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Introduction
During last RAN2 #107 meeting, quite a lot of NR V2X PDCP relevant agreements have been made, but still there are some remain issues which can be discussed in a more detailed way. In this contribution, we will further discuss the following issues:

Whether ARP take up the SDU type field in PDCP PDU format
Whether PC5 signalling protocol takes up the SUD type field in PDCP PDU format
Whether PDCP status report is conveyed in a PDCP control PDU
Whether interspersed ROHC feedback is conveyed in a PDCP control PDU
Whether the D/C field is also needed for groupcast and broadcast.
Discussion

ARP and PC5-S Signalling
When we look back to TS 23.303[1], it is clearly mentioned that 

	-
The SDU Type field (3 bits) in the PDCP header is used to discriminate between IP, ARP and PC5 Signalling Protocol. ARP is not supported for one-to-one communication.


For PC5 signalling protocol, ARP is not supported for one-to-one communication. But for LTE V2X, only broadcast service is supported, which means ARP is supported in LTE V2X.
Observation 1: Referring to TS 23.303, ARP is supported in LTE V2X for one-to-one communication.

When it comes to NR V2X, as mentioned in TS 23.287[2], 

	-
V2X messages are exchanged between UEs over PC5 user plane.

-
Both IP based and non-IP based V2X messages are supported over PC5 reference point.

-
For IP based V2X messages, only IPv6 is used. IPv4 is not supported. 

IP and Non-IP PDCP SDU types are supported for the V2X communication over PC5.


It is clearly mentioned in the citation that so far only two types of PDCP SDU type are supported from SA2 specification, which are IP and non-IP. In addition, ARP is not indicated to be supported as another SDU type.
Observation 2: In NR V2X, whether ARP would be further supported is not indicated clearly in SA2’s specification.

Proposal 1: ARP is not supported as another PDCP SDU type in NR V2X referring to SA2 specification.
Whether the type of PC5 signalling protocol can take up the SDU type field in PDCP PDU format
When we discuss how to transmit PC5-S message in AS layer, there are two possible alternatives:

Alternative 1. PC5-S signalling is transmitted via STCH with specific LCID at AS layer.

In this way, PC5-S message is transmitter as normal data, correspondingly, the receiver UE cannot efficiently recognize the PC5-S message if there is no explicit AS layer indication. With regard to this issue, the PC5 signalling protocol should be considered as one PDCP SDU type in the PDCP PDU format to indicate to the receiver UE.

Observation 3: If PC5-S signalling is transmitted via STCH with specific LCID at AS layer, then the PC5-S protocol SDU type is needed to help receiver UE recognize the PC5-S message.
Alternative 2. PC5-S signalling is transmitted by PC5 SRB via SCCH. 

According to the previous working assumption:

	Do not encapsulate PC5-S message related to link setup into PC5-RRC message for AS-layer configuration.

Do not encapsulate PC5-S message related to link setup into PC5-RRC message for capability information.


A special SRB can be design to carry PC5-S message, or a dedicated RRC container can be designed to encapsulate PC5-S message. In this way, the receiver UE can recognize the PC5-S message either from the SRB or from the PC5-RRC container. Correspondingly, there is no need an explicit SDU type indication for PC5-S protocol in PDCP.

Observation 4: If PC5-S signalling is transmitted by PC5 SRB via SCCH, then there is no need a SDU type indication for PC5-S protocol.

Proposal 2: RAN2 should firstly determine how PC5-S message transmit in AS layer, then it will be clear that whether PC5 signalling protocol is needed.

PDCP status report
In NR Uu, when upper requests to update the key used for ciphering and deciphering, as well as integrity protection and verification, correspondingly, the PDCP entity shall be re-established. In addition, the UE itself can send RRC re-establish request towards gNB, to perform PDCP and RLC re-establishment for its SRB1. In these cases, a PDCP status report shall be sent when triggering PDCP entity re-establishment.

Observation 5: Either the key change requested from upper layer, or RRC re-establish request performed by the UE will trigger PDCP re-establishment.
Observation 6: A PDCP status report shall be sent by the receiving PDCP entity when the PDCP entity re-establishment is triggered.

In order to determine whether PDCP status report is needed when triggering PDCP entity re-establishment. Firstly it should be confirmed that whether the PDCP entity re-establishment will be triggered is in NR V2X, where it is closely relevant to whether there is AS security mechanism. Right now RAN2 has complemented more detailed progress on PC5 RRC in unicast into the reply LS to SA3, as per SA3 requested. Fundamentally, if SA3 thinks that it is necessary to consider AS layer security, then it is worthwhile to discuss whether PC5 PDCP re-establishment is necessary.

Observation 7: In NR V2X, whether there is AS layer security is closely depend on SA3 decision.

In NR Uu, there are two scenarios which will trigger PDCP re-establishment related to the updating of AS keys:

Scenario 1: when UE perform handover towards a target gNB, upper layer will trigger the UE to update its AS keys, thereafter, PDCP re-establishment will be triggered.

Scenario 2: in order to avoid reuse of the same COUNT with the same RB indetity and with the same key, due to the transfer of large volumes of data. Network will trigger the UE either to re-establish the RB identities, update the AS security key during the HFN wrap-around moment, or change UE’s RRC state, where it requires the UE to synchronize its HFN with network.

Considering scenario 1, in NR V2X, UE will normally move in a relative high speed, which will encounter handover with a high frequency, therefore, it is not reasonable to trigger PDCP re-establishment during every handover.

