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Introduction
In the RAN1 #97 following agreements have been made regarding NR V2X/LTE V2X in device coexistence [2]:
	Agreements:
· For Tx/Tx overlap,
· Confirm the working assumption made in RAN1#96bis
· UE capability is defined for short-term time-scale TDM for in-device coexistence
Agreements:
· For Rx/Rx overlap, 
· Up to UE implementation to manage receptions of LTE and NR sidelinks.



Since RAN1 has concluded that long term TDM coexistence has no specification impact, we focus our discussion in this paper to short term (i.e. TTI level) solution.
[bookmark: _Hlk525802761]Short Term TDM of LTE V2X and NR V2X
We focus the discussion in this section to TDM kind of solution. It worth clarifying that by short time scale TDM, what we mean is:
1. UE try to avoid scheduling the transmissions of LTE V2X and NR V2X overlapping with each other.
a. The scheduling is done in a per TTI basis
b. The scheduling can be done ahead of time, or instantaneously.
i. By instantaneously we mean that the inter stack information exchange delay is not sufficient to communicate scheduling decision of one RAT to the other RAT.
2. It is still possible that LTE V2X and NR V2X transmissions still overlap in time, despite all efforts in 1. In this case we discuss if any further solution is needed.
We first limit our discussion for the case UE perform autonomous resource selection for both LTE V2X and NR V2X. The cases involve eNB/gNB resource allocation is similar in principle but require some minor changes in terms of signalling. Such changes will be focused on in the later part of this section.
UE with autonomous Resource Selection
In RAN1 #96Bis following agreements were made [3]:
	Working assumption:
· For Tx/Tx overlap, 
· If packet priorities of both LTE and NR sidelink transmissions are known to both RATs prior to time of transmission subject to processing time restriction, then the packet with a higher relative priority is transmitted 
· In case the priorities of LTE and NR SL transmissions are the same, then it is up to UE implementation as to which transmission is chosen (e.g., taking into account congestion, etc.)
· If packet priorities of both LTE and NR sidelink transmissions are not known to both RATs prior to time of transmission subject to processing time restriction, then it is up to UE implementation to manage Tx/Tx overlaps (e.g., LTE transmissions are always prioritized, etc.)
RAN1 does not assume any impact to LTE physical layer specifications



In RAN1 #97 following agreements were made [2]:
	Agreements:
· For Tx/Tx overlap,
· Confirm the working assumption made in RAN1#96bis
· UE capability is defined for short-term time-scale TDM for in-device coexistence
Agreements:
· For Rx/Rx overlap, 
Up to UE implementation to manage receptions of LTE and NR sidelinks.



