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1	Introduction
One of the most-debated topics during 3GPP RAN2#100 (November 2017) was when and by what means to enable packet duplication for V2X messages transmitted over Sidelink (SL) via multiple carriers. Detailed opinions and agreements made have been captured in [1]. One of the decisions was to send an LS to 3GPP SA WG2 [2], asking to specify the reliability information associated with V2X packets to be transmitted over PC5. Such information should be passed to Access Stratum (AS) from the upper layers. SA WG2 has kindly addressed RAN2 concerns during their meeting in January 2018 and provided the response (with multiple questions, though) in [3]. This paper is aimed at discussing further steps, in light of the response liaison statement in [3].
2	Discussion
As decided by SA2 and expressed in [3], a new reliability metric is introduced: PPPR (ProSe Per Packet Reliability). The application layer in the UE may provide the PPPR value when passing each of the V2X messages to lower layers for transmission over PC5 interface. SA2 has also decided the lack of PPPR simply indicates no reliability mechanism is required. Nevertheless, SA2 has left certain aspects undecided and requires further RAN2 feedback with respect to the following questions:
Question 1: For Mode 3 operation (i.e. scheduled resource allocation mode), does the eNB need to be made aware of the PPPR information? If yes, has RAN2 decided on the mechanism to achieve that?
Question 2: For PPPR value range, does RAN2 have any preference, e.g. 8 levels like PPPP, or 3 levels (high, medium, or low)?
Question 3: Does RAN2 expect reliability is applicable to all V2X messages or for specific messages, e.g. only specific applications requiring specific reliability? If RAN2 finds limiting reliability to specific V2X messages beneficial, SA2 will develop solution to address it. 
The following subsections attempt to resolve SA2’s doubts, FFSs from RAN2#100, by providing Nokia’s view on those open issues.
2.1	Question 1: eNB’s awareness of PPPR
We hope it would be quite straightforward to the companies that such notification should be provided to the eNB, if V2X Mode 3 resource selection principles are still to be followed. eNB needs to be aware of the required reliability and take appropriate decision regarding resource scheduling via multiple carriers. The easiest approach to implement it would be to enhance Sidelink Buffer Status Report (SL BSR) with the corresponding indication.
Proposal 1: [bookmark: _Ref506200506]PPPR should be signaled along with SL BSR for Mode 3 resource selection.

As commented in our paper related to V2X duplication activation [4], there could be scenarios where also Mode 4 UEs may ask the network for duplication activation (if the autonomously evaluated condition is not fulfilled, but the UE still eagerly craves duplicated transmission). Then RRC_CONNECTED Mode 4 UEs can ask for activation from the network, providing PPPR together with such request.

Proposal 2: [bookmark: _Ref506200519]Mode 4 UEs should also have the possibility to report PPPR, together with the request for duplication.
2.2	Question 2: PPPR value range
There could be various approaches to defining the range of the new metrics and it appears SA2 does not have a solid view and leave it for RAN2 to decide/express preference. Thus, at least the following options can be considered:
· 8 values, as in case of PPPP
· 3 values (high, medium, low)
· Simple switch or BOOLEAN variable: duplication on/duplication off

Obviously, the last option would be the easiest to implement and would consume the smallest number of bits for signaling. The question remains whether it suffices not to have any further granularity/prioritization within the packets to be duplicated. Regarding the middle option, anyway two bits will be consumed to signal three different values, so perhaps it would be a wiser step to go directly to signaling 8 PPPR values (i.e. 3 bits). Most likely, such accuracy will not be immediately necessary (i.e. in Rel-15), but it may be expected a fine granularity will be desired with the advent of new V2X services. 8 PPPR values would allow then to apply, e.g. different MCS, number of retransmissions, etc.
Proposal 3: [bookmark: _Ref506200530]PPPR should have 8 levels, to be future-proof already from Rel-15 onwards. 
[bookmark: _Hlk506216596]2.3	Question 3: Reliability for all or selected V2X messages
This question likely requires more discussion than, e.g. relatively straightforward Question 2. There can be various interpretation of the presence or the lack of PPPR for certain V2X packet. SA2 has indicated in [3]: “…the absence of the PPPR means no reliability mechanism is required…”. It likely means there could be Rel-15 messages with and without PPPR. Nevertheless, perhaps PPPR could serve as a differentiating factor to distinguish Rel-14 and Rel-15 messages. Whenever PPPR is skipped, Rel-14-compatible transmission is expected, while Rel-15 UE can decide whether to use Rel-14 or Rel-15 transmission mode in the cases when PPPR has been provided. This interpretation would, however, require further consultations with 3GPP SA2 WG.
In a nutshell, if PPPR is indicated by the upper layers, AS shall not take any arbitrary decision whether to respect it or not, or treat different messages selectively. Obviously, not all V2X services would require duplication and furthermore, there may be different “urgency” for duplication. However, the latter can be addressed by means of 8 PPPR levels and AS layer can decide which PPPR values indicate duplication should be used. It remains to be seen, what would be the exact meaning of certain PPPR values. SA2 may further strive to define tangible interpretation of each possible PPPR value (i.e. something as for QCI, suggesting required Packet Error Rate would be highly desired, but may not be feasible for PC5), so that AS layer knows which packets definitely require duplication.
Question 3 and associated aspects are clear candidates for further RAN2 discussion during the upcoming meeting.  
Proposal 4: [bookmark: _Ref506200543]RAN2 is asked to discuss whether Rel-15 V2X messages should always have PPPR value indicated along with the packet. If the application layer can differentiate between Rel-15 and Rel-14 messages, PPPR should be always indicated with Rel-15 V2X messages. 
2.4	FFS on Logical Channels for duplication
In [1], one can find for-further-study issue on how to handle the Logical Channel Identifier (LCID) reserved for transmitting duplicated packets. The possibilities listed during RAN2#100 are as follows:
· (Pre)configured value
· Up to UE implementation
· Hard-coded