Considering scenario 2, it requires gNB to sync up the HFN with UE. However, in NR V2X, UE will directly transmit data towards receiver UE, without interaction with gNB. Therefore, it is hard to sync up the HFN with gNB. On the other hand ,in order to ensure successful communication between Tx UE and Rx UE, both of the peer UEs needs to maintain the same AS layer security key and HFN synchronization. Correspondingly, when the HFN wrap-around is happened at Tx side, Tx UE needs to update its AS layer key, and inform the update towards Rx UE through PC5-RRC signalling. Correspondingly, PDCP-reestablishment will be triggered for both of the peer UEs.
Observation 8: In NR Uu, there are two scenarios that can trigger PDCP re-establishment, which are handover case and to avoid UE using same COUNT value in the same RB entity.

Observation 9: In NR V2X, it is not reasonable to trigger PDCP re-establishment during every handover procedure, due to V2X UE will usually perform a high mobility.

Proposal 3: RAN2 will not consider PDCP re-establishment during the handover procedure in NR V2X. 

Proposal 4: When the HFN of peer UE is happened to be wrapped around, it needs to update its AS layer keys and inform its peer UE through PC5-RRC signalling.

Proposal 5: PC5 PDCP re-establishment will be triggered for both peer UEs when the maintained HFN is wrapped around.
Furthermore, in NR Uu, both PDCP re-establishment and PDCP recovery will trigger the receiver PDCP entity to report PDCP status report towards gNB. The intention is to allow gNB have a better knowledge of receiver UE’s reception status, especially for target gNB at the completion of UE’s handover. However, as we discussed before, it is not necessary to trigger PDCP re-establishment during NR V2X UE’s handover procedure. Therefore, in NR V2X , it is not suggested to consider reporting PDCP status report triggered by PDCP re-establishment.

Proposal 6: RAN2 is not suggested to consider that PDCP re-establishment can trigger PDCP status report.
ROHC feedback

The interspersed ROHC feedback is used for receiver PDCP entity to indicate towards transmitting PDCP entity, on whether the ROHC is performed correctly. Correspondingly, when it comes to NR V2X, it is agreed that header compression and decompression will be applied for all cast types. In addition, the full set of NR Uu Profile values will be applied in NR V2X. But considering that only in unicast, the receiver UE can set up the unicast link with transmitter UE. Then in NR V2X unicast, the receiver UE should send interspersed ROHC feedback towards transmitting UE. Correspondingly, the D/C field is necessary when considering the existence of PC5 PDCP interspersed ROHC feedback.

Proposal 7: In NR V2X unicast, the interspersed ROHC feedback should be conveyed in a PDCP control PDU.
D/C field for groupcast and broadcast.

According to the above observations, the D/C field is only necessary when the control PDCP PDU needs to be applied. Also according to our above analysis, although in NR Uu there are two kinds of PDCP control PDU, which are PDCP status report and ROHC feedback. Considering the necessity in NR V2X, only ROHC profile is needed. Moreover, the ROHC feedback in NR V2X needs to be sent from receiving PDCP entity towards transmitting PDCP entity directly. Correspondingly, the PC5 link needs to be set up so that such communication can be performed. However, up to know, there is no such agreement to allow link setup in NR V2X groupcast. Also for NR V2X broadcast, it is naturally a connection-less communication service from Rel-14 LTE V2X till now.

As a result, RAN2 is not able to consider to add D/C field into PDCP data format for NR V2X groupcast and broadcast. 

Proposal 8: In NR V2X groupcast and broadcast, RAN2 is not ablve to consider to add D/C field into PDCP data format.
Conclusion

In this contribution, we have analyzed some remaining issues related to NR V2X PDCP layer. A brunch of observations and proposals are provided in the following:
Observation 1: Referring to TS 23.303, ARP is supported in LTE V2X for one-to-one communication.

Observation 2: In NR V2X, whether ARP would be further supported is not indicated clearly in SA2’s specification.

Proposal 1: ARP is not supported as another PDCP SDU type in NR V2X referring to SA2 specification.
Observation 3: If PC5-S signalling is transmitted via STCH with specific LCID at AS layer, then the PC5-S protocol SDU type is needed to help receiver UE recognize the PC5-S message.
Observation 4: If PC5-S signalling is transmitted by PC5 SRB via SCCH, then there is no need a SDU type indication for PC5-S protocol.

Proposal 2: RAN2 should firstly determine how PC5-S message transmit in AS layer, then it will be clear that whether PC5 signalling protocol is needed.

Observation 5: Either the key change requested from upper layer, or RRC re-establish request performed by the UE will trigger PDCP re-establishment.
Observation 6: A PDCP status report shall be sent by the receiving PDCP entity when the PDCP entity re-establishment is triggered.

Observation 7: In NR V2X, whether there is AS layer security is closely depend on SA3 decision.

Observation 8: In NR Uu, there are two scenarios that can trigger PDCP re-establishment, which are handover case and to avoid UE using same COUNT value in the same RB entity.

Observation 9: In NR V2X, it is not reasonable to trigger PDCP re-establishment during every handover procedure, due to V2X UE will usually perform a high mobility.

Proposal 3: RAN2 will not consider PDCP re-establishment during the handover procedure in NR V2X. 

Proposal 4: When the HFN of peer UE is happened to be wrapped around, it needs to update its AS layer keys and inform its peer UE through PC5-RRC signalling.

Proposal 5: PC5 PDCP re-establishment will be triggered for both peer UEs when the maintained HFN is wrapped around.
Proposal 6: RAN2 is not suggested to consider that PDCP re-establishment can trigger PDCP status report.
Proposal 7: In NR V2X unicast, the interspersed ROHC feedback should be conveyed in a PDCP control PDU.
Proposal 8: In NR V2X groupcast and broadcast, RAN2 is not ablve to consider to add D/C field into PDCP data format.
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