We think Tx/Tx overlap cases has been resolved with the agreements in prior meeting. However, in this case, the decision to prioritize NR packet over LTE packet or vice versa should depend on each application. It is better that some configurable rule is provided to UE over certain priority of LTE packet. 
Proposal 1: The rule to prioritize NR packet of a certain priority to LTE packet of another certain priority and vice versa is configured in the UE.  
The discussion we have so far only involve Tx/Tx collision. At first glance, one may want to apply the same solution of the Tx/Tx collision case to the Tx/Rx case. However, there are 2 fundamental differences:
1. In Tx/Tx case, each RAT only transmits for a limited amount of time. So, it is possible to try choosing overlapping resources for each RAT transmissions, and the UE should be encouraged to do so by the specification. In Tx/Rx case, one RAT is always in receiving mode when it is not transmitting. So the UE does not have a choice here.
2. In Tx/Tx case, when the 2 transmissions from 2 RAT collide, under a certain condition, the UE can make use of the priority information to resolve the prioritization between LTE V2X transmission and NR V2X transmission. For the Tx/Rx case, normally the priority of the received packet is not known until the corresponding SCI is decoded, which is already too late to notify the other RAT. Even if it knows the priority of a certain expected incoming transmission (e.g. in the case of retransmission where the previous SCI is successfully decoded), it does not know if there are any other incoming transmissions and what are their priorities.
Given that each transmission in one RAT guarantee a reception failure on the other RAT. The only way to limit reception loss on one RAT is to impose an on-time restriction on the other RAT, which will in turn limit the per UE throughput. So, the trade-off here is to find out the maximum on-time allowed for 1 RAT that still incur acceptable performance degradation on the other RAT reception. The proper cap value depends on deployment scenario, so it best to be pre-configured or RRC configured to each UE.
Given that receiving packet priority cannot be reliably obtained, we think that the best solution should not rely this information but instead on the priority of the transmitting packet on the other RAT alone. A preferred solution is to define different data interruption allowance to one RAT for different priority of transmitting packet on the other RAT. For example, an application with high priority and high reliable requirement can have a higher data reception interruption allowance to the other RAT. This allow the UE to transmit more frequently and reduce packet dropping since any packet dropped counts toward degradation in reliability. Since LTE-V2X transmission is anyways can be 2% for basic safety message so for NR-V2X certain amount for maximum allowed interruption of LTE-V2X reception can be pre-configured for each priority packet.
Proposal 2: For NR-V2X certain amount for maximum allowed interruption of LTE-V2X reception can be pre-configured for each priority packet.
UE with Base Station Scheduling.
We consider here, in particular 2 sub cases:
1. LTE V2X resources are scheduled by eNB, NR V2X autonomously select resources
2. NR V2X resources are scheduled by gNB, LTE V2X autonomously select resources.
3. The sub case of LTE V2X resources are scheduled by eNB and NR V2X resources are scheduled by gNB is not considered, since it is not in the scope of the study item.
Most of the discussion in 2.1 still applies here, i.e. TDM type of solution is the preferred solution, where 1) the UE try to utilise all available information about the other RAT resources and priority to minimize the amount of Tx/Tx collision; 2) when collision does happen it is up to the UE to resolve the collision within the missed reservation allowances provisioned by application layer and 3) the UE is also to manage its transmission time in order to cause interruption to the other RAT reception within the allowances provisioned by application layer. 
There are, however, some minor adaptations involved, which will be laid out below:
1.  LTE V2X resources are scheduled by eNB, NR V2X autonomously select resources. For the case that LTE V2X using information about NR resource and priority to resolve Tx/Tx collision. Since UE does not select resource by itself, it has to forward all this information to the eNB and wait for the new direction. However, this requires new signalling defined for LTE spec. The alternative is not to request a new grant or forwarding any information. The UE can decide on its own which transmission to transmit based on priority resolution rule configured by upper layer. If some certain LTE transmissions need to be dropped according to this rule, current LTE spec have enough provision for UE to do this. 
2. NR V2X resources are scheduled by gNB, LTE V2X autonomously select resources. In cases where new resources are needed in order to avoid an upcoming LTE transmission, UE can forward information about LTE upcoming transmission to gNB and gNB will decide if a new resource is needed/or UE should keep transmitting on the scheduled resources/or it should drop the transmission. Otherwise, UE can make the decision whether to avoid LTE transmission itself based on upper layer configured priority resolution rule, and then request a new grant. In our view, the later solution will lead to a cleaner spec and hence is preferred.  
Proposal 3: For LTE V2X in Mode 3 and NR V2X in mode 2. If LTE V2X detect a future collision of its SPS process and NR reserved resources, no new grant will be requested. The UE will resolve this collision using configured priority resolution rule and drop LTE transmission when needed. 
Proposal 4: For NR V2X in Mode 1 and LTE V2X in Mode 4. If NR V2X detects a future collision of its reserved resource and LTE resource, it will resolve this collision using configured priority resolution rule. In case NR V2X transmission needs to be dropped, a new resource request can be sent to ask for a new grant.
Handling LTE V2X and NR V2X priorities information
As RAN1 has agreed that packet priority can be used to resolve transmission/transmission overlap collision when that information is available on time, we discuss in this subsection solutions to make use of such information. According to the LS from SA2 [1].
	[bookmark: _Toc532891680]5.4.y.3            Priority Level
The Priority Level has the same format and meaning as that of the ProSe Per-Packet Priority (PPPP) defined in TS 23.285 [8]. 
NOTE: Using the same format for Priority Level and PPPP provides better backward compatibility. 
The Priority Level shall be used to different treatment of V2X service data across different mode of communication, i.e. broadcast, groupcast, and unicast. In case when all QoS requirements cannot be fulfilled for all the PC5 service data, the Priority Level shall be used to select for which PC5 service data the QoS requirements are prioritized such that a PC5 service data with Priority Level value N is prioritized over PC5 service data with higher Priority Level values,i.e. N+1, N+2, etc (lower number meaning higher priority). 


As NR V2X and LTE V2X share the same priority format, comparing the priorities is a matter directly comparing the Priority Value.
Inter-band Scenario
Even though all the discussion so far implicitly assumes intra-band different channel scenario. All the proposed solutions do carry over to the inter-band scenario. Compared to intra-band scenario, inter-band has the advantage that there will be now Tx/Rx half duplex issue if the frequency separation is large enough. When the frequency separation is not large enough, the reception interruption sort of solution can be employed to limit transmission time of NR V2X per priority/5QI class.
Observation 2: For inter-band scenario, all the solution discuss in Section 2 applies. If there is enough frequency separation, there is no need to handle Tx/Rx case.   
Conclusion
The following proposals are made regarding in-device co-existence:
Proposal 1: The rule to prioritize NR packet of a certain priority to LTE packet of another certain priority and vice versa is configured in the UE.  
Proposal 2: For NR-V2X certain amount for maximum allowed interruption of LTE-V2X reception can be pre-configured for each priority packet.
Proposal 3: For LTE V2X in Mode 3 and NR V2X in mode 2. If LTE V2X detect a future collision of its SPS process and NR reserved resources, no new grant will be requested. The UE will resolve this collision using configured priority resolution rule and drop LTE transmission when needed. 
Proposal 4: For NR V2X in Mode 1 and LTE V2X in Mode 2. If NR V2X detects a future collision of its reserved resource and LTE resource, it will resolve this collision using configured priority resolution rule. In case NR V2X transmission needs to be dropped, a new resource request can be sent to ask for a new grant.

[bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]References
 [1] S2-1904823, LS response on unicast, groupcast and broadcast in NR sidelink
[2] Chairman notes RAN1#97
[3] Chairman notes RAN1#96Bis


8

2

