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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 and RAN2#101:
	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
From RAN2#101 agreements:

1. RAN2 confirm that eNB needs to be made aware of the PPPR information

2. Define PPPR as 4 levels or 8 levels

3. RAN2 confirm that it is beneficial to apply reliability to all V2X messages

4. PDCP performs packet duplication detection in Rx UE

5. Working assumption: Option1 (Hard-coded mapping between original LCID and duplicate) unless it brings big problem


In this contribution, we further elaborate on the technical details to make this feature work, taking into account the output of the email discussion [4]. In our companion paper [3], we discuss how to configure the LCIDs that should be reserved for replicas of duplicate packets.
2 Discussion
Since data duplication may be more useful for services requiring high reliability, it should be possible to only configure it for certain specific services, in order to avoid a misuse of this feature, especially considering that packet duplication certainly increases the amount of overhead transmitted over the sidelink. Since the main reason for introducing sidelink packet duplication, is to enhance reliability, we believe that the usage of such feature should depend on the reliability of the packets to be transmitted. 
2.1 Mode-4 support for SL packet duplication
Given the new PPPR indicator introduce by SA2 [2], it seems straightforward to use such PPPR information to determine whether a packet should be duplicated or not. Therefore, for mode-4 we propose the following:
Proposal 1 For mode-4, (pre)configuration may indicate the needed PPPR for which a packet can be duplicated over the sidelink by the UE.
Furthermore, it can be discussed whether the need of additional rules on when to activate or deactivate the packet duplication, e.g. on the basis of certain parameters like channel conditions, congestion etc. For instance, packet duplication will increase the effective traffic transmitted over sidelink carriers, which eventually may negatively impact the sidelink performance if sidelink is already overloaded. Therefore, together with the reliability of the packet to transmit (as proposed in Proposal 1), it may be beneficial to also consider other factors to limit the use of packet duplication in some cases, e.g. when sidelink load is high. The speed as well can be taken into account, since speed might affect packet reliability, hence at high speeds may be more desired to have packet duplication than at low speeds.
Proposal 2 For mode-4 (pre)configuration determines conditions (e.g. CBR, UE speed) under which sidelink packet duplication can be used by the UE.  

In the email discussion [4], it was also discussed the need to indicate to the network the PPPR information for a mode-4 UE. However, we do not see any benefit of it. Mode-4 implies that the UE should perform autonomous operations under certain rules, configured by the network or preconfigured. Such fundamental principles apply both to mode-4 connected UEs and idle mode-UEs. Therefore, packet duplication should also follow this logic, i.e. the network (pre)configures a set of rules under which the UE should autonomously enable/disable packet duplication.
Proposal 3 No PPPR information reporting is needed for mode-4 UEs, i.e. the UE shall autonomously enable/disable packet duplication following (pre)configured rules.

2.2 Mode-3 support for SL packet duplication 
In case of mode-3, the eNB can clearly directly control the activation/deactivation of the SL packet duplication. One issue raised at last RAN2#100 meeting is how the eNB can become aware of the PPPR that the UE has in the buffer, and further discussed in the email discussion [4]. 
First of all, it has to be discussed what is the content of the PPPR information reported to the eNB. In the email discussion [4] two types of information are considered:

· The amount of data associated to one (or more) PPPR values, that the UE has in the buffer.
· The destination of the V2X messages associated to one (or more) PPPR values, that the UE has in the buffer.

In our understanding, both the above options are essential. From the destination, the eNB can figure out in which frequencies a packet with a given PPPR can be scheduled. From the volume of data, the eNB can properly dimension the SL grant for the duplicates. 
Proposal 4 The PPPR information consists of:
a. The amount of data associated to one (or more) PPPR values, that the UE has in the buffer
b. The destination of the V2X messages associated to one (or more) PPPR values, that the UE has in the buffer
To this end, it seems that the above information can be conveyed into the SL BSR which already contains the destination indexes and buffer status associated to LCGs. 
Observation 1 The existing SL BSR MAC CE is already suitable to convey the volume of data associated to different LCGs, and the destination indexes, from which the transmitting carrier(s) can be retrieved.

