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1
Introduction
LTE-based V2X Services WI [1] was agreed to during RAN#70. One of the objectives agreed to was
5) To specify other enhancements to PC5/Uu for V2X on the following aspects:

a) ….

b) ….
c) Support of inter-PLMN for both PC5 and Uu (Note: Depending on the solutions, the specification(s) may or may not be impacted) [RAN2, RAN3, RAN1]

In this contribution we discuss solutions to achieve the inter-PLMN V2X communication issue for both PC5 and Uu.  From the AS layer perspective, the inter-PLMN issue is no different from the inter-frequency issue, as Uu and PC5 operation are on two different frequencies (iregardless of whether they are in the same or different PLMN(s)), Therefore, our discussion is focused on the co-existence of PC5 and Uu [2]. Regarding this issue, the following agreements were achieved in RAN1#84bis. 

Agreement:
· The followings are supported for the purpose of coexistence between PC5-based V2V and WAN:

· Sidelink open loop power control is re-used for SL TX for V2V

· FFS RSRP based resource selection

· SL TX for V2V can be prioritized over WAN TX 

· FFS the details (e.g., applicability to Mode 1 and/or Mode 2, etc.), especially whether existing D2D mechanism can be reused,

· The prioritization is managable by eNB. Details FFS.
· The same receiver capability of D2D communication UEs is assumed for V2V UEs. That is, a Rx chain is available at all time to receive V2V signals without affecting WAN reception (from RAN1 perspective) when the UE is configured to receive V2V.

In this contribution we discuss the remaining issues for coexistence between Uu and PC5 for V2V. We also make proposals on priority of different V2V channels, when a time domain conflict occurs.
Section 2 discusses methods for methods for coexistence between V2V and Uu operations.
Section 3 concludes the contribution.
2
Methods for Coexistence

One issue that may needs to be addressed is that when GNSS timing is used there maybe interference between V2V PC5 and Uu due to timing drift. This may especially be true for asynchronous networks. One simple way to address this is to require UEs to report the timing offset changes when timing offset between WAN and GNSS timing changes by a certain amount.

Proposal 1: UEs can report the timing offset changes between WAN and GNSS timing to their eNodeBs. 
We consider the case of intra UE coexistence for both same and different frequency cases. For reception a dedicated chain for PC5 is already agreed to. So no prioritization for reception needs to be discussed. However for transmission it is likely that a dedicated chain may not be available. Therefore prioritization between PC5 and Uu transmissions needs to be discussed when a UE is scheduled to transmit on both PC5 and Uu. 

For transmission prioritization, due to safety impact of V2V transmissions and the latency requirements, sometimes it may be better to prioritize V2V over WAN transmission. It depends on the priority of the packet and the channel.

Observation 1: Since V2V messages are used for safety and may have tight latency requirements sometimes V2V PC5 transmissions should be prioritized over Uu transmissions.

V2V synchronization channel, i.e., PSBCH, PSSS & SSSS (if configured) is important for the V2V design. Therefore whenever there is time domain conflict between transmission of V2V synchronization signals and transmission of Uu signal then transmission of V2V synchronization signals should be prioritized. Such prioritization includes the interruptions needed to switch channels (if needed).

Proposal 2: Whenever a time domain conflict occurs between transmission of a V2V synchronization signals (i.e., PSBCH, PSSS & SSSS) and Uu uplink transmission the transmission of V2V synchronization signals should be prioritized. Such prioritization includes the interruptions (if needed).

In Release 13 sidelink discovery gaps were introduced to prioritize sidelink discovery over Uu. A bitmap was introduced to specify subframes over which sidelink discovery is prioritized over Uu. However V2V PSCCH & PSSCH transmissions can occur as often as once every 100ms. This is different from the sidelink discovery case which typically occurs much less often. Furthermore the pattern of transmission is not completely predictable. So, in many cases, a bitmap will lead to V2V sidelink being prioritized all the time compared to Uu transmission. This is not desirable.

