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1 Introduction

In the RAN #80 meeting, a new SID for NR-V2X was approved and the following is one of the study objective [1]:

4: RAT/Interface selection for operation [RAN2, RAN3]:

In coordination with SA2, study if additional mechanisms are required for decision on whether LTE PC5, NR PC5, LTE Uu or NR Uu shall be used for operation.

In this contribution, we discuss the techniques which needs to be studied to support RAT and interface selection.
2 Discussion
In general, in our understanding, the framework would be 

Step-1: Application make the decision on PC5 / Uu interface selection, and submit the packet into AS layer;

Step-2: AS layer make the decision on LTE/NR RAT selection.

In the following, we describe the details of the interface / RAT selection procedure.

2.1 Uu / PC5 Interface selection by upper layer

For the interface selection, the key problem is whether AS layer needs to make a decision on Uu interface or PC5 interface, for which some difficult points are as follows:
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Figure 1 Protocol stack for IP (TCP/UDP and IP) and non-IP (BTP/GN and WSMP)

· The protocol stack for Uu / PC5 are separated, where the former one is more based on TCP/IP, and the latter one is more based on WSMP or BTP/GeoNetworking, i.e., the interface selection has already been done before packet enters into the AS layer;

· Or even if one consider IP-based packet for both PC5 and Uu, the IP address for PC5 and Uu may not be the same, so that it is hard for AS layer to do interface selection either;

Proposal 1 Rely on upper layer for Uu / PC5 interface selection.

A further issue is whether there is any signalling from AS layer to upper layer needed to assist the interface selection. A number of aspects need to be considered to enable this:
1) As indicated in Figure 1, if any indication is introduced, the indication is to be sent from AS layer to TCP/UDP layer / application layer, i.e., it relies on the premise that the TCP/ UDP layer or application layer has a clear definition of the cross-layer indication. In other words, the specification effort from 3GPP only, but without coordination with TCP/UDP layer / application layer is meaningless.

Observation 1 Without coordination with / primitive definition in application layer protocol, the definition of such cross-layer indication in AS-layer is meaningless.

2) It is questionable how for AS layer to derive the “availability” indication. The availability is not about when a bearer can be established, but more essentially about whether the QoS / QoE requirement can be secured. One interface is unavailable when the QoS / QoE degrades, and this QoS / QoE degradation cannot be derived from the existence of coverage / being barred / radio bearer being established, which are just necessary condition to satisfy QoS / QoE requirement, but not sufficient condition. Rather, UE may base on a number of L12 measurement to verify the current QoS / QoE status, like data rate / latency / reliability and so on. It would be hard for RAN to derive a formula with binary availability outputs, taking all the related L12 measurement as input.
Observation 2 It is infeasible for RAN to define a L1/L2 measurement based formula to judge whether QoS / QoE requirement can be satisfied via either Uu or PC5 interface. 

3) Even if one specify this, finally it is purely an inter-layer signalling, which acts input to application layer decision so cannot enforce the decision of application layer. Considering this, this feature is more a UE-internal implementation which is neither visible nor verifiable.

Observation 3 The cross-layer indication is neither visible nor verifiable.
Proposal 2 RAN2 does not specify cross-layer indication definition to assist upper layer for interface selection.
2.2 RAT selection for PC5
According to the LS from SA2, S2-1901380
SA2 would first like to point out that no V2X service is expected to be required to support multiple PC5 RATs, i.e. any V2X service can be configured to use only one RAT. However, the same V2X service could be made available over one or more PC5 RATs according to the V2X service requirements, RAT capabilities, deployment, applicable regulations, etc.
I.e., SA2 has identified the need of concurrent use of multiple RAT for a same V2X service, e.g.,

· Either to combat with the RAT-specific interference / congestion radio status;

· Or to ensure the reachability assuming different vehicle may be equipped with different RATs;

Observation 4 SA2 has identified the need of concurrent use of multiple RAT for a same V2X service.

Yet there is one further issue from SA2 that

ACTION: 
SA2 would like to request RAN2 to take the above answers into account and provide feedback as necessary, in particular on the concurrent use of multiple PC5 RATs in the same area (whether for the same V2X service or for multiple V2X services).
First of all, concurrent use of multiple RATs for multiple services are straightforward, i.e., service-1 using RAT-1, and service-2 using RAT2. The question is more for the same V2X service on dual PC5 RATs.

Observation 5 Concurrent use of multiple PC5 RATs for multiple services is feasible, while further discussion is needed for same service on multiple PC5 RATs case.
To answer this question, firstly, one needs to know what is the expected functionality at AS layer, mainly on duplication detection / re-ordering functionality.

· If it is not needed, the stacks of the two RATs can operated independently – which means either upper layer does not care in-order-delivery or duplication, or upper layer itself can perform in-order-delivery and duplication.
· Or if it is needed, the stacks of the two RATs have to converge at some layer, in order for duplication detection and reordering method.
Based on the answer to the question above, one can design different AS layer stack accordingly, as shown in Figure 2, where:
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Figure 2 Solution alternative for dual-RAT (left: Alt-A, middle: Alt-B1; right: Alt-B2, where “R&D” function is for re-ordering and duplication detection function, and SN is for SN assignment)
1) Alt-A: no reordering or duplication detection functionality at AS layer:

· Since the re-ordering and duplication detection are performed separately for the two RATs, it allows the single-RAT UE to decode the message;

· For the dual-RAT UE, since there is no re-ordering and duplication detection at AS layer for the two RATs, there might be out-of-order arrival or duplication that for the PDCP SDU delivered to upper layer

2) Alt-B: reordering or duplication detection functionality available at AS layer, which is further split into:

· Alt-B1: reordering and duplication detection performed for PDCP SDU. This alternative is being developed by FeMob WI. 
· It allows separated deciphering / decompression functionality for two RATs, so that even single-RAT UE (LTE-only V-UE and NR-only V-UE) can decode the message; 

· Besides, thanks to a joint re-ordering and duplication detection for PDCP SDU before delivering the packet to upper layer, so that dual-RAT UE (LTE and NR capable UE) can decode the message. 