For example, the eNB can configure a UE to use one (or more) specific LCG(s) to report the amount of packets that have relevant PPPR values. Once receiving the SL BSR, the eNB can determine whether to activate the feature or not. This also allows the eNB to properly dimension the SL grant and schedule a UE in more than one SL carrier (since duplicates have to be transmitted in different SL carriers). All of this can be achieved with no changes to the existing SL BSR MAC CE. Only a new mapping between LCGs and PPPR needs to be introduced in TS 36.331.
Proposal 5 Reusing the existing SL BSR MAC CE format to convey the PPPR information.

Proposal 6 The eNB can provide the UE with a mapping between specific LCGs and certain PPPR. 

Regarding the sidelink packet duplication activation/deactivation, it can be done via MAC CE (as it has been already agreed for the Uu packet duplication), and/or via RRC signalling. 
From implementation perspective, it seems more efficient to use both RRC signalling and MAC CE. The eNB can configure for example packet duplication for certain PPPR values or for those PPPR values that are above a given threshold. Then, on the basis of the SL-BSR and SL carrier congestion, i.e. reported CBR values, the eNB can use MAC CE to more dynamically enable/disable packet duplication. We note that, by just using RRC, packet duplication will stay active until it gets deconfigured which makes the overall activation/deactivation protocol quite cumbersome, since the PPPR information would be sent MAC layer. Additionally, from UE complexity/efficiency, it does not seem convenient to process RRC reconfiguration messages, whenever packet duplication need to be (de)activated

Observation 2 Only using RRC to enable/disable packet duplication is inefficient from eNB perspective, since the PPPR information are available at MAC level. Additionally, from UE complexity, the UE would need to process an RRC reconfiguration message when packet duplication needs to (de)activated. 
Therefore, in this case, there seems to be no strong reasons to diverge from the mechanism agreed for Uu packet duplication.
Proposal 7 Similar to Uu packet duplication, the eNB can use RRC to (de)configure the SL packet duplication and MAC CE to (de)activate the SL packet duplication on the basis of the received SL-BSR.   

3 Conclusion

In section 2 we made the following observations:
Observation 1
The existing SL BSR MAC CE is already suitable to convey the volume of data associated to different LCGs, and the destination indexes, from which the transmitting carrier(s) can be retrieved.
Observation 2
Only using RRC to enable/disable packet duplication is inefficient from eNB perspective, since the PPPR information are available at MAC level. Additionally, from UE complexity, the UE would need to process an RRC reconfiguration message when packet duplication needs to (de)activated.


Based on the discussion in section 2 we propose the following:
Proposal 1
For mode-4, (pre)configuration may indicate the needed PPPR for which a packet can be duplicated over the sidelink by the UE.
Proposal 2
For mode-4 (pre)configuration determines conditions (e.g. CBR, UE speed) under which sidelink packet duplication can be used by the UE.
Proposal 3
No PPPR information reporting is needed for mode-4 UEs, i.e. the UE shall autonomously enable/disable packet duplication following (pre)configured rules.
Proposal 4
The PPPR information consists of:
a.
The amount of data associated to one (or more) PPPR values, that the UE has in the buffer
b.
The destination of the V2X messages associated to one (or more) PPPR values, that the UE has in the buffer
Proposal 5
Reusing the existing SL BSR MAC CE format to convey the PPPR information.
Proposal 6
The eNB can provide the UE with a mapping between specific LCGs and certain PPPR.
Proposal 7
Similar to Uu packet duplication, the eNB can use RRC to (de)configure the SL packet duplication and MAC CE to (de)activate the SL packet duplication on the basis of the received SL-BSR.
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