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1 Introduction

In RAN2 #100 meeting, PC5 packet duplication related agreements were reached as follows [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 information. Will include some background information for packet duplication and the benefits of reliability indication. Includes background information of Rel-14 PPPP.
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.


RAN2 has agreed that For mode4 (connected and idle), UE autonomous activation of duplication transmission on multiple carriers is allowed based on (pre)configuration. However, the RX UE knows nothing about duplication transmission. In this contribution, we will discuss the need of introducing a mechanism to sync the understanding of duplication transmission between Tx UE and Rx UE over PC5.
2 Discussion
2.1 LCID(s) configuration 
Based on RAN2#100 agreement, the LCID(s) for the transmission of one replica of a duplicate packet are reserved. Regarding this LCID(s) for the duplicated packet, the potential solutions are given below.

Option 1: (pre)configuration

The advantage of this option is that the pairing relationship of LCIDs used for packet duplication can be very flexible. Due to the LCID resource is limited, the number of reserved LCIDs may be also limited. Flexible pairing can maximize the utilization of reserved LCIDs resource. In addition, this way has good adaptability and compatibility. For example, sidelink UE can support multiple LCID pairs for duplication at the same time by increasing the number of (pre)configured LCIDs, which will not bring great impact on standardization of protocol.

Option 2: hard-coded

In option 2, TX UE and RX UE both know the LCID used for duplicated packet. Due to additional indication is not needed, this way is the simplest one. The disadvantage is that this way is not flexible. If UE wants to support multiple LCID pairs for different services which require duplication at same time, a relatively large number of LCIDs need to be reserved. Moreover, this way has very poor forward compatibility.

Option 3: up to the UE implementation

The cons for option 3 is that the application layer may be the only layer which can distinguish duplicated packet. Though duplication detection and discard can be done at application layer in R14 mechanism, this approach goes against design principle. In another word, packet duplication function is introduced in PDCP layer, and PDCP layer should be able to distinguish duplicated packet.

We give a comparison of the three options in the following table. 
	(pre)configuration.
	Flexible pairing, higher LCID resource utilization

	hard-coded.
	Not flexible, a large number of LCIDs need to be reserved 

	up to the UE implementation.
	Only application layer may distinguish duplicated packets


By comparing pros and cons of three options, option1 seems the best one. The detailed LCIDs configuration is illustrated in Fig.1.
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Fig.1 LCID pair configuration for packet duplication
Proposal 1: The LCID pair (i.e., one from legacy LCID range, one from reserved LCID range) for the duplicated packet is (pre)configured. 

2.2 LCID(s) indication
In NR, PDCP duplication is configurable per DRB and the duplication function is introduced to fulfil the requirement of reliable transmission for specific traffic type. Same as Uu, not all services require high reliability in sidelink communication and duplication configuration per UE is not a good choice. Moreover, different traffic type has corresponding QoS requirement and different QoS traffic should be mapped to different radio bear. Therefore, sidelink duplication should be optionally configured based on traffic type per SLRB. Moreover, sidelink packet duplication should be (de)activated per SLRB like Uu.

For the DRB performing duplication, it should be associated with a LCID pair in order to guarantee duplicated packets are transmitted on different carriers. 
Proposal 2: Packet duplication is (de)activated per SLRB. Each SLRB has a corresponding LCID pair for duplicated packet.

In NR, the configuration of which logical channels to use for duplicated transmissions is indicated by eNB through data radio bearer configuration, thus receiver knows exact LCIDs for duplication. In sidelink, TX UE performs LCID selection based on (pre)configuration as proposal 1 and RX UE does not know LCIDs information. As a result, RX UE will treat the duplicated packets as normal packet and deliver to different PDCP entities. In order to make sure a PDCP entity is associated with two different RLC entities, the LCID pair per SLRB for duplication used by TX UE should be indicated to RX UE. The detailed signaling can be left to discussion in future.
Proposal 3: This LCID pair per SLRB ID used for packet duplication by TX UE should be indicated to RX UE.
2.3  Carriers indication 
As Uu packet duplication, sidelink packet duplication on a signal carrier is not supported. However, some differences may exist. In NR, UL/DL duplication function is configured by NW, the receiver can know exact receiving carriers while sidelink RX knows nothing about carrier information as the duplication function is activated by TX automatically. 

If RX capability is enough, RX UE can detect all carriers blindly. This method will increase detection overhead and will not bring negative impact on data reception. However, under the case that RX capability is limited, UE cannot be capable to receive on all the carriers that actually are under data transmission. As shown in Fig.2, RX UE will only monitor the limited set of carriers configured by upper layers for the V2X service of interest. If carriers for duplication cannot be monitored, performing duplication will become meaninglessness with the reason that this function is introduced to achieve diversity gain.
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Fig. 2 Mismatch of packet duplication between TX and RX
In order to guarantee that UE can tune its receiving chains such that they are aligned with the carriers used by the transmitting UE, carriers information for duplication should be indicated to RX UE. With regard to the indication signaling, sidelink system information may be a good choice. Alternatively, it can be designed along with LCID(s) indication. Detailed signaling can be left to discussion in future.

Proposal 4: The two different carriers used for packet duplication by TX UE should be indicated to RX UE.
3. Conclusion

In this contribution, we discuss the remaining FFS (highlight yellow above) as well as the need of introducing a mechanism to sync the understanding of duplication transmission between Tx and Rx over PC5. Related proposals are given as following:
Proposal 1: The LCID pair (i.e., one from legacy LCID range, one from reserved LCID range) for the duplicated packet is (pre)configured. 

Proposal 2: Packet duplication is (de)activated per SLRB. Each SLRB has a corresponding LCID pair for duplicated packet.

Proposal 3: This LCID pair per SLRB ID used for packet duplication by TX UE should be indicated to RX UE.

Proposal 4: The two different carriers used for packet duplication by TX UE should be indicated to RX UE. 
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