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1 Introduction
During the RAN2#122 meeting [1], the following agreement for SL CA issue of Groupcast/Broadcast has been reached:
	Agreements on backward compatibility issue in SL CA (for GC/BC)
· Consider a case that a V2X service which needs to be mapped into multiple carriers while there is at least one legacy UE to receive this V2X service. RAN2 further discuss whether TX profile approach can be supported.


In this paper, we discuss the remaining “RAN2 further discuss whether TX profile approach can be supported” part of the above issue. 
2 Discussion  
For V2X services with SL CA, there are two cases:
1) V2X service which needs to be backward-compatible with Rel-16 or Rel-17 V2X UE

2) V2X services which does not need to be backward-compatible with Rel-16 or Rel-17 V2X UE.

For Case 1, as legacy V2X UE only support single-carrier operation in AS layer, the Rel-18 TX UE need to consider backward compatibility issue and need ensure the legacy Rel-16/Rel-17 UE can receive all the SL traffic in the legacy SL carrier. 

For Case 2, there is no legacy UE to be considered, the Rel-18 TX UE can select any subset of TX carriers allowed and the UE could be allowed to use CA PDCP duplication or split the traffic in different SL carriers.

To differentiate those two above cases, for each V2X service identifier, there should be a clear indication that whether SL CA GC/BC scheme shall consider backward-compatibility or not. 

To determine a proper method for Rel-18 TX UE, let us analyze how Rel-16/Rel-17 legacy UE’s service-to-carrier mapping works first. 

According to SA2 TS 23.287 [2], for a legacy NR V2X UE (in Rel-16/Rel-17), the UE is likely to be provisioned with multiple carrier frequencies for a certainV2X service type. Even in a certain geographical region, multiple SL carriers are allowed for a V2X service from the upper layer perspective, as quoted below:

	5.1.2
Authorization and Provisioning for V2X communications over PC5 reference point

5.1.2.1
Policy/Parameter provisioning

<text omitted>

6)
Policy/parameters when NR PC5 is selected:

-
The mapping of V2X service types to V2X frequencies with Geographical Area(s).
<text omitted>


The Stage-3 implementation of the above requirements manifest that multiple SL frequencies are allowed to be provisioned for a service identifier per geographical area, as shown in Figure 5.3.1.33 - 5.3.1.36 in subclause 5.3.1 of 3GPP TS 24.588 [3]. 

And those multiple SL frequencies are all passed down to the AS layer, according to subclause 5.4.1.1.3 of TS 23.287 [2] below:
	5.4.1.1.3
Handling of PC5 QoS Flows based on PC5 QoS Rules

<text omitted>

In addition, the V2X layer also provides the communication mode (e.g. broadcast, groupcast, unicast) and radio frequencies to the AS layer for the PC5 operation. The radio frequencies are determined based on the V2X service type. The V2X layer ensures that V2X service types associated with different radio frequencies are classified into distinct PC5 QoS Flows.


Also, V2X services’ requirements are in general not strictly linked to 3GPP releases, but more or less subject to regional regulations and deployment scenarios. As discussed in RAN2#122 meeting [4], it is wrong to assume all NR V2X services provisioned to a Rel-17 V2X UEs are only mapped to a single carrier. That is a misunderstanding of the spectrum requirements of 5G V2X use cases, which is against the automotive industry’s interests to seek additional ITS spectrum, and unnecessarily constrains the performance of those use cases. 

Thus, we like to confirm the following observation first:

Observation 1: 
V2X layer of R16/R17 legacy UE is already configured with multiple SL frequencies for a certain service identifier.

Rel-16/17 single-carrier limit is an AS layer constraint, which RRC configuration (SIB12/Preconfiguration/dedicated RRC signaling) only configures a single carrier for V2X operation of NR Rel-16/17. This AS layer constraint is applicable to traffic of all V2X services passed down from V2X layer, which is not dependent on any service identifier, as shown in Figure 1 below. Note that TX profile for a certain GC/BC service is passed down to AS layer for SL-DRX compatibility for Rel-17 UEs.
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Figure 1: Legacy Rel-17 UE case 

Observation 2: 
The single-carrier constraint of R16/R17 legacy UE is an AS layer configuration, which is independent of service identifier/types.

