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1. Introduction

In the RAN1 Ad hoc meeting in Taipei, January 2019, the following agreements have been made regarding NR V2X/LTE V2X in device coexistence:
Agreements:
· For TDM solutions for in-device coexistence between LTE and NR V2X:

· Time Alignment

· Subframe boundary alignment is required between LTE and NR V2X sidelinks
· Both LTE and NR V2X sidelinks are aware of the time resource index (e.g., DFN for LTE) in both carriers
· For long term time scale TDM solutions for in-device coexistence between LTE and NR V2X:

· For a UE with coexistence impact, non-overlapping (in time domain) resource pools are (pre-)configured for NR V2X and LTE V2X sidelinks

· No information is exchanged between LTE and NR sidelinks within the UE
· Long term time scale TDM solution is feasible from RAN1 point of view

· Note: although feasible, it is expected that such a solution may have impact on latency, reliability and data rate requirements for some applications 

· No additional modifications to LTE specifications are needed

Assuming SPS scheduling (mode -3 or mode-4) for LTE V2X, for short time scale TDM solutions for in-device coexistence for V2X,

· For each occurrence of Tx/Tx overlap, one RAT is prioritized over another 

· This requires some information exchange between LTE and NR sidelinks within the UE

· FFS: whether the information exchange between LTE and NR sidelinks can support this requirement

· FFS: if there is impact to RAN1 LTE specification with this agreement

· FFS: whether this solution can be up to UE implementation

· For each occurrence of Tx/Rx overlap, one RAT is prioritized over another 

· This requires some information exchange between LTE and NR sidelinks within the UE

· FFS: if there is impact to RAN1 LTE specification with this agreement

· FFS: whether this solution can be up to UE implementation

· FFS: If determination of priority for Rx operation is feasible and whether the information exchange between LTE and NR sidelinks can support this requirement
· Inter-band FDM Solutions for coexistence

· For static power assignment of Pc,max for each carrier
· Synchronization is not assumed for inter-band coexistence of NR sidelink and LTE sidelink.
· This FDM solution is feasible for resolution of Tx/Tx coexistence conflicts
· If the band separation is large enough (based on RAN4 indication), then this FDM solution for coexistence is feasible for Tx/Rx coexistence
· If the band separation is NOT large enough, then this FDM solution is not feasible for resolution of Tx/Rx coexistence conflicts
· For dynamic power sharing between carriers, 

Since RAN1 has agreed that long term TDM solution based on separated pool configuration for LTE V2X and NR V2X is feasible, while sub-optimal, we focus our discussion in this paper to short term (i.e. TTI level) solution.
2. 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.
2.1. UE with autonomous Resource Selection

In the first cases, the scheduling decision is made ahead of time. If this is LTE V2X selecting a resource (e.g. first transmission in a SPS process, or one-shot transmission), as the UE know the TTI locations where it will expect NR transmissions in the future, the natural solution is to exclude resources that overlap with such location in its resource candidate set. However, doing so requires significant change in LTE V2X resource selection procedure and hence not desirable if we want to maintain backward compatibility. Another alternative is to make no change to existing LTE V2X resource selection mechanism and rely on NR V2X to resolve the conflict once it arises. Such type of solution falls into the category of 2. and will be discussed in further detail later.
In the other direction, when NR selects resource to transmit (or retransmit) its packet, it knows the TTI locations where it expects LTE transmissions in the future. The spec then can mandate the UE to avoid choosing the resources that overlaps with LTE transmissions under most conditions. There can still be some conditions (e.g. high priority and/or stringent delay) that we may want to override this mandate, such conditions will be handled in 2.

For 2., the underlying assumption is that at least one RAT does not know about a potential collision with transmission with the other RAT. This can happen due to the fact that there was not enough time for inter-stack communication to make another RAT aware of the transmissions by one RAT. 
Given that the spec cannot guarantee that all the information to make Tx/Tx collision resolution/coordination available at both RATs, the spec cannot mandate any UE behaviour in this case either. It’s then left to UE implementation to handle this case and the worst to expect is that the UE may drop one, or both of the transmissions. As the instants when this happen is already low , the impact on this dropping may be acceptable.
When  all information about resource selected by one RAT as well as the corresponding packet priority is available at the other RAT and vice versa. Then each RAT, following the rule set forth in the spec will know whether to transmit its packet or not
Proposal 1: For the case that information about potential collision is not available to (at least) 1 RAT (e.g. imminent collision earlier than the information exchange delay), it’s up to UE implementation to handle collision.
Proposal 2: For the case when packet priority and resource selection decision is known ahead of time (e.g. before the inter stack information exchange delay), information about priority of NR packet and LTE packet can be used to resolve the Tx/Tx collision (e.g. decide if one transmission to be dropped, and which one).

Even 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 3: 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. 