· Alt-B2: reordering and duplication detection performed for PDCP PDU. This alternative is similar to duplication bearer in MR-DC. 
· Since a single PDCP entity is used, e.g., NR-PDCP can be used, yet it means the legacy LTE-only UE may fail to decode the message;

· Besides, thanks to a joint re-ordering and duplication detection for PDCP SDU before delivering the packet to upper layer, so that dual-RAT UE (LTE and NR capable UE) can decode the message.
Considering the SA2 requirement as follows
That is, PC5 RAT selection for V2X services is performed by the V2X layer as described in Solution #12 in TR 23.786. In other words, if the V2X layer selects PC5 RAT(s) for a V2X service, it passes the packets of this V2X service to each AS layer of the selected PC5 RAT(s) with the corresponding Tx Profile. SA2 has not identified the need for RAT selection at the AS layer.    

In both Alt-B1 and B2, it should be the RAT indication from V2X layer that decide the RAT to use, instead of decision at AS layer.
Observation 6 Alt-B would follow the SA2 requirement that no AS layer RAT selection is needed.

Another issue is whether one would like to enable the single-RAT UE to decode the message. Specifically, if the concurrent use of dual-RAT is to maximize the reachability of messages to both LTE-PC5 RAT and NR-PC5 RAT, it is important that both RAT can receive and decode the message with its own stack. In Alt-B2, similar to Uu interface, one can only rely on NR-PDCP on top of LTE-RLC and NR-RLC, which will however cause LTE-only UE (not supporting NR-PDCP) fails to decode the message. On the other hand, for Alt-A/B1, even single-RAT UE can receive and decode the message. But that is only in case of duplication transmission of each message on both LTE-PC5 and NR-PC5 RAT
Observation 7 Alt-B2 leads to reception failure by LTE V2X UE not supporting NR-PDCP, which is allowed by Alt-A/B1, only in case of duplication transmission in both RATs.
Therefore, RAN2 can perform further down-selection based on SA2 reply on the need of duplication detection and re-ordering functionality at AS layer.

Proposal 3 RAN2 confirm the feasibility of concurrent usage of multiple PC5-RAT, and ask SA2 on the necessity of reordering and duplication detection functionality at AS layer, and if yes, whether reception by LTE-only UE is required.
2.3 RAT selection for Uu

This topic falls into the general discussion for Uu interface, i.e., the inter-frequency and inter-RAT Cell Reselection – for which the basic procedure is already established in R15. 
At the RAN2#1801 AdHoc meeting in Vancouver, the following agreements were made related to the service specific UE behaviour while camping;
Agreements

1
The idle UE considers the frequency to be the highest reselection priority if the idle UE prefers to receive its interested service while camping on a frequency on which it is provided, as in LTE. FFS which service is applied for this rule.

2
Prioritization of multiple services when the idle UE cannot receive all is up to UE implementation. 

Based on the above agreement, the UE camps in the frequency with the highest reselection priority. And further in RAN2#101bis meeting, it was agreed that
=>
Service based cell reselection should be supported in R16.

So that to following the agreement so far, priority based frequency/RAT selection could be supported for NR-V2X.
Proposal 4 Support service-specific Uu frequency / RAT selection for NR-V2X.

Yet these agreement does not touch upon the intra-frequency cell reselection, i.e., the cell ranking procedure should be kept as it is, i.e., relying on cell quality only.

Proposal 5 RAN2 does not pursue revision of cell ranking procedure for NR-V2X.
3 Conclusion
Based on the discussion in section 2, we observe:

Observation 1
Without coordination with / primitive definition in application layer protocol, the definition of such cross-layer indication in AS-layer is meaningless.
Observation 2
It is infeasible for RAN to define a L1/L2 measurement based formula to judge whether QoS / QoE requirement can be satisfied via either Uu or PC5 interface.
Observation 3
The cross-layer indication is neither visible nor verifiable.
Observation 4
SA2 has identified the need of concurrent use of multiple RAT for a same V2X service.
Observation 5
Concurrent use of multiple PC5 RATs for multiple services is feasible, while further discussion is needed for same service on multiple PC5 RATs case.
Observation 6
Alt-B would follow the SA2 requirement that no AS layer RAT selection is needed.
Observation 7
Alt-B2 leads to reception failure by LTE V2X UE not supporting NR-PDCP, which is allowed by Alt-A/B1, only in case of duplication transmission in both RATs.


Therefore, we propose:
Proposal 1
Rely on upper layer for Uu / PC5 interface selection.
Proposal 2
RAN2 does not specify cross-layer indication definition to assist upper layer for interface selection.
Proposal 3
RAN2 confirm the feasibility of concurrent usage of multiple PC5-RAT, and ask SA2 on the necessity of reordering and duplication detection functionality at AS layer, and if yes, whether reception by LTE-only UE is required.
Proposal 4
Support service-specific Uu frequency / RAT selection for NR-V2X.
Proposal 5
RAN2 does not pursue revision of cell ranking procedure for NR-V2X.
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