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1. Introduction
In the last RAN2#100 meeting, RAN2 discussed duplication mechanism and made the following agreements below [1]. 
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.
RAN2 sent an LS to SA2 to ask about the issue related to reliability. SA2 discussed RAN2 LS and introduced a new parameter PPPR to address reliability [1]. If duplication transmission mechanism is agreed in PDCP layer, some impact and enhancement will be introduced. This paper will discuss how to implement duplication transmission and the impact related. 
2. Discussion
2.1. PDCP duplication activation
In NR PDCP duplication, PDCP duplication is fully controlled by the network. In DL, it is up to gNB to decide whether PDCP duplication is activated/de-activated for a UE. In UL, UE is configured to perform PDCP duplication. In V2X, UE works in both network controlled mode 3&mode 4 and out of coverage mode 4 autonomous mode. If the UE works in RRC_CONNECTED mode (both mode 3 and mode 4 RRC_CONNECTED), then it is obvious that the radio resources consumed by this UE should be fully controlled by the eNB. The eNB activates/de-activates the PDCP duplication based on the available network resource status.  If the eNB notices that there is sufficient resource for PDCP duplication, then it is up to eNB to configure the number of UE to activate PDCP duplication.
Proposal 1: PDCP duplication of RRC_CONNECTED UE shall be fully controlled by eNB. 
If the UE is in coverage and in RRC_IDLE mode, the UE behavior should also be controlled by eNB’s configuration. If the PDCP duplication behavior is completely activated/de-activated up to UE implementation, all V2X UE would activate PDCP duplication regardless the radio resource condition in order to enhance the reliability of its own. But apparently this would lead to network congestion which will dramatically decrease the user experience. So eNB shall provide configuration for idle mode V2X UE, otherwise UE behavior for out of coverage will lead to massive radio resource collapse. 
Proposal 2: PDCP duplication of RRC_IDLE UE shall be fully configured by eNB. 
Likewise, if the UE works in out of coverage scenario, UE’s behavior also should be controlled. Then PDCP duplication for out of coverage UE shall be controlled by pre-configuration.
Proposal 3: PDCP duplication for out of coverage UE shall be controlled by pre-configuration. 

In SA2’s LS [1], SA2 introduced a new parameter PPPR,  ProSe Per-Packet Reliability (PPPR), the application layer in the UE may provide the PPPR information for each V2X message when passing it to the lower layer for transmission over PC5. The absence of the PPPR means no reliability mechanism is required. The mapping of application layer V2X message reliability to PPPR is configured on the UE, similar to PPPP.

Since PDCP duplication is introduced to enhance reliability for V2X service, PPPR should be considered for activation of PDCP duplication. So PDCP duplication for out of coverage UE can be configured per PPPR. 

UE is configured with a number of LCIDs that used for duplication transmission, and each carrier is configured with a CBR threshold. UE maps a certain type of service to a SLRB in the basis of PSID, so if the PPPR of this SLRB is higher than the (pre)configured threshold, and the measured CBR of the carrier that selected by the UE for duplication transmission is lower than the configured CBR threshold of this carrier, the UE can activate duplication transmission.  If there are multiple carriers configured for duplication transmission, UE would select the carrier with lower CBR.  
Proposal 4: each carrier is configured with a CBR threshold, duplication transmission is only activated in this carrier in case the measured CBR is lower than this configured CBR threshold. 
Proposal 5: if there are multiple carriers available for duplication transmission, UE selects the carrier with lower CBR. 

2.2. PDCP duplication carrier configuration:
In the RAN2#100 meeting, we have agreed that the PDCP duplication will 

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.)
From the above agreement, we can see that V2X service will reserve dedicated LCID(s) for the transmission of duplicated packet, namely a dedicated carrier for the transmission of duplicated packet. Furthermore, this solution of configuration to PDCP duplication LCID configuration is applicable to both mode 3 and mode 4. Hard coded solution is less flexible, at least in the scenario of mode 3, the network should be allowed to configure the presence of duplication transmission dedicated LCID, given the load status of network. 

Then, for out of coverage scenario, mode 4 UE should be configured by pre-configuration. And if the out of coverage UE enters the coverage of network, the network configuration overwrites pre-configuration to align with other in coverage UEs. 
Proposal 6: for RRC_IDLE mode 4 UE and out of coverage UE, configuration of LCID of duplication transmission is up to (pre)configuration. In case of in coverage, network configuration overwrites pre-configuration. 
For duplication transmission, LCID is reserved for duplication transmission. So if the LCID is associated to any carrier, it would be difficult for the receiving UE to select the carrier to receive the duplicated transmission, especially for the Rx limited UE. So we propose to associate the LCID with carrier. 

