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1 Introduction
RAN plenary #75 approved a work item for 3GPP V2X Phase 2 [1] to support advanced V2X services which are identified in SA1 TR 22.886 [2]. Carrier aggregation 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 relationship to the objective highlighted above on carrier aggregation, it was further agreed in RAN1#89 meeting that 3 use cases are considered for carrier aggregation with a note saying that all use cases may not necessarily be supported: 

	From RAN1#89 agreements:

· 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

 


From the above list of the agreements, in this paper we focus on some RAN2 aspects related to how parallel transmission of replicated copies of the same packet (i.e. packet duplication) should be performed for PC5.
2 Discussion
Advanced V2X operations for evolved LTE RAT and NR should target a new set of use cases such as remote driving, automated driving, cooperative drving, and sensors integration. Vehicles can exchange real time information (based on vehicle sensors information or sensor data from a capable UE-type RSU) among each other in the neighbour area and coordinate to mitigate risk for crashes.

For these advanced applications, the expected requirements on the needed data rate, reliability, latency and communication range, etc., may be more stringent. In particular, regarding reliability, SA1 poses a reliability target of 99.99% for some applications (e.g. automated cooperative driving) to enhance the perception of the surrounding environment and avoid accidents [2].
Proposal 1 Rel.15 V2V should achieve higher reliability of sidelink message exchange to mitigate risk of vehicular crashes.

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 [3]. The same benefits are expected in sidelink as well. In case of carrier aggregation, 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.

Proposal 2 Introduce sidelink packet duplication as a means to enhance reliability. 

From an architectural point of view different options may be envisaged. The solution currently discussed in NR is that packet duplication is performed on a bearer level in PDCP and two RLC entities are then mapped below the PDCP of this bearer. Such RLC entities may be mapped either to the same MAC entity or to different MAC entities as in the dual connectivity framework. In the first case, a logical channel restriction is needed to ensure that the single MAC entity transmits on different carriers the original packet and the duplicated packet.

In any case, we believe that such architectural issues are common to Uu and PC5 and that the architectural design of sidelink packet duplication should be aligned with the Uu packet duplication which is going to be discussed in the LTE-URLLC WI.

Proposal 3 From architectural perspective, the sidelink packet duplication solution should be aligned with the Uu packet duplication solution, which is going to be discussed in [3]. 

Since data duplication may be more useful for services requiring high reliability, it should be possible to only configure it for certain specific services, in order to avoid a misuse of this feature. For example, the network can signal the PPPPs for which the UE is allowed to perform packet duplication. 

Proposal 4 (Pre)configuration may indicate the PPPPs for which the UE is allowed to perform sidelink packet duplication.
Obviously, for a UE in RRC connected mode, there is the need to signal whether it is capable of supporting packet duplication or not, so that the eNB can decide whether to configure it or not.

Proposal 5 The UE may report its capability regarding support of sidelink packet duplication in CA. 
Furthermore, there might be the need to specify some rules on when to activate or deactivate the packet duplication, e.g. on the basis of certain parameters like channel conditions, congestion etc. This seems to be particularly useful for mode-4 UEs. For instance, packet duplication will increase the effective traffic transmitted over sidelink carriers, which eventually may negatively impact the sidelink performance if sidelink is already overloaded. Therefore, it may be beneficial to limit the use of packet duplication when e.g. sidelink load is high. 

Proposal 6 (Pre)configuration determines conditions that should be fulfilled for the UE to enable sidelink packet duplication, e.g. sidelink load situation, channel conditions etc.  

3 Conclusion

In section 2 we made the following observations:
Observation 1


Based on the discussion in section 2 we propose the following:
Proposal 1
Rel.15 V2V should achieve higher reliability of sidelink message exchange to mitigate risk of vehicular crashes.
Proposal 2
Introduce sidelink packet duplication as a means to enhance reliability.
Proposal 3
From architectural perspective, the sidelink packet duplication solution should be aligned with the Uu packet duplication solution, which is going to be discussed in [3].
Proposal 4
(Pre)configuration may indicate the PPPPs for which the UE is allowed to perform sidelink packet duplication.
Proposal 5
The UE may report its capability regarding support of sidelink packet duplication in CA.
Proposal 6
(Pre)configuration determines conditions that should be fulfilled for the UE to enable sidelink packet duplication, e.g. sidelink load situation, channel conditions etc.
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