Observation 2: Reusing sidelink discovery gaps bitmap based approach is not desirable. This is because V2V sidelink transmissions occur much more frequently and are not completely predictable.
Another issue is how to incorporate priority of V2V messages when the transmission of those message are in conflict with Uu transmissions. To resolve this we propose that a set of PPPP can be pre-configured or configured by eNodeB. V2V PC5 transmissions carrying the PPPP belonging to that set will be prioritized over Uu transmissions. Otherwise Uu transmissions will be prioritized. Such prioritization will include the interruptions needed to switch transmit channels (if needed).
Proposal 3: A set of PPPP can be configured/pre-configured. If there is a time conflict between Uu and V2V PC5 PSCCH & PSSCH transmissions then V2V PC5 packets with PPPP value in the set are prioritized compared to Uu transmissions and vice versa. If V2V PC5 transmission is prioritized then prioritization includes interruptions needed to switch channels (if needed).

When a UE prioritizes Uu transmissions over PC5 transmissions then we propose that for Mode 2, UE can select another resource to transmit on so that the latency requirements are met. The UE can use Mode 2 resource selection scheme based on SA decoded sensing or energy sensing to select one resource among the remaining resources that meet the latency requirements.
Proposal 4: For Mode 2 when a UE prioritizes Uu transmissions over PC5 transmissions the UE can reselect another resource using the Mode 2 resource selection to select resources among the remaining resources that meet the latency requirements.

We next consider cross carrier scheduling. During RAN1#85bis the following agreement was achieved on cross carrier scheduling.

Agreements:
· Support cross carrier scheduling for sidelink SPS and dynamic scheduling for V2V with mode-1

· PC5-based V2V design will support the multiple-operator scenario but not be optimized for it.

· Details FFS, e.g.,
· How to handle timing difference between eNB timing and PC5 timing, when it exists

· PC5 resource partitioning among multiple operators

· Resource coordination across operators is out of 3GPP scope.
While cross carrier scheduling has been specified for carrier aggregation there are a few differences that need to be taken into account for V2V sidelink case. The first difference is that the V2V may occur over a carrier that is not active or configured for the UE, .e.g., ITS spectrum at 5.9GHz. Therefore a mapping between CIF index and the V2V sidelink carrier needs to be specified. This can be pre-configured or configured by the eNodeB.

Proposal 5: A mapping between CIF index and the V2V PC5 carrier is preconfigured or RRC-configured by eNodeB.

Furthermore the timing between the scheduling carrier and the V2V PC5 carrier can have an arbitrary offset. To take this into account we propose that the cross carrier grant applies to the first subframe on the PC5 carrier that occurs 3ms after that grant.

Proposal 6: Cross carrier grant applies to the first subframe that occurs 3ms after the grant on the scheduling carrier.
3
Conclusion

In this contribution we made the following proposals and observations on coexistence between V2V PC5 and LTE Uu.

Proposal 1: UEs can report the timing offset changes between WAN and GNSS timing to their eNodeBs. 
Observation 1: Since V2V messages are used for safety and may have tight latency requirements sometimes V2V PC5 transmissions should be prioritized over Uu transmissions.

Proposal 2: Whenever a time domain conflict occurs between transmission of a V2V synchronization signals (i.e., PSBCH, PSSS & SSSS) and Uu uplink transmission the transmission of V2V synchronization signals should be prioritized. Such prioritization includes the interruptions (if needed).

Observation 2: Reusing sidelink discovery gaps bitmap based approach is not desirable. This is because V2V sidelink transmissions occur much more frequently and are not completely predictable.
Proposal 3: A set of PPPP can be configured/pre-configured. If there is a time conflict between Uu and V2V PC5 PSCCH & PSSCH transmissions then V2V PC5 packets with PPPP value in the set are prioritized compared to Uu transmissions and vice versa. If V2V PC5 transmission is prioritized then prioritization includes interruptions needed to switch channels (if needed).

Proposal 4: For Mode 2 when a UE prioritizes Uu transmissions over PC5 transmissions the UE can reselect another resource using the Mode 2 resource selection to select resources among the remaining resources that meet the latency requirements.

Proposal 5: A mapping between CIF index and the V2V PC5 carrier is preconfigured or RRC-configured by eNodeB.

Proposal 6: Cross carrier grant applies to the first subframe that occurs 3ms after the grant on the scheduling carrier.
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