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Introduction
[bookmark: _Ref178064866]RAN plenary #75 approved a work item for 3GPP V2X Phase 2 [1] to support advanced V2X services as identified in SA1 TR 22.886 [2]. Carrier aggregation (CA) was included as one of the objective of the WID as stated below:
1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]
a) Carrier aggregation (up to 8 PC5 carriers);
b) 64QAM;
c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;
In RAN1#89, it was further agreed that 3 use cases are considered for CA with a note saying that all use cases may not be necessarily supported: 
· Parallel transmission of MAC PDUs (‘parallel’ means at the same or different transmission time, but on different carriers). The MAC PDU payloads are different.
· Parallel transmission of replicated copies of the same packet (‘parallel’ means at the same or different transmission time, but on different carriers)
· FFS at which layer replication is done
· Capacity improvements from the receiver perspective
· Note: From the receiver’s perspective, simultaneous reception over multiple carriers is assumed. From a transmitter’s perspective, transmission occurs over a subset of the available carriers
· For example, capacity could be increased a UE transmits on a single carrier (which can be different for each UE), but receives over all carriers
In this contribution, we discuss each of the agreed use case of CA on PC5 and further provides the guidelines to be considered while specifying the corresponding solutions. 
Discussion
As V2X applications advance, transmission of short messages about vehicles’ own status data will be complemented with transmission of larger messages containing raw sensor data, vehicles’ intention data, coordination and confirmation of future manoeuvres, and so on. For these advanced applications, the expected requirements on the needed data rate, reliability, latency, communication range, etc., are more stringent. 
Observation 1	New advanced V2X applications demands increased performance of RAT in terms of data rate, reliability, latency and coverage.
Due to different use cases’ requirements being fulfilled by different 3GPP releases, it may lead to a deployment situation with UEs supporting different releases targeting different requirements. Therefore, it is necessary that the new releases remain backward compatible whenever possible. That means, Release 15 UE should be able to transmit using Release 14 procedures (whenever necessary) in order to be listened by Release 14 UEs. 
Support of new features (such as carrier aggregation) must ensure backwards compatibility whenever possible. 
In the following, we discuss each of the agreed use-case of CA keeping in mind the backwards compatibility feature.
Increasing data rates
The inherent advantage of using multiple carriers is to allow the simultaneous transmission of multiple MAC PDUs carrying different payloads over several carriers. This results in increased user data rates. 
Already in Rel.14, it is possible for a UE, that is capable, to perform PC5 operations on multiple carriers. In particular, RAN4 has specified UE requirements for PC5 transmission/reception on at most 2 component carriers in the band 47 [3]. The reason to introduce such multi-carrier capability is due to the fact that different ITS spectrum regulatory bodies may require that messages for different ITS services (e.g. safety/non-safety) are sent on different ITS carriers. For example, a UE should be able to at least monitor the ITS safety carriers deployed in a certain region. Therefore, in Rel.14 the decision on which PC5 carrier to monitor or to transmit strictly depends on regional regulation and pre-configuration. As clarified in the LS from SA2 to RAN2 [4], the mapping between service types and V2X frequencies is configured by the upper layers, and it can be provisioned via V3 or preconfigured in the UE. 
[bookmark: _Toc489279857][bookmark: _Toc489281158][bookmark: _Toc489281159][bookmark: _Toc489281186][bookmark: _Toc489281243][bookmark: _Toc489431594][bookmark: _Toc489431607]Observation 2	In Rel.14, the multi-carrier framework was motivated by the need to transmit different ITS services (e.g. safety/non-safety) on different carriers as indicated by upper layers (e.g. depending on ITS regulatory requirements).
However, the need of increased data rates requires the use of transmitting on multiple carriers simultaneously (i.e. carrier aggregation). Furthermore, CA has been introduced for LTE downlink in Release 10. Uplink CA support and other enhancements, such as cross-carrier scheduling, were introduced in the later releases. Nevertheless, we believe that not all the features of Uu CA are required or beneficial for PC5. For instance, there is no need to describe the PC5 CA framework consisting of Pcells or Scells. Furthermore, the sidelink carriers’ selection criteria for simultaneous transmission may be different than that of Uu and depends on congestion on each carrier, sidelink buffer status, packet priority (i.e. PPPP) etc. 
RAN1 should first analyse the need and benefits of a certain Uu CA framework feature before reusing it for PC5. 
Increasing reliability
In [2], SA1 poses reliability targets higher than 99% to enhance the perception of the surrounding environment and avoid accidents. Higher transmission reliability can be achieved using CA framework by repeating the transmission of same packet over multiple carriers i.e. exploiting the frequency diversity. Packet duplication is a feature that is going to be specified in the NR framework to improve reliability of certain applications and it is also planned in LTE as part of the LTE-URLLC WI [5]. The same benefits are expected in sidelink as well. In case of CA, parallel transmission of replicated copies of the same packet on different carriers should be supported especially for those V2X applications requiring high reliability and/or low latency.
