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1 Introduction
RAN2 has agreed to support packet duplications to increase reliability of SL transmissions which is desired for some of the new V2X use cases addressed by SA1 [1]. 

Some technical decision regarding architectural impact and configuration have been taken in the RAN2#100 meeting.:
	From RAN2#100 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
6. 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 particular, regarding the fourth agreement above, RAN2 reached the following working assumption during last RAN2#101 meeting:

	From RAN2#100 agreements:

· PDCP performs packet duplication detection in Rx UE
· Working assumption: Option1 (Hard-coded mapping between original LCID and duplicate) unless it brings big problem


In this contribution, we elaborate on this working assumption. In our companion paper [2], we provide more details on the configuration of the packet duplication feature.
2 Discussion

One of the issue discussed in last RAN2#100 meeting, it was the configuration of which logical channels to use for duplicated transmissions. In Uu packet duplication, it is the eNB that indicates that, as part of the data radio bearer configuration. In sidelink, there is no radio bearer configuration which indicates the logical channels to use, on the other hand, the LCID to use for a certain packet transmission is selected by the UE implementation (e.g. based on the PPPP). Therefore, it has to be discussed in RAN2 how the UE can make sure that packets carried by duplicated RLC entities are mapped to different HARQ entities at MAC layer. 

2.1 Configuration of LCIDs reserved for packet replicas

In RAN2#100, it was agreed that 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. However, RAN2 has not agreed yet on whether:

1. The LCID(s) reserved for the replica of a duplicate packet should be taken from the legacy set of LCID(s). 

2. The LCID(s) reserved for the replica of a duplicate packet should be taken from a new set of LCID(s), different from the legacy ones.

In our understanding, option 1 has the fundamental drawback that legacy UEs will not be able to distinguish whether the received LCID corresponds to a duplicate packet or not. This would imply that the receiving UE will receive both the original packet and the duplicate packet and it will not be able to multiplex such duplicate packets into the same PDCP entity. The consequence would be that duplicates will be delivered by PDCP to higher layers, which is against one of the fundamental PDCP functionality requirement, i.e. duplicate discarding, and also against the agreement reached in RAN2#100 for which PDCP is in charge of duplicate detection. For this reasons we do not see any other alternative than taking some new LCID(s) from the reserved LCID list for SL-SCH. 

Observation 1 The LCID(s) reserved for the replica of a duplicate packet should not be taken from the legacy set of LCID(s) since the PDCP of legacy RX UEs will not be able to detect duplicates and will therefore deliver to higher layers the packet duplicates. This is against one of fundamental PDCP functionality requirement, i.e. duplicate discarding.

Proposal 1 The LCID(s) reserved for the replica of a duplicate packet are taken from the list of reserved LCID values for SL-SCH.

With Proposal 1, there will not be problems for the legacy RX UEs. By following legacy MAC procedures, the replica of a duplicate packet will be simply discarded since mapped to reserved LCID values which the legacy receiving MAC entity will not be able to decode, as already specified in current legacy MAC specification:

	5.11
Handling of unknown, unforeseen and erroneous protocol data

When a MAC entity receives a MAC PDU for the MAC entity’s C-RNTI or Semi-Persistent Scheduling C-RNTI, or by the configured downlink assignment, or on SL-SCH, containing reserved or invalid values, the MAC entity shall:

-
discard the received PDU.
When a MAC entity receives a MAC PDU on MCH containing reserved values, or on DL-SCH containing reserved values for G-RNTI or SC-RNTI, the MAC entity shall:

-
ignore the MAC PDU subheaders containing reserved values and the corresponding MAC SDUs;

-
in the MAC control elements, ignore the fields containing reserved values and the fields associated with the fields containing reserved values.




Observation 2 With Proposal 1, there will not be problems for the legacy RX UEs, i.e. the MAC entity of a legacy RX UE will not be able to decode the replica of a duplicate packet and it will be discarded, by following legacy MAC procedures.

Another issue to discuss by RAN2 is whether there should be a mapping between the legacy LCID(s) used by the original packets and the LCID(s) reserved for the replicas, or not. In our understanding, from RX perspective, it is important to make sure that the receiver is capable of combining the duplicate and the respective original packet into the same PDCP entity. In other words there should be a one-to-one mapping between the LCID of the orignal packet and the LCID of the duplicate. Considering that current LCIDs used for PC5 data transmission goes from 0-10, there could be a mapping between e.g. LCID 1 and LCID 11, LCID 2 and LCID 12 and so on. This is the only way to ensure that the RX UE is able to multiplex into the same PDCP entity, the LCID of the replica and the LCID of the duplicate, so that the PDCP entity can properly perform discarding operations.

