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1 Introduction

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

2 Discussion

2.1 Issues on Protocol Architecture
In the last RAN2 meeting [1], the following agreements on packet duplication for eV2X sidelink CA were made:
Agreements

1 Sidelink packet duplication in LTE is anchored at PDCP.

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.
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.
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 LCID(s) for the duplicated packet should be (pre)configured or hard-coded or up to the UE implementation. (FFS (pre)configuration or hard-coded or up to the UE implementation. Option should be worked for both mode3 and mode4.)
5 Will ask SA2 the possibility to derive reliability inforamtion. Will include some background information for packet duplication and the benifits of reliability indication. Includes background information of Rel-14 PPPP.
The above agreement has captured the basic protocol architecture of packet duplication, and the discussion further evolved to whether this LCID(s) for the duplicated packet should be (pre)configured or hard-coded or up to UE implementation.
From the Rx UE perspective, UE needs to know which sidelink logical channels are enabled with duplication and thus associated with the same PDCP entity, so that the data received from these logical channels can be delivered to the specific PDCP entity correctly. In NR, over the Uu interface, the association between the two different RLC entities corresponding to two different logical channels and their PDCP entity are directly indicated by the eNB via dedicated RRC configurations. However, different from Uu, the logical channel for V2X sidelink communication is autonomously configured by the UE itself and eNB is not aware of the logical channels over the sidelink at all. To solve this problem, RAN2 has agreed that the LCID(s) used for transmission of a duplicate packet are reserved, i.e. they cannot be used by non-duplicated packet transmission. Meanwhile, RAN2 has proposed there options to achieve the mapping between the original logical channels and duplicated logical channels:
· Option-A: Hard-corded method – E.g., for all UEs, there is a fixed mapping which is hard-corded  between the original logical channels and duplicated logical channels, i.e. for each LCID from 1 to 10, there is a reserved corresponding LCID which is fixed in the specification and cannot be used by non-duplicated packet transmission. 
· Option-B: Configured/Preconfigured method – For each UE, the (pre)configuration may indicate the one (or more) LCIDs that can be used for transmission of duplicate packets, e.g., LCID 1 to 10 always map to SLRB 1-10 one-by-one, and LCID 11 to 20 can be configured respectively for duplication transmission. There is a flexible mapping between the original logical channels and duplicated ones.
· Option-C: Up to UE implementation – It is the UE implementation that selects the LCIDs for the duplicated logical channel.
Although Option B is more flexible on the assignment of duplicated LCIDs, it has some drawback for example, when the LCID configuration of the transmitter mode3 UE was changed, the receiver mode 4 UEs in OOC cannot be aware of such change, which will lead to the inconsistency between Tx UEs and Rx UEs. When receiving a duplicate of the logical channel data, Rx UE is unable to send it to the correct PDCP entity.
If Option C, i.e. the UE implementation, is adopted, the behaviour consistency between Tx UEs and Rx UEs cannot be guaranteed due to different vendors’ implementations.

Considering option-B and option-C both might lead to the inconsistency between UEs, we prefer Option-A, i.e. hard-coded method. Referring to TS 36.321, for sidelink 17 LCIDs are reserved so far, which are sufficient for duplicate transmissions. At the same time, the hard-coded method is the simplest one, and is beneficial to guarantee the alignment between Tx UEs and Rx UEs.
Proposal 1: The LCID(s) for the duplicated packet should be hard-coded, for which the implementation is the simplest, and it is beneficial to guarantee the alignment between Tx UEs and Rx UEs.
2.2 Activation for Packet Duplication
In this section, we discuss the activation of packet duplication for mode 4 UE and mode 3 UE respectively.

(1) Mode 3 Scenario

In this scenario, the mode 3 UE is in RRC_CONNECTED and under control of the serving eNB. The eNB is responsible for scheduling resources for the UE transmission over the sidelink. Considering effect of packet duplication relying on resource utilization information which is known by network, for mode 3 UEs, we think that it is beneficial for network to activate/deactivate packet duplication like that in NR.
The packet with high reliability should use duplication transmission to increase the probability of receiving the packet correctly. Therefore, UE determines whether to use the duplication function according to some QoS parameters (BER, etc.) which is derived from upper layer. In combination with the result of carrier selection, UE requests the packet duplication transmission and corresponding carrier resources allocation from the eNB. The eNB determines whether the packet duplication is activated according to the load status of the UE requested carriers, which can be indicated to UE through RRC signaling, MAC CE or DCI.

Proposal 2: For mode 3 UEs, packet duplication should be eNB-controlled and could be (de)activated by RRC signalling, MAC CE or DCI.

(2) Mode 4 Scenario

In this scenario, the UE on its own selects resources from resource pools without involvement of the eNB and performs transport format selection for control information and data transmission over the sidelink. As such, the eNB is not aware of the real-time usage of resource pool.

In the last RAN2 meeting [1], the following agreement on activation of packet duplication was made:
Agreements:

1. For mode4 (connected and idle), UE autonomous activation of duplication transmission on multiple carriers is allowed based on (pre)configuration. FFS on UE request to NW for duplication transmission.
In our understanding, the (pre)configuration should consider at least channel load status, e.g. when the channel load is high, the activation of packet duplication should be restricted. At the same time, the reliability information should also be considered, i.e. it is preferred that packet duplication could only be enabled for service packets with high reliability requirements.
Some companies also proposed that UE needs to request the packet duplication function from the network, for which UE cannot be activated autonomously. In our view, the autonomous activation by the mode 4 UEs may fail because of the improper (pre)configuration, e.g. carriers unavailable for packet duplication due to inappropriate setting of CBR threshold or frequency priority. In such case, the mode 4 UEs can inform the network of the autonomous activation failure and request reconfiguration. Upon the report and request from the mode 4 UEs, the network can determine to (re)configure the duplication function criteria or adjust the resource pool configuration to UEs.
Proposal 3: For mode 4 UEs, the activation failure due to improper (pre)configuration should be reported to the network, requesting for reconfiguration of resource pool or the duplication criteria. 
3 Conclusion

In this paper, we discussed the reservations for the LCID(s) for the duplicated packet. And then, we discussed the activations of packet duplication for mode 4 UE and mode 3 UE respectively. And we have the following proposals:
Proposal 1: The LCID(s) for the duplicated packet should be hard-coded, for which the implementation is the simplest, and it is beneficial to guarantee the alignment between Tx UEs and Rx UEs.

Proposal 2: For mode 3 UEs, packet duplication should be eNB-controlled and could be (de)activated by either RRC signalling, MAC CE or DCI.

Proposal 3: For mode 4 UEs, the activation failure due to improper (pre)configuration should be reported to the network, requesting for reconfiguration of resource pool or the duplication criteria. 
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