[bookmark: _Hlk487095905][bookmark: _Toc489367060][bookmark: _Toc489367082][bookmark: _Toc489367123]Introduce sidelink packet duplication based on CA framework. 
However, there are different options to do packet duplication based on CA which are briefly described below along with their pros and cons as well as RAN1 specification impact.
· Duplication at lower layers: In this case, multiple transport blocks of the same size are created by the MAC entity and filled with the same duplicated MAC PDU (i.e. same transport blocks). This option makes it possible to perform joint decoding (soft combining) in the receiver. However, in this option the transmissions among different carriers are coupled, i.e. require the same transport block size (TBS), which may not be always possible depending on carrier bandwidths and traffic loads. This options results in RAN1 impact given that SAs must be linked with each other i.e. it should contain information about the duplicated TB. 
[bookmark: _Toc474328927]Observation 3	MAC PDU duplication requires strict alignment of transmissions (same transport block size) over different carriers and has RAN1 impact. 
· Duplication at higher layers: Duplication at higher layers (either RLC or PDCP) has an advantage that transmissions among carriers, e.g. TBS and the required spectrum, are entirely independent. If MAC SDUs are duplicated at RLC layer, the existing RLC duplicate discard function would handle the duplicates on the receiver side. Another option is to use PDCP level duplication which allows to reuse the PDCP split bearer (specified for dual connectivity) in CA. In this case, the RLC entities, i.e. logical channels below the split-PDCP, are associated with same MAC entity as in CA. Furthermore, it is to be noted that duplication at higher layer will not have any RAN1 impact. 
Observation 4	Duplication at higher layer do not require strict alignment among carriers and therefore has no RAN1 impact. 
Based on analysing the pros and cons of each option, we propose the following:
Packet duplication is done at higher layers and the details are FFS.
Further details on packet duplication can be found in our contribution to RAN2 [6].
Increasing system capacity
Simultaneous transmission and reception ability over multiple carriers naturally results in system capacity improvements both from transmitter as well as receiver perspective. 
From Tx perspective, we wish to support simultaneous transmissions (either same or different packets) over multiple carriers depending on UE Tx capabilities. Furthermore, a UE should be dynamically able to switch across Tx carriers for the purpose of load balancing across multiple carriers. As mentioned above, the carrier selection can be done based on parameters like traffic load (i.e. CBR), buffer status, priorities of the packets etc. 
From Rx perspective, clearly, a UE with additional capability benefits from enhanced system capacity improvement, but the protocols should enable reception also for UEs with single Rx chain (e.g. Rel. 14 UEs) as our proposal 1. Therefore, from a Rx perspective we do not see the point of supporting dynamic carrier switching. A UE should better monitor multiple carriers (depending on its UE capability) continuously also to capture the associated SCI.
In terms of Tx and Rx capabilities, we propose the following:
· A UE should be able to transmit simultaneously on multiple carriers depending on its capabilities along with the support of dynamic carrier selection. 
· A UE may receive on multiple carriers depending on its capabilities. However, dynamic carrier selection is not needed from Rx perspective. 
Conclusion
In section 2, we made the following observations:
Observation 1	New advanced V2X applications demands increased performance of RATs in terms of data rate, reliability, latency and coverage.
Observation 2	In Rel.14, the multi-carrier framework was motivated by the need to transmit on different carriers different ITS services (e.g. safety/non-safety) as indicated by upper layers (e.g. depending on ITS regulatory requirements).
Observation 3	MAC PDU duplication requires strict alignment of transmissions (same transport block size) over different carriers and has RAN1 impact. 
Observation 4	Duplication at higher layer do not require strict alignment among carriers and therefore has no RAN1 impact.
Based on the discussion in section 2, we propose the following:
Proposal 1	Support of new features such as carrier aggregation must ensure backwards compatibility whenever possible. 
Proposal 2	RAN1 should first analyse the need and benefits before reusing certain Uu CA framework features for PC5. 
Proposal 3	Introduce sidelink packet duplication based on CA framework. 
Proposal 4	Packet duplication is done at higher layers and the details are FFS.
Proposal 5	 In terms of Tx and Rx capabilities, we propose the following:
· A UE should be able to transmit simultaneously on multiple carriers depending on its capabilities along with the support of dynamic carrier selection. 
· A UE may receive on multiple carriers depending on its capabilities. However, dynamic carrier selection is not needed from Rx perspective. 
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