Observation 3 The RX UE shall be able to multiplex into the same PDCP entity the LCID of the replica and the LCID of the respective duplicate, so that the PDCP entity can perform discarding operations.

Proposal 2 There is a one-to-one mapping between the LCIDs of the original packets and the LCIDs of the respective replicas.

How to configure such one-to-one mapping needs also to be discussed. The mapping can be:

1. Configured by the network or preconfigured

2. Hard-coded
3. Up to the UE implementation
From TX perspective all the three solutions seem to be ok, as long as the MAC layer is capable to distinguish the two logical channels associated to the original packet and to the respective replica and multiplex them into different HARQ entities/SL carriers (as agreed in RAN2#100). However, from RX perspective as observed in Observation 3, it is important to make sure that the receiver is also capable of distinguishing duplicate and original transmission as well as associating the correct duplication with the corresponding original. For this reason, option 2 seems preferrable since it allows the receiver to uniquely identify the duplicate packet, also in the case of RX and TX being under different NW coverage, e.g. under different eNBs coverage, or InC/OoC, and of course it works for mode-3 and mode-4.

During the last RAN2#100 meeting, also option 3 was considered. In this case, the transmitting UE would need to indicate in the MAC header of each packet the LCID used for the corresponding duplicate. In practice, the MAC header of original packet should indicate the LCID used for the replica packet, and the MAC header of the replica should indicate the LCID used for the original packet. If the legacy LCID space will be used, the consequence would be that the legacy UEs will not be able to detect duplicates, and will thereby send duplicates to upper layers, which is not desired (as observed in Proposal 1). On the other hand, if new LCIDs will be used (as proposed in Proposal 1), there will be no gain with respect to having an hard-coded mapping.

Observation 4 Extending the MAC header to indicate for both the original packet and the replica, the associated duplicate packet creates overhead, and it does not bring clear benefits neither for legacy UEs nor for Rel.15 UEs. 

Therefore, as previously mentioned, one possible mapping could be that LCID 1 is mapped to LCID 11, LCID 2 to LCID 12, and so on.

Proposal 3 Confirm the working assumption on the hard-coded mapping between original LCID and duplicate for both for mode-3 and mode-4, e.g. LCID 1 mapped to LCID 11, LCID 2 to LCID 12 and so on.

So from the above proposals, the receiver has all the information in place to figure out whether the received packet is the replica of a duplicate packet, or the orginal one, and how to multiplex the two duplicates into the right PDCP entity, in order to perform discarding operations.

One final question is how many LCIDs should be reserved for duplicates. Considering that today there are 17 reserved LCIDs values for the SL-SCH, it does not seem to be harmful to take 10 LCIDs for the replicas, i.e. same as the number of LCIDs used for PC5 data transmission. However, during the last RAN2#101 meeting, concerns were raised about shortage of available LCIDs. Even though, we believe that the amount of available LCIDs would still be large enough, RAN2 can discuss how many LCIDs can be actually taken 

Proposal 4 RAN2 to discuss how many LCIDs needs to be reserved for packet replicas.   
3 Conclusion

In section 2 we made the following observations:
Observation 1
The LCID(s) reserved for the replica of a duplicate packet should not be taken from the legacy set of LCID(s) since the PDCP of legacy RX UEs will not be able to detect duplicates and will therefore deliver to higher layers the packet duplicates. This is against one of fundamental PDCP functionality requirement, i.e. duplicate discarding.
Observation 2
With Proposal 1, there will not be problems for the legacy RX UEs, i.e. the MAC entity of a legacy RX UE will not be able to decode the replica of a duplicate packet and it will be discarded, by following legacy MAC procedures.
Observation 3
The RX UE shall be able to multiplex into the same PDCP entity the LCID of the replica and the LCID of the respective duplicate, so that the PDCP entity can perform discarding operations.
Observation 4
Extending the MAC header to indicate for both the original packet and the replica, the associated duplicate packet creates overhead, and it does not bring clear benefits neither for legacy UEs nor for Rel.15 UEs.


Based on the discussion in section 2 we propose the following:
Proposal 1
The LCID(s) reserved for the replica of a duplicate packet are taken from the list of reserved LCID values for SL-SCH.
Proposal 2
There is a one-to-one mapping between the LCIDs of the original packets and the LCIDs of the respective replicas.
Proposal 3
Confirm the working assumption on the hard-coded mapping between original LCID and duplicate for both for mode-3 and mode-4, e.g. LCID 1 mapped to LCID 11, LCID 2 to LCID 12 and so on.
Proposal 4
RAN2 to discuss how many LCIDs needs to be reserved for packet replicas.
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