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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, some initial discussion took place in last RAN2 and RAN1 meetings about the need of supporting packet duplication. In RAN2#99-bis meeting, the following agreement was reached:
	From RAN2#99-bis agreements:
1. Agreed with the need of packet duplication


Following the above agreement, RAN2 needs to develop a framework to support packet duplication over the sidelink. In this paper, we provide our view on this topic.
2 Discussion
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 which are captured in the SA1 TR [2]. That would also be very beneficial for UEs which have limited RX capabilities and cannot monitor multiple sidelink carriers in parallel or that require RF chains switch to do that. If this feature is supported, at least for high-priority packets, the redundant transmissions of such packets will definitely increase the chances to get the packets correctly.
2.1 Architectural impact

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. The RLC entities are mapped to the same MAC entity and two different LCIDs are configured for that. Such logical channel restriction is needed to ensure that the single MAC entity transmits on different carriers the original packet and the duplicated packet.
This is captured in the following NR agreements:
Agreements from RAN2#97bis:

1: RRC configures PDCP for duplication and the radio protocols of the UE with separate RLC entities and logical channels to handle duplicates (referred to as “legs”)

2: only one additional leg is configured for PDCP duplicates.

3: the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block.
FFS whether in CA case to support PDCP duplicates on the same carrier with some restriction to prevent them from being transmitted on the same transport block. (Noting that we have already agreed that they can be sent on different carriers)

4:
PDCP duplication solution for CA requires only one MAC entity.

5
logical channel mapping restrictions need to be introduced to handle duplicates in within one MAC entity (CA).

Observation 1 In NR, it has been agreed that packet duplication is anchored in PDCP.
Given the above NR agreement, the same assumption as also been made at last RAN2#99-bis meeting for the LTE-URLLC WI.

Agreements from RAN2#99bis:

1: PDCP data duplication for LTE shall assume NR PDCP data duplication as baseline
Such type of architectural issues are common to Uu and PC5, so the architectural design of sidelink packet duplication should be aligned with that of the Uu packet duplication. That would reduce specification complexity and devices implementation efforts, which otherwise would need to implement two different solutions for SL and Uu.
Observation 2 Architectural issues for packet duplication are common to Uu and PC5. It is important to minimize changes between Uu and PC5.
Proposal 1 Sidelink packet duplication in LTE is anchored at PDCP. 

In the above NR agreements, it is important to note that RAN2 has also agreed that logical channel restrictions will be applied to duplicates. This is an important step in the packet duplication, because the MAC layer needs to make sure to transmit the original and the duplicate packet on different carriers by different HARQ entities, in order to achieve frequency diversity gains.
Agreements from RAN2#98:

1
Duplication on a single carrier will not be supported

2
RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported (One carrier cannot have both of the duplicate LCHs mapped to it)

3
Duplicated PDCP PDUs are submitted to two different RLC entities

Observation 3 In Uu packet duplication, two different logical channels are used for the duplicate packets so that the MAC layer can transmit them via different HARQ entities on different carriers.
Again, for the sidelink, we propose to have similar architectural impact as in Uu. Therefore, it seems natural to assume that two different RLC entities handle duplicated PDCP PDUs and two different logical channels so that the MAC entity submit the duplicated packets to different HARQ entities. As a consequence, also in the sidelink, it is assumed that duplicate packets are sent on different carriers, in order to fully exploit the frequency diversity of duplicated transmissions.
Proposal 2 As for the Uu packet duplication, duplicated sidelink PDCP PDUs are submitted to two different RLC entities and associated to two different logical channels.

Proposal 3 As for the Uu packet duplication, sidelink packet duplication on a single carrier is not supported, i.e. the MAC layer cannot multiplex the two logical channels associated to a duplicate packet into the same HARQ entity.

Regarding the configuration of which logical channels to use for duplicated transmissions, in Uu it is the eNB that indicates that, as part of the data radio bearer configuration. In sidelink, there is no radio bearer configuration which indicates the logical channels to use, on the other hand, the LCID to use for a certain packet transmission is selected by the UE implementation (e.g. based on the PPPP). Therefore, it has to be discussed in RAN2 how the UE can make sure that packets carried by duplicated RLC entities are mapped to different HARQ entities at MAC layer. For example:

1. The (pre)configuration may for example indicate the one (or more) LCIDs that can be used for transmission of one replica of the duplicate transmission, and leave the choice of the LCID associated to the other replica to the UE. 
2. It is the UE implementation that selects the LCIDs for both duplicate packets.

