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1 Introduction

In the last RAN2 meeting, the following agreements on packet duplication for eV2X SL CA were made:
Agreements:

1: Agreed with the need of packet duplication

The above agreement has captured the need of packet duplication, and the discussion further evolved to which layer is used to duplicate packet and how to activate/deactivate the packet duplication.

In this contribution, we discuss protocol architecture and activation/deactivation of packet duplication over eV2X sidelink.

2 Discussion

2.1 Protocol Architecture for Packet Duplication
Packet duplication is introduced to NR to support high reliability for some services (e.g. URLLC). It was agreed in RAN2 #97bis [1] that RRC configures PDCP for duplication and the radio protocols of the UE with separate RLC entities and logical channels to handle duplicates. 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).

Observation1: In NR, PDCP duplication has been agreed for Uu CA.
In NR, the packet duplication has the following protocol as shown in Figure 1. Packet duplication is performed on a bearer level in PDCP and two RLC entities are then mapped below the PDCP of this bearer. The two RLC entities are mapped to the same MAC entity and two different LCIDs are configured respectively. Such that logical channel restriction is needed to ensure that the single MAC entity transmits on different carriers the original packet and the duplicated packet. 
It is reasonable to reuse this mechanism for packet duplication in eV2X CA over PC5. It requires the minimum changes between NR and eV2X CA. That would also reduce specification complexity and devices implementation efforts, otherwise the UEs supporting eV2X would need to implement two different solutions for SL and Uu respectively.

Proposal 1: As per NR, packet duplication over sidelink in eV2X CA should be performed at PDCP layer. 

Proposal 2: The protocol architecture for packet duplication (i.e. one PDCP entity + two RLC entities + one MAC entity) in NR can be referred as a baseline and used in eV2X CA.
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Figure 1 duplication protocol for CA

2.2 Activation/deactivation for Packet Duplication
Under the protocol architecture for packet duplication described in section 2.1, it is necessary to discuss the activation/deactivation for packet duplication in both mode3 and mode4 scenarios.

(1) Mode 3 Scenario

In this scenario, the UE needs to be RRC_CONNECTED in order to transmit data and requests transmission resources from the eNB. The eNB schedules resources for transmission of control information and data over sidelink. 

However, efficiency of packet duplication depends on resource utilization information which is known by network. Thus, for mode 3 scenario, we think that it is beneficial for network to activate/deactivate packet duplication like that in NR. As such, either RRC signaling or L2/L1 signaling (e.g. MAC CE, DCI etc.) can be considered as a preferred solution.
Proposal 3: For mode 3 scenario, packet duplication should be eNB-controlled and activated/deactivated by RRC signaling or L2/L1 signaling (e.g. MAC CE, DCI etc.).

If we could agree Proposal 3, the next issue we need focus on is the configuration granularity for packet duplication. In NR, it has been agreed that PDCP duplication is configurable per DRB [2]. However, SLRB is invisible to eNB, it is needed to solve this issue for the packet duplication in eV2X.

In our opinion, there are two potential options, one of which is configuration per UE. This method is very simple without need of any prior information. However, packet duplication should only be activated for the services with high reliability requirements, not for all the services.  It can be observed that when packet duplication is activated inappropriately,  the risk of congestion would be sharply increased over the sidelink. 

Therefore, another potential option could be considered, i.e. packet duplication activation/deactivation per PPPP or service type. This method is more flexible and eNB can perform packet duplication for the packets with high priority or the services with high reliability requirements.
Proposal 4: For mode 3 scenario, RAN2 needs to discuss and decide whether packet duplication is activated and deactivated per UE, per SLRB or per PPPP/service type. 

(2) Mode 4 Scenario

In this scenario, the UE on its own selects resources from resource pools and performs transport format selection for control information and data transmission over the sidelink. The eNB is not aware of the real-time usage of resource pool.

If eNB-controlled packet duplication is adopted similar to that of mode 3 scenario, the UE in RRC_CONNECTED may report channel status and resource utilization information to the eNB frequently, in order to assist the eNB to configure packet duplication properly. That would bring great signaling overhead. In addition, it is obviously not feasible for UEs in idle state and out of coverage. 

Thus, it is more reasonable for UE to determine the activation/deactivation of packet duplication based on some criteria. The criteria shall be configured by eNB, such that the operators can have control over this function, also it is beneficial for the consistent operation of the eV2X service delivery across different UE vendors. Moreover, the criteria should consider at least channel load status, e.g. when the channel load is high, the activation of packet duplication could be restricted.
Similar to mode 3, the configuration granularity of the criteria for activation/deactivation of packet duplication also be studied by RAN2, e.g. per UE, per SLRB or per PPPP/service type.

Proposal 5: For mode 4 scenario, RAN2 could specify some criteria for UEs to determine if packet duplication should be used. The criteria could be pre-configured to UEs or signaled to UEs by RRC.

Proposal 6: For mode 4 scenario, the configuration granularity of the criteria for activation/deactivation of packet duplication should also be studied, e.g. per UE, per SLRB or per PPPP/service type.

3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposal:
Observation1: In NR, PDCP duplication has been agreed for Uu CA.
Proposal 1: As per NR, packet duplication over sidelink in eV2X CA should be performed at PDCP layer. 

Proposal 2: The protocol architecture for packet duplication (i.e. one PDCP entity + two RLC entities + one MAC entity) in NR can be referred as a baseline and used in eV2X CA.

Proposal 3: For mode 3 scenario, packet duplication should be eNB-controlled and activated/deactivated by RRC signaling or L2/L1 signaling (e.g. MAC CE, DCI etc.).

Proposal 4: For mode 3 scenario, RAN2 needs to discuss and decide whether packet duplication is activated and deactivated per UE, per SLRB or per PPPP/service type. 

Proposal 5: For mode 4 scenario, RAN2 could specify some criteria for UEs to determine if packet duplication should be used. The criteria could be pre-configured to UEs or signaled to UEs by RRC.

Proposal 6: For mode 4 scenario, the configuration granularity of the criteria for activation/deactivation of packet duplication should also be studied, e.g. per UE, per SLRB or per PPPP/service type.
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