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1
Discussion

In relation to this Editor’s note:

Editor's note:
It is FFS whether the PDUs belonging to the same PDU Set need to have different PDU priority. The answer may depend on SA4 feedback.

In their reply LS (S2-2203658 / S4-220505) SA4 have indicated the following in their answer to Q3:
3. Clarify what, if any, dependency there is between the IP packets that make up PDU Sets, e.g. a frame/”slice”.

Again, based on the response to question 1, no single comprehensive answer can be provided. In some cases there are no dependencies, in other cases dependencies exist. The examples above provide some insight into possible dependencies, from none to a dependency that the information unit is prefix-dependent to the case that if any piece is lost of an information unit, the entire unit is useless. We believe that different application media layer mappings and receiver implementations can be addressed by the PDU Set concept and the media/application layer should be able to configure the appropriate handling. Further coordination between SA2 and SA4 is encouraged.
In our understanding the yellow text indicates that the decision for dropping or not dropping PDUs in a PDU Set can only be determined by the application/media layer. Based on configuration provided by the application/media layer, the 5GS in some cases can be instructed, in case of a PDU loss, to either deliver the remaining PDUs of the PDU Set or to preferably drop them. However, from the SA4 reply LS we understand that there is no need for differentiating individual PDUs in a PDU Set based on their relative priority.
With this solution update we assume that all PDUs in a PDU Set should have the same priority.

Proposal 1: It is proposed to clarify that all PDUs in a PDU Set are assumed to have the same priority.

Regarding the following:
Editor's note:
It is FFS how the proactive discarding of PDUs relates to the Packet Error Rate of the underlying 5QI.

This solution update proposes to adopt the PDU Set Error Rate (PSER) parameter defined in solutions #8 and #25. Given the existence of the following Editor’s note in solutions #8 and #25:

Editor's note:
It is FFS whether the same PSER or different PSERs are used when PDU Sets with different importance to the application layer are sharing the same QoS Flow.

It is proposed to add that same EN.

Proposal 2: It is proposed to introduce PSER and add a related Editor’s note.

Regarding the following:

Editor's note:
Any changes to the Control plane procedures are FFS.
Solution #22 is a User-plane solution. All the information related to PDU Set identification and handling is provided in the N6 encapsulation header on packet-by-packet basis.

The only parameter that needs to be conveyed via the Control plane is the PSER. There is no other impact on the C-pane procedures.

Proposal 3: It is proposed to clarify that there is no impact on the C-plane procedures other than conveying the PSER parameter to NG-RAN.

2
Proposal

It is proposed to agree the proposed solution for inclusion in TR 23.700-60.
*** BEGIN CHANGES ***

6.22
Solution #22: N6 tunnelling and GTP-U header extension for conveyance of PDU Set-related information

6.22.1
Key Issue mapping

This solution addresses Key Issues #4 (PDU Set integrated packet handling) and #5 (Differentiated PDU Set Handling).

One aspect of the solution (i.e. XR Multi-modal Data identifier) also relates to Key Issues #1 (Policy control enhancements to support multi-modality flows coordinated transmission for single UE) and #2 (Support the Application Synchronization and QoS Policy Coordination for Multi-modal Traffic among Multiple UEs), although it does not propose a complete solution.

The solution focuses on support of QoS with PDU Set granularity in the downlink direction only.

6.22.2
Description

This solution assumes that there is a set of preconfigured N6 tunnels between the UPF serving as a PDU Session Anchor (PSA) in the 5GS on one hand and a trusted 5G-XR Application Server (5G-XR AS) on the other hand, as illustrated in Figure 6.22.2-1.
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Figure 6.22.2-1: 5G-XR support with N6 tunnels

The following are the salient features of this solution:

-
The UPF with preconfigured N6 tunnels is selected based on the S-NSSAI/DNN requested by the UE during PDU Session establishment.

-
Any suitable tunnelling technology can be used for the N6 tunnel between the UPF (PSA) and the 5G-XR AS provided that it relies on extendable encapsulation header (see below for the extended header information proposed by this solution) that can carry vendor-specific information.