The first option has the advantage to ensure a unified behaviour across UEs, and avoid the risk that duplicate transmissions of certain UEs get too high logical channel priority, thus stealing resources to other UEs. However, regardless of which of the above options is deemed better, the important thing is that the one (or more) LCIDs used for one replica of the duplicate transmission are reserved in the UE, so that the MAC layer in the UE can determine whether it can multiplex different packets having different logical channels in the same HARQ entity or not.
Proposal 4 The LCID(s) that can be used for transmission of one replica of a duplicate packet are reserved, i.e. they cannot be used by non-duplicated packet transmission. RAN2 to discuss whether this reservation should be (pre)configured or up to the UE implementation.
2.2 Configuration of sidelink packet duplication

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, especially considering that packet duplication certainly increases the amount of overhead transmitted over the sidelink. Since the main reason for introducing sidelink packet duplication, is to enhance reliability, we believe that the usage of such feature should depend on the reliability of the packets to be transmitted.

Proposal 5 (Pre)configuration may indicate the needed reliability for which a packet can be duplicated over the sidelink by the UE.
One way to realize Proposal 5, could be to enable such feature only for certain PPPPs. However, we note that the PPPPs do not reflect the reliability of a V2X packet. As highlighted below, in Rel.14, it is assumed that the application layer maps the PPPP values in order of the packet delay budget (PDB). 
	From TS 36.300:

23.14.1.1
Support for V2X sidelink communication

…..
-
The Access Stratum (AS) is provided with the PPPP of a protocol data unit transmitted over PC5 interface by higher layers. The packet delay budget (PDB) of the protocol data unit can be determined from the PPPP. The low PDB is mapped to the high priority PPPP value [72].-
The existing logical channel prioritization based on PPPP is used for V2X sidelink communication.


With the above Rel-14 assumption, it is obvious that the PPPP values assigned by upper layers do not provide any indication of the reliability of a certain packet, unless it is assumed that the latency requirement order also reflects somehow the reliability requirement order, which seems to be not reasonable. Even assuming that in Rel.15 the above Rel.14 assumption does not hold anymore, i.e. that PPPPs only represent the packet priorities with no association with the latency properties of the packet, it remains the problem of how to associate the PPPP values to reliability packet properties.
Observation 4 In Rel.14, the PPPP values are assigned by the application layer in order of packet delay budget (PDB), and no indication of the reliability of a packet is associated to it. 

Given the above Observation 4, we assume that another indicator different from the PPPP should be used to address the reliability values which are needed to properly enable sidelink packet duplication at AS layer. As such, we propose to send an LS to SA2 indicating the need to introduce such new indicator.
Proposal 6 In order to properly enable sidelink packet duplication, the AS layer needs to be provided with the reliability value of a packet to be transmitted over the PC5. The LS to SA2 is available in [5]. 
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, together with the reliability of the packet to transmit (as proposed in Proposal 5), it may be beneficial to also consider other factors to limit the use of packet duplication in some cases, e.g. when sidelink load is high. 

Proposal 7 (Pre)configuration determines channel conditions (e.g. CBR values) under which sidelink packet duplication can be used by the UE.  

3 Conclusion

In section 2 we made the following observations:
Observation 1
In NR, it has been agreed that packet duplication is anchored in PDCP.
Observation 2
Architectural issues for packet duplication are common to Uu and PC5. It is important to minimize changes between Uu and PC5.
Observation 3
In Uu packet duplication, two different logical channels are used for the duplicate packets so that the MAC layer can transmit them via different HARQ entities on different carriers.
Observation 4
In Rel.14, the PPPP values are assigned by the application layer in order of packet delay budget (PDB), and no indication of the reliability of a packet is associated to it.


Based on the discussion in section 2 we propose the following:
Proposal 1
Sidelink packet duplication in LTE is anchored at PDCP.
Proposal 2
As for the Uu packet duplication, duplicated sidelink PDCP PDUs are submitted to two different RLC entities and associated to two different logical channels.
Proposal 3
As for the Uu packet duplication, sidelink packet duplication on a single carrier is not supported, i.e. the MAC layer cannot multiplex the two logical channels associated to a duplicate packet into the same HARQ entity.
Proposal 4
The LCID(s) that can be used for transmission of one replica of a duplicate packet are reserved, i.e. they cannot be used by non-duplicated packet transmission. RAN2 to discuss whether this reservation should be (pre)configured or up to the UE implementation.
Proposal 5
(Pre)configuration may indicate the needed reliability for which a packet can be duplicated over the sidelink by the UE.
Proposal 6
In order to properly enable sidelink packet duplication, the AS layer needs to be provided with the reliability value of a packet to be transmitted over the PC5. The LS to SA2 is available in [5].
Proposal 7
(Pre)configuration determines channel conditions (e.g. CBR values) under which sidelink packet duplication can be used by the UE.
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