Proposal 4: The UE will be (pre)-configured with maximum reception interruption by upper layer. The allowance value can be per priority/5QI class.

Proposal 5: The configured maximum reception interruption is capped by the configurable value. 
Now the remaining case is Rx/Rx limitation. This is purely an RF coexisting issue, even not a new. In LTE release 14 we already considered LTE V2X and DSRC coexistence. DSRC use a completely different SCS with LTE V2X and is asynchronous by nature. After study, RAN4 conclude that with the existing LTE ACLR/ACS requirement, LTE V2X and DSRC can coexist in adjacent channel without creating significant degradation to each other. The same study can be done for LTE V2X and NR V2X by RAN4 to identify a satisfactory value of ACLR/ACS to ensure reasonable performance degradation to both technologies, regardless of the chosen RF architecture.
Observation 1: Rx/Rx reception limitation by AGC resettling/noise variation falls into the category of RF coexistence. No RAN1 spec impact is expected.

Proposal 6: Conclude that Rx/Rx case is feasible from RAN1 point of view.

2.2.  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 7: 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 8: 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.
2.3. 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.  
3. FDM type of Solution
From a UE point of view, the purpose of having concurrent LTE V2X transmission and NR V2X transmission is: (1) increase single UE capacity, (2) reduction in half duplex and (3) simpler multiple access since each technology can perform resource selection independently without worrying about the other. 

Increase Single UE Capacity
We observe that increase in single UE capacity is not applicable, since LTE V2X and NR V2X target different set of application. So, traffic from the same application cannot be separated into two flow, each following different RAT and then combined at the application layer.

Observation 3: There is no traffic offloading between LTE V2X and NR V2X

Reduction in Half Duplex

 Since the approximated ON time of LTE V2X is quite limited, around 1%, the gain from half duplex reduction can be quite limited. For example, it is fair to assume a 5-10% ON time ratio for NR V2X. Without concurrent LTE-NR V2X transmission, the aggregated ON time of the 2 technologies is 6-11%, and with concurrent LTE-NR V2X transmission is at least 5-10%. 

Observation 4: The reduction in half duplex due to concurrent NR V2X and LTE V2X is limited

Simpler Multiple Access

Since LTE V2X and NR V2X may use different numerology, it’s likely that they will operate asynchronously with each other. Furthermore, as they share the same spectrum at 5.9GHz, single PA implementation is infeasible in this case. Even when we consider separate PA implementation, asynchronous transmission will lead to partial overlap, similar to dual connectivity or LTE/NR EN-DC, and a certain “look ahead” rule, on top of the usual power sharing rule and priority rule, is need for UE to reserve enough power for both technologies. Also, as UE has to “look ahead”, the resource selection of each technologies is not independent any more. Also, this “look ahead” rule and the power sharing rule would forbid concurrent implementation of R15 LTE V2X and NR V2X, since this rule is not defined from Rel15 and before.

Observation 5: For concurrent NR V2X and LTE V2X, a single PA implementation is infeasible due to transient time issues. For separate PA implementations, resource selection procedures are as complicated as non- concurrent NR V2X and LTE V2X.

For all these reasons, we think that doing power sharing between 2 RATs for the case of Tx/Tx collision is not a preferred solution. Then the only other option is to do priority base dropping. 
So, from system point of view, if UE missed to much reservations, the whole system performance starts to deteriorate.

As the UE makes no attempt to limit potential overlapping resources between LTE V2X and NR V2X under FDM solution, the number of missed reservations will be very large. Thus, we foresee significant loss in performance if FDM solution is adopted for the intra-band case.
Observation 6: For intra-band scenario, defining a proper power sharing rule and then deriving the corresponding MPR/AMPR is very complicated. Furthermore, power sharing reduces range and reliability of both 2 RAT transmissions. A by-product of this reducing the link budget of PSSCH channel, which is used to deliver SCI containing reservation information.
Proposal 9: Do not consider FDM based solution for intra-band case. 

4. Conclusion
The following proposals are made regarding in-device co-existence:
Proposal 1: For the case that information about potential collision is not available to (at least) 1 RAT (e.g. imminent collision earlier than the information exchange delay), it’s up to UE implementation to handle collision.
Proposal 2: For the case when packet priority and resource selection decision is known ahead of time (e.g. before the inter stack information exchange delay), information about priority of NR packet and LTE packet can be used to resolve the Tx/Tx collision (e.g. decide if one transmission to be dropped, and which one).

Proposal 3: 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 4: The UE will be (pre)-configured with maximum reception interruption by upper layer. The allowance value can be per priority/5QI class.

Proposal 5: The configured maximum reception interruption is capped by the configurable value. 

Proposal 6: Conclude that Rx/Rx case is feasible from RAN1 point of view.

Proposal 7: 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 8: 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.
Proposal 9: Do not consider FDM based solution for intra-band case. 
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