Proposal 7: LCID and carrier are associated.  
2.3. How eNB knows the BSR is requested for duplication transmission?
In mode 3, duplication is controlled up to the decision of eNB. The eNB should know whether the BSR is request for duplication transmission in order to schedule resources for duplication in another carrier. Then we have the following options to notify eNB the BSR is for duplication transmission request:
Option 1: BSR formation extension solutions 

In this option, sidelink BSR indicates two BSR size domains associated with one LCGID in BSR MAC CE, to indicate two buffer sizes of the same LCGID. By this, eNB identified these two BSR buffer size, the second BSR buffer size is the duplication buffer size request for duplication, and eNB will schedule radio resources for 
Option 2: eNB configure all LCIDs which are reserved for duplication transmission in the same LCGID. 
In the last meeting, RAN2 agreed that LCID(s) is dedicatedly reserved for duplication transmission. When the UE notify PPPR for a special service type in SidelinkUEInformation message [2], eNB should make decision to activate duplication for this service type of this UE. If eNB decide to active duplication transmission, eNB will configure a special LCGID for this UE, so eNB can configure all LCIDs which are reserved for duplication transmission in the same LCGID. 
Compared to option 1, option 2 doesn't have to impact the BSR format, so we kindly ask RAN2 to select option 2 to notify eNB the BSR is for duplication transmission. 

Proposal 8: eNB configures all duplication LCIDs in the same LCGID.
2.4. How receiving UE be aware the duplication LCID?
UE may be configured by eNB or pre-configured with multiple duplication LCIDs. So for the receiving UE, duplication LCID should be notified to pair the original LCID. Or since the duplication function is implemented in PDCP layer, these two LCIDs are associated with one PDCP entity. So we have the following options to address the issue:
Option 1: transmitting UE sends the mapping to receiving UE.

If the UE is in the coverage, UE can notify the network the mapping between PDCP entity ID and the LCID, probably in SidelinkUEInformation message, and then the network forward the mapping to the receiving UE.

If the UE is out of coverage, UE can notify the receiving UE in the following two ways:
Option 1a: UE includes PDCP entity ID in the MAC header. By reading the PDCP entity ID in the MAC header, receiving UE understand which MAC PDU’s are duplicated PDU and how to combine the MAC PDU. 

Option 1b: UE sends the paired DRB information through sidelink message, which could be MAC CE or application layer message. 
Option 2: the paired logical channel for original transmission and duplication transmission are (pre)configured. If the UE is in the coverage of eNB, the network should configure a corresponding duplication LCID set for each original logical channel. UE can select one LCID for duplication transmission from the duplication LCID set as the above selection criteria for mode 4 UE; mode 3 UE are up to the scheduling of eNB, and receiving UE can monitor the LCID based on the configured rules from eNB. Out of coverage UE works in the basis of pre-configuration. 
Compared to option 1, option 2 doesn’t have to extend MAC CE, which can be done by dynamic configuration. So option 2 is preferred to inform the duplication LCID to receiving UE.
Proposal 9: LCID set for duplication of one original LCID is (pre)configure. Receiving UE combine the duplication packet based on the configured mapping of original LCID and duplication LCID set.  
3. Proposal
This contribution discusses how to implement duplication transmission for eV2X, and we have the following proposals:
Proposal 1: PDCP duplication of RRC_CONNECTED UE shall be fully controlled by eNB. 
Proposal 2: PDCP duplication of RRC_IDLE UE shall be fully configured by eNB. 
Proposal 3: PDCP duplication for out of coverage UE shall be controlled by pre-configuration. 

Proposal 4: each carrier is configured with a CBR threshold, duplication transmission is only activated in this carrier in case the measured CBR is lower than this configured CBR threshold. 

Proposal 5: if there are multiple carriers available for duplication transmission, UE selects the carrier with lower CBR. 

Proposal 6: for RRC_IDLE mode 4 UE and out of coverage UE, configuration of LCID of duplication transmission is up to (pre)configuration. In case of in coverage, network configuration overwrites pre-configuration. 
Proposal 7: LCID and carrier are associated.  
Proposal 8: eNB configures all duplication LCIDs in the same LCGID.
Proposal 9: LCID set for duplication of one original LCID is (pre)configure. Receiving UE combine the duplication packet based on the configured mapping of original LCID and duplication LCID set.  
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