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1. Introduction

In RAN2#100 meeting, packet duplication for PC5 CA is discussed and reached the following agreements
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.
In this contribution, FFS part in above agreements is discussed.
2. Discussion
According to the discussion and agreement in last meeting, 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. But whether this LCID for the duplicated packet should be (pre)configured or hard-coded or up to the UE implementation, still need further discussion in RAN2. In the following sections, analysis and proposals are given for this remaining issue.
Existing LCID(s) for SL-SCH is defined in [1], which is defined as following table

Table 1 Values of LCID for SL-SCH

	Index
	LCID values

	00000
	Reserved

	00001-01010
	Identity of the logical channel

	01011-11011
	Reserved

	11100
	PC5-S messages that are not protected

	11101
	PC5-S messages "Direct Security Mode Command" and "Direct Security Mode Complete"

	11110
	Other PC5-S messages that are protected

	11111
	Padding


From the above table, we could see that LCID for SL-SCH has 5 bits and totally contain 32 values, in which 14 of them are already been used and 18 of them are reserved. Except LCIDs for padding and PC5-S messages, at least 10 values are for logical channels which potentially can be duplicated. 
Three options are on the table, to handle the LCID(s) of logical channels that carry duplicated packet:
1. (pre)configured LCID(s) for duplicated packet

2. Hard-coded LCID(s) for duplicated packet

3. UE implementation to select LCID(s) for duplicated packet
Firstly, we would like to exclude option 3, since by our understanding, Rx UE needs to know which logical channel is enabled with duplication and associated with which logical channel that carry original packet. So that data received from these logical channels can be delivered to specific PDCP entity correctly. And different with Uu interface, logical channel on PC5 interface is configured by UE itself and eNB is not aware of the sidelink logical channel, thus it is no possible for the eNB to indicate each Rx UE which specific sidelink logical channels are with PDCP duplication and thus associated with the same PDCP entity. By using UE implementation in option 3, it is to let application layer instead of AS layer to handle packet duplication for Rx UE. However, such implementation method is not aligned with packet duplication architecture that agreed in NR and LTE, which leads to different UE implementation between NR/LTE and sidelink, and results in high UE complexity.
Proposal 1: Exclude UE implementation option for LCID reservation for duplicated packets
For option 2, LCID(s) for duplicated packet are all hard-coded. By such method, both rx UE and tx UE have the same understanding for the association between original logical channel and duplicated logical channel at any time, and is simple to implement. However, hard-coded method means it needs to consider the worst case of the duplication logical channel number, thus all logical channel that possible to be duplicated should have corresponding duplicated logical channel. From above analysis, we could see at least 10 logical channels are possibly to be duplicated, thus at least 10 LCID(s) need to be used for duplicated logical channel. This will take much of the reserved LCID(s) and it is not suitable to reserve so many logical channel ids for all data logical channel, because firstly, not all data or service need to do duplication, reserve LCIDs for all data logical channels for duplication is redundancy. Secondly, LCID number is limited and redundancy usage of LCID will decrease the possible future extension. For example, during RAN#78 meeting, there approved the work item to extend bearer number to 15 for LTE system, which means additional 7 logical channel ids needs to be reused. Such kind of extension is possibly to be happened for sidelink in the future.
Observation 1: hard-coded LCID(s) for duplication is occupy too many reserved LCID(s) in which many of them are redundancy

By option 3, the disadvantage of option 2 is avoided since pre-configuration or configuration will provide the enough flexibility so that the (pre)configured LCID(s) for duplication can be based on actual logical channel number that doing duplication. However, since different PLMN may has different (pre)configuration for reserved LCID, and Tx/Rx UEs that belongs to different PLMN may have different understanding for reserved duplication LCIDs. In this case, Rx UEs will send duplicated packet to wrong PDCP entity, which will result in wrong packet discard and extra packet loss. 

Observation 2: (pre)configured LCID(s) for duplication has inter-PLMN inconsistent problem
From our point of view, such problem could be minimized as much as possible, by using the combination of option 1 and option 2. For example, a small number of LCID(s) can be hard-coded, so that UEs belongs to different PLMNs using such LCID(s) will have the same understanding for duplication. Then (pre)-configured LCID(s) can be used if the number of hard-coded LCID(s) is not enough in the scenario that too many logical channels do packet duplication. By such combination, the LCID(s) number used for duplication can be minimized and in the same time avoid the inter-PLMN inconsistent problem for (pre)configured solution.
Proposal 2: Adopt the combination of hard-coded and (pre)configuration as the solution for duplication LCID(s) usage
3. Conclusion

In this contribution, remaining issue of packet duplication are discussed, and we have the following observations and proposals
Observations

Observation 1: hard-coded LCID(s) for duplication is occupy too many reserved LCID(s) in which many of them are redundancy

Observation 2: (pre)configured LCID(s) for duplication has inter-PLMN inconsistent problem
Proposals

Proposal 1: Exclude UE implementation option for LCID reservation for duplicated packets

Proposal 2: Adopt the combination of hard-coded and (pre)configuration as the solution for duplication LCID(s) usage
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