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1	Introduction
RAN plenary #80 approved a study item on NR V2X [1]. This study item targets, among other objectives, the mechanisms for coexistence of NR V2X, detailed as below:
	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.

NOTE: It is assumed that any coexistence requirements and mechanisms of NR sidelink with non-3GPP technologies will not be defined by 3GPP.



In RAN1#95, the following agreements have been made on the topic of in-device coexistence:

	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.



In the present contribution we present further discussion on several aspects of solutions for the in-device coexistence.
[bookmark: _Ref178064866]2	Mechanisms for in-device coexistence
Given that both TDM-based and FDM-based solutions are agreed to be supported by RAN1, the relevant question is whether every UE needs to support both solutions. To this end we believe that it is up to UE to decide which solution to support, depending on its capability. 
[bookmark: _Toc534993319]The support of TDM-based and/or FDM-based solution is based on UE capability.
In some cases, the UE can report its capability to the network and the network can configure whether a TDM-based or FDM-based solution should be supported in the UE, depending on both the UE capability and other aspects such as the resource pool configurations in the network.
[bookmark: _Toc534993320]UEs in a network can report their capability to the network to assist the network in configuring a TDM-based or FDM-based approach for the UEs.
[bookmark: _Ref534208729]2.1	TDM-based solution
For an efficient coexistence of the NR SL and LTE SL it is important that some inter-RAT coordination mechanism is specified. We see that the long-term time-scale coordination is more suitable for periodic type of traffics such as traffic of safety-related services, where the UE can expect some regular patterns of packet arrivals from the higher layers and therefore can plan the transmissions in each RAT. This type of coordination is hard to achieve for non-periodic and latency-critical packets, which are expected to be more common in the advanced services supported by NR V2X. In this case short-term solutions are more suitable and here the issue of overlapping in time of SL transmissions from the two RATs is critical. 
[bookmark: _Toc528954275][bookmark: _Toc534993329]Both long-term and short-term coordination solutions are needed.
In case an NR SL transmission overlaps in time with an LTE transmission we anticipate that some kind of prioritization should be considered. It is tempting to define some prioritization rules based on QoS parameters such as priority of the packets to be transmitted in the two RATs or how congested the RATs are. However, we believe that it is not possible to define such rules now when the QoS framework for NR V2X has not been developed. 
[bookmark: _Toc528954278][bookmark: _Toc534993321]RAT prioritization for TDM-based coexistence is only considered when the QoS framework for NR V2X has been developed.
One important aspect of the coexistence is the time alignment of the two RATs. Slot-level alignment, meaning that the starting point of slots in NR and subframes in LTE are aligned, is necessary for TDM coexistence. The alternative would require skipping subframes, etc. and would be largely inefficient. DFN alignment is not strictly needed, only knowledge of DFN values in both carriers is required. However, the implications of assuming DFN alignment once slot-boundary alignment is given are small. Moreover, it may lead to simplified design in terms of reduced signalling, etc.
[bookmark: _Toc528954279][bookmark: _Toc534993322]Both slot-boundary and DFN alignment are required for TDM coexistence.
[bookmark: _Toc528954280][bookmark: _Toc534993323]Shared Tx pool configurations (including numerologies) and a method for translating pool configurations from one RAT to the other are used for TDM-based coexistence.

2.2	FDM-based solution
The FDM-based solution needs to consider the following technical issues:
· Half-duplex issue between NR SL and LTE SL operations: It may not be possible for a UE to transmit in one RAT and receive in another RAT at the same time because the self-interference can be very strong. 
· Power leakage: in-band emission or out-of-band emission from a transmission in one RAT of a UE will have negative impacts on the reception in the other RAT of another UE. 
· Power sharing of the two RATs. If a UE wants to transmit in the two RATs at the same time, it will need to share the transmit power, at least not to violate regulatory requirements on the emission level.
We believe that mechanisms to handle impacts of half-duplex and in- and out-of-band emissions are necessary. For example, some guard band can be used to limit the power leakage. This may require also the work in RAN4.
[bookmark: _Toc525737763][bookmark: _Toc525738155][bookmark: _Toc525897321][bookmark: _Toc525897711][bookmark: _Toc525897981][bookmark: _Toc525898006][bookmark: _Toc525898161][bookmark: _Toc525898196][bookmark: _Toc525898261][bookmark: _Toc525898281][bookmark: _Toc525900642][bookmark: _Toc525907069][bookmark: _Toc525911782][bookmark: _Toc525916604][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc525928772][bookmark: _Toc534993324]RAN1 studies the impact of half-duplex constraints and in-band and out-of-band emissions on PHY design of NR SL. 
a. [bookmark: _Toc534993325]Ask RAN4 for relevant information, if necessary.
In our view, for the Tx-Tx coexistence scenario, there can be some rules for power sharing between the two transmissions. For example, the rules can be defined based some QoS parameters, or on the required/desired communication range of the packets to be transmitted in both RATs, or on the congestion level at the RATs. However, as with the TDM-based solution (Section 2.1), any such rules need to wait until a stable QoS framework is in place, especially now in NR the QoS is more involved in LTE.
[bookmark: _Toc534993326]Rules for power sharing for FDM-based coexistence should utilize QoS parameters, communication range, and congestion levels.  
b. [bookmark: _Toc534993327]The use of QoS parameters is only considered when the QoS framework for NR V2X has been developed.
3	On the role of synchronization for in-device coexistence
In RAN1#95, synchronization of NR and LTE sidelinks was assumed that for the case of intra-band operation. However, for the case of inter-band operation, the assumption would prevent many deployments of interest. For example, operation of LTE sidelink on an ITS carrier (e.g., 5.9 GHz) with NR sidelink on a licensed carrier is a case of practical interest. If synchronization between the sidelinks would be required, this in turn would force the ITS and the licensed carrier to be synchronized too. This is clearly not possible. If necessary, RAN1 should discuss coexistence.
[bookmark: _Toc534993330]NR SL and LTE SL may not be synchronized in many cases of commercial interest.
[bookmark: _Toc534993328]For inter-band, synchronization between NR sidelink and LTE sidelink is not required.
If necessary, RAN1 can specify a framework for resolution of potential conflicts between both sidelinks.

Conclusion
In the previous sections we made the following observations: 
Observation 1	Both long-term and short-term coordination solutions are needed.
Observation 2	NR SL and LTE SL may not be synchronized in many cases of commercial interest.


Based on the discussion in the previous sections we propose the following:
Proposal 1	The support of TDM-based and/or FDM-based solution is based on UE capability.
Proposal 2	UEs in a network can report their capability to the network to assist the network in configuring a TDM-based or FDM-based approach for the UEs.
Proposal 3	RAT prioritization for TDM-based coexistence is only considered when the QoS framework for NR V2X has been developed.
Proposal 4	Both slot-boundary and DFN alignment are required for TDM coexistence.
Proposal 5	Shared Tx pool configurations (including numerologies) and a method for translating pool configurations from one RAT to the other are used for TDM-based coexistence.
Proposal 6	RAN1 studies the impact of half-duplex constraints and in-band and out-of-band emissions on PHY design of NR SL.
a.	Ask RAN4 for relevant information, if necessary.
Proposal 7	Rules for power sharing for FDM-based coexistence should utilize QoS parameters, communication range, and congestion levels.
a.	The use of QoS parameters is only considered when the QoS framework for NR V2X has been developed.
Proposal 8	For inter-band, synchronization between NR sidelink and LTE sidelink is not required.
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