Based on the discussion in RAN2#122 meeting, there could be two potential solutions to differentiate the Case 1 (in need of backwards compatible) and Case 2 (no need of backward-compatible with legacy) :

Option 1: indicate backward-compatibility by enhancing GC/BC TX profile;
Option 2: associate a backward-compatible SL carrier to the service identifier within the service-to-carrier mapping.  

How the above two options can be implemented to let a R18 TX UE to choose a SL CA transmission which is backwards-compatible with legacy UEs are highlighted below in Figure 2:
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Figure 2: R18 Solutions for GC/BC Backward-compatibility 

With the Option 1 TX-profile approach (as depicted in (a) of Figure 2), there is no need for any new change to “service-to-carrier” mapping part for GC/BC case, which can be kept exactly the same as Rel-16/Rel-17 legacy. Only the TX profile needs to be enhanced which can be done by RAN2 alone. The legacy SL carrier (e.g., f2 as shown in Figure 2) is indicated in RRC layer (e.g., by a Rel-18 gNB which also supports R16/R17 UEs). So there is no additional change needed for SL configuration, either. If a V2X GC/BC service is indicated by the TX profile to be backward-compatible (e.g., not CA compatible), the Rel-18 UE can easily identify the legacy SL carrier. Then it will consider to transmit in a way backwards compatible with the legacy SL carrier. The only possible SA2 impact with this approach could be adding a high-level description of TX profile enhancement in Stage-2 TS, if needed. 
However, if we follow the other approach (Option 2) to explicitly indicate the legacy SL carrier frequency in V2X layer (as depicted in (b) of Figure 2), then the legacy SL carrier has to be identified and indicated for every service identifier. There would be some major impacts to upper layer with this approach:

1) Identifying R16/R17 legacy SL carrier per each service identifier per each geographical area is non-trivial work, as those are non-existent in V2X layer in Rel-16/Rel-17. The increased workload will make the higher-layer provisioning of V2X service in Rel-18 inconsistent from earlier releases, and be very complicated.

2) This would add unnecessary signaling overhead in V3 interface, as this needs to be added for each service identifier provisioned.

3) This would cause extra specification change in SA2 & CT1 specifications for Rel-18 V2X UEs, in regards of provisioning and inter-layer interactions.
4) Finally, Option 2 (upper layer indicating the carrier information) does not work for Rel-18 practically, because it would require a study of the issue in SA2, given that how to determine the carriers (legacy or non-legacy) to use had never been properly discussed in SA2 before. But SA2 has no Rel-18 WI for V2X and SA2 has already passed Rel-18 freeze deadline. On the contrary, Option 1, if adopted, is purely an inter-WG alignment for SA2 regarding the TX profile, and can be handled with LSs.
Therefore, we have the following two observations which favor Option 1 over Option 2:

Observation 3: 
The upper layer approach to solve backward-compatibility by indicating the legacy carrier has major impact to SA2 specification, and is infeasible as SA2 has already frozen the Rel-18 Stage-2 work.

Observation 4: 
TX profile approach can solve SL CA backward compatibility issue for GC/BC case w/o introducing any specification impact to “service-to-carrier” mapping in upper layers.
Note that Rel-17 TX profile was designed for SL-DRX for GC/BC case. The TX profile design can be easily extended to cover the SL CA case in Rel-18. The impact to AS layer is quite limited.
Observation 5: 
TX profile approach has very limited impact to AS layer.
Based on the above discussion, we propose RAN2 to adopt the TX profile approach for the GC/BC case to solve backward-compatibility issue for SL CA.
Proposal 1: 
Use TX profile to solve the SL CA backward compatibility for GC/BC.
3 Conclusion
In this contribution, we discuss the backward compatibility issue in SL CA for groupcast and broadcast and have the following observations:

Observation 1: 
V2X layer of R16/R17 legacy UE is already configured with multiple SL frequencies for a certain service identifier.

Observation 2: 
The single-carrier constraint of R16/R17 legacy UE is an AS layer configuration, which is independent of service identifier/types.

Observation 3: 
The upper layer approach to solve backward-compatibility by indicating the legacy carrier has major impact to SA2 specification, and is infeasible as SA2 has already frozen the Rel-18 Stage-2 work.

Observation 4: 
TX profile approach can solve SL CA backward compatibility issue for GC/BC case w/o introducing any specification impact to “service-to-carrier” mapping in upper layers.

Observation 5: 
TX profile approach has very limited impact to AS layer.
We have the following proposal:

Proposal 1: 
Use TX profile to solve the SL CA backward compatibility for GC/BC.
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