proposal 4: UE should not be expected to perform timing offset compensation in case of sidelink time misalignments. 

Transmission overlapping is a potential problem in TDM when a time misalignment occurs. One way to avoid this issue is through inter-module coordination of scheduled transmissions. If detected in advance, overlapping can be avoided before transmissions start. If LTE mode 3 only schedules SPS transmissions for UE, then LTE module can signal NR module LTE resource allocation information less frequently in a longer time scale. Coordination in short time scale requires high rate of inter-module signaling, and the feasibility is questionable, especially when RAT modules are located in different chipsets. Long time-scale coordination can be supported more easily by UEs, however coordinating dynamic scheduling decisions may not be possible. As shown in Fig. 3, the interference caused by time misalignment between LTE V2X and NR V2X can be resolved by carefully designed DTX/DRX transmission patterns. The solutions may introduce some discontinous transmission cycles for LTE V2X an NR V2X, which can be provided by network after a request is sent from UE.
Observation 6: Short-time scale coordination is more difficult to implement while long time-scale coordination may not be sufficient to coordinate dynamically scheduled transmissions. 
Proposal 5: Carefully designed TDM time patterns can effectively resolve coexistence issues caused by time misalignment or insufficient coordination between LTE V2X and NR V2X. 

TDM prioritization rules should be defined to determine which sidelink transmission should be dropped in case of overlapping in time. Prioritization can be at RAT level or service/application level. If LTE sidelink carries messages with higher priority than NR, it should be prioritized over NR sidelink, or vice versa. 
Proposal 6: Transmission priority rules should be defined in case of tx overlapping in TDM.
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Figure 3: Interference due to timing misalignment can be resolved with a new TDM pattern.


Assistance for IDC resolution: 
[bookmark: _GoBack]FDM offers better resource utilization and latency while TDM is a simpler solution. It should be preferable for a UE to support both solutions for different reasons. 
· When a transmission is dynamically scheduled on NR sidelink, FDM is a suitable solution. 
· With periodic transmission on NR sidelink, TDM can be preferable as it requires less hardware complexity.
· If a UE is not capable of receiving and transmitting simultaneously (i.e., half-duplex issue), there will be additional latency, therefore FDM can be preferable for latency-sensitive transmissions on NR sidelink
· Resource pool selection and resource utilization can be configured more efficiently when both FDM and TDM are supported.
For either of these cases, however, it is reasonable to expect that coexistence conflicts will not always be successfully avoided by UE itself. Inter-module coordination may not be enough to avoid a conflict due to an unexpected time misalignment in sidelink with TDM. Resource pool configuration may not reserve sufficient guard band in FDM between LTE and NR. In our view, it is necessary to also study mechanisms to resolve coexistence problems once they occur.
Observation 7: It is possible to expect coexistence conflicts in some cases even if UE supports both FDM and TDM. 
Proposal 7: Mechanisms should be studied to receover from a coexistence problem after it occurs. 

In LTE, an IDC indication message provides a similar functionality. If an LTE UE cannot resolve a coexistence issue by itself, it can choose to send an IDC indication message to network by RRC. The first phase is the detection of the problem by UE. The second phase starts when the IDC indication is signaled. Network provides a solution for the problem. 

Figure 4: IDC indication message in LTE.

Observation 8: LTE in-device coexistence procedure for UE includes 1) detection of the coexistence conflict, 2) indication of the problem to network, and 3) receiving assistance from network.

A similar approach can be considered in NR/LTE sidelink coexistence to request assistance. If a UE realizes that it cannot solve the sidelink coexistence issue by itself, UE can request assistance. For in-coverage UEs in connect-mode, the IDC indication message can be signaled to network/gNB. Network can provide a solution that may involve:
· Configuration of a new resource pool
· Reconfiguration of BWP
· Allocation of different resources for mode-1 dynamic grants
· Re-configuration of configured grants (grant-free)
· Assignment of a different TDM pattern (e.g., DTX and/or DRX)
· Configuration of new transmission priority/dropping rules
· Re-routing sidelink traffic through Uu

We propose the following: 
Proposal 8: An IDC indication message can be signaled to gNB by connected-mode UE to request assistance if a coexistence conflict cannot be avoided in sidelink. 
· Message content is FFS.

A similar IDC indication message can also be considered for out-of-coveage UEs in idle/inactive mode. Assistance can be requested from other UEs through sidelink, instead of from gNB. The content of the indication message can be limited to fewer options. An example is given in Figure 5. UE-1 may be receiving a periodic unicast transmission on NR sidelink from UE-2. If UE starts transmitting a safety message on LTE sidelink to UE-3, a coexistence issue may arise at UE-1. For example, the issue could be resolved with a new TDM DRX pattern if the other UE that sends the NR unicast transmission was aware of the coexistence issue. 
[image: ]
Figure 5: UE-1 may have a coexistence issue that it cannot resolve by itself.

We propose to study the feasibility of UE-to-UE sidelink IDC indication messages.
Propose 9: A UE-to-UE  IDC indication message can be signaled through sidelink by UE to request assistance if a coexistence conflict cannot be avoided in sidelink. 
Conclusions
We have the following observations:

Observation 1: Solutions/rules to avoid coexistence conflicts are needed to support LTE sidelink and Rel-16 NR sidelink.
Observation 2: Higher processing complexity is the main issue for Rx-Rx coexistence.
Observation 3: FDM can be realized by separated LTE and NR sidelink resource pool configurations.
Observation 4: When coexistence issue arises, network can re-configure sidelink resource pool for UE.
Observation 5: TDM can be realized in co-channel resources (at different time occassions) with accurate time alignment.
Observation 6: Short-time scale coordination is more difficult to implement while long time-scale coordination may not be sufficient to coordinate dynamically scheduled transmissions. 
Observation 7: It is possible to expect coexistence conflicts in some cases even if UE supports both FDM and TDM. 
Observation 8: LTE in-device coexistence procedure for UE includes 1) detection of the coexistence conflict, 2) indication of the problem to network, and 3) receiving assistance from network.

We have the following proposals:

Proposal 1: The Rx-Rx coexistence issue can be left to device implementation.
Proposal 2: Power sharing rules should be defined for sidelink with EN-DC power control as baseline. QoS requirements/priorities of the packet should factor into power sharing rules.
Proposal 3: Both slot level and DFN level time alignment are needed for TDM.
Proposal 4: UE should not be expected to perform timing offset compensation in case of sidelink time misalignments. 
Proposal 5: Carefully designed TDM time patterns can effectively resolve coexistence issues caused by time misalignment or insufficient coordination between LTE V2X and NR V2X. 
Proposal 6: Transmission priority rules should be defined in case of tx overlapping in TDM.
Proposal 7: Mechanisms should be studied to recover from a coexistence problem after it occurs. 
Proposal 8: An IDC indication message can be signaled to gNB by connected-mode UE to request assistance if a coexistence conflict cannot be avoided in sidelink. 
· Message content is FFS.
Propose 9: A UE-to-UE  IDC indication message can be signaled through sidelink by UE to request assistance if a coexistence conflict cannot be avoided in sidelink. 
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