(Pre)configuration would require modifications of the current SL Radio Bearer (RB) mechanism, as up until now SL RB configuration is not required in advance. On the other hand, second option (i.e. UE implementation) may not ensure sufficient performance as the UE may not be always capable of identifying which LCIDs convey duplicated packets. Hard-coded option can enable the receiving UE to identify the LCIDs for duplicated transmission. However, it is not very flexible and has the constrains on the number of carriers to be duplicated. For example, if LCID=1 and LCID=11 are hard-coded for duplication, this means duplication is supported over two carriers only (although this is maximum number seems to be in line with the Rel-15 agreements taken at RAN2#100: “As for the Uu packet duplication, duplicated sidelink PDCP PDUs are submitted to two different RLC entities and associated to two different logical channels”).  
[bookmark: _GoBack]Additionally, as discussed in [5], duplication reception can be handled in application layer and therefore any additional receiver behavior in AS layer regarding packet duplication does not have to be introduced. In our opinion, this option also works, provided application layer can detect and delete the duplicated message efficiently.
Proposal 5: [bookmark: _Ref506298264]LCIDs for duplicated packets should be hard-coded if duplication detection is required in AS layer. Otherwise, no enhancement should be introduced to AS layer if application layer can handle the duplication detection and deletion.
3	Conclusion
This paper focused on addressing the reliability requirements for duplication over multiple SL carriers. As a result, the following Proposals have been made:
Proposal 1: PPPR should be signaled along with SL BSR for Mode 3 resource selection.
Proposal 2: Mode 4 UEs should also have the possibility to report PPPR, together with the request for duplication.
Proposal 3: PPPR should have 8 levels, to be future-proof already from Rel-15 onwards.
Proposal 4: RAN2 is asked to discuss whether Rel-15 V2X messages should always have PPPR value indicated along with the packet. If the application layer can differentiate between Rel-15 and Rel-14 messages, PPPR should be always indicated with Rel-15 V2X messages. 
Proposal 5: LCIDs for duplicated packets should be hard-coded if duplication detection is required in AS layer. Otherwise, no enhancement should be introduced to AS layer if application layer can handle the duplication detection and deletion.
References
[1] [bookmark: _Ref506204432][bookmark: _Ref506189687][bookmark: _Ref75086397]R2-1714119	Report from eV2X session 3GPP TSG-RAN WG2 Meeting #100 Reno, USA,
27th November – 1st December 2017
[2] [bookmark: _Ref506204688]R2-1714187	LS on Reliability for eV2X 3GPP TSG-RAN WG2 Meeting #100 Reno, USA,
27th November – 1st December 2017
[3] [bookmark: _Ref506205278][bookmark: _Ref506204867]S2-181368 Reply LS on Reliability for eV2X SA WG2 Meeting #125 22 -26 January 2018, Gothenburg, Sweden
[4] [bookmark: _Ref506189696][bookmark: _Ref506207346]R2-1803350	Further thoughts on the UE request for duplication activation  3GPP TSG-RAN WG2 Meeting #101 Athens, Greece, 26th February – 2nd March 2018
[5] [bookmark: _Ref506297928]R2-1713823, Consideration on packet duplication, LG Electronics Inc. 3GPP TSG-RAN WG2 Meeting #100 Reno, USA, 27th November – 1st December 2017