NOTE 1:
In the scope of this study this solution assumes that GTP-U encapsulation over N6 with the extensions defined in this solution is used. Using encapsulation protocols defined by the IETF (e.g. GRE) would require registration of a new Protocol Type with IANA.
NOTE X:
The use of GTP-U on N6 is already supported using the Traffic Steering functionality described in TS 29.244 [xx] clause 5.4.8. Specifically, the Outer Header Creation IE (TS 29.244 [xx] clause 8.2.56) and Outer Header Removal IE (TS 29.244 [xx] clause 8.2.64) support the use of GTP-U.
-
The trusted 5G-XR AS (i.e. the 5G-XR AS at the other end of the N6 tunnel) provides PDU Set-related information in the N6 tunnelling encapsulation header. Whether the PDU payload is encrypted or not is irrelevant, given that all the information that is relevant for PDU Set-level traffic handling is copied in the (external) N6 tunnelling header.

-
The PDU Set-related information is further propagated on N9/N3 towards the RAN inside the GTP-U header using new header extension inside the Frame format for the PDU Session user plane protocol defined in clause 5.5.2 of TS 38.415 [24].
-
Traffic destined to multiple 5G-XR Clients (residing in the same or in different UEs) can be multiplexed in the same N6 tunnel.

-
The binding of downlink packets onto QoS Flows is performed by the UPF PSA using the existing functionality specified in clause 6.1.3.2.4 of TS 23.503 [4]. In other words, the QoS Flow binding does not rely on the PDU Set-related information in the N6 tunnelling encapsulation header.
-
The extended header can include any of the following information:

-
XR stream identifier (XRS ID): identifies all Protocol Data Units (PDUs) corresponding to the same eXtended Reality or media traffic stream. The uniqueness of this identifier is ensured by the 5G-XR AS.

-
XR Multi-modal Data identifier (XRMD ID): optional identifier indicating all Protocol Data Units (PDUs) corresponding to a set of distinct XR traffic streams that are affiliated with each other e.g. in case of Multi-modal Data. The uniqueness of this identifier is ensured by the 5G-XR AS.

NOTE 2:
XRMD ID can be used by NG-RAN to provide joint delivery of PDUs belonging to affiliated XR traffic streams.


-
PDU Handling Type (PHT): indicates whether in case of PDU loss the remainder of the PDUs in the PDU Set should be discarded or not.

-
PDU Set sequence number (PS-SN): indicates the PDU Set to which a PDU belongs. All PDUs corresponding to the same PDU Set have the same PS-SN in the encapsulation header. PS-SN is increased monotonously by the 5G-XR AS.

-
PDU sequence number (PDU-SN): indicates the sequence number of the PDU within a PDU Set.

-
Last PDU Flag (LPF): indicates the last PDU in a PDU Set.

-
PDU Set Priority (PSP): indicates the priority of the PDU Set to which the PDU belongs. The PDUs belonging to the same PDU Set have the same priority. PDUs from one PDU Set can have different priority compared to PDUs from another PDU Set.

-
Reference PDU Set SN (RPS-SN): optional parameter used for PDU Sets that depend on a more important (Reference) PDU Set and need to be transmitted only if the Reference PDU Set has been successfully transmitted.

The use of PS-SN, PDU-SN and LPF allows the network entities (UPF or NG-RAN) to determine the PDU Set boundaries, as well as any loss of PDUs. Upon detection of a lost PDU, the network entity can decide to drop the remaining PDUs belonging to the same PDU Set e.g. based on the PHT.

Similarly, the use of RPS-SN allows the network entities (UPF or NG-RAN) to drop all dependent PDU Sets if the Reference PDU Set has not been transmitted successfully.

In the Control plane the solution assumes that a PDU Set Error Rate (PSER) parameter (as in Solutions #8 and #25) is indicated in association with the 5QI. When the PSER is indicated, it overrides the PER of the corresponding 5QI 
Editor's note:
It is FFS whether the same PSER or different PSERs are used when PDU Sets with different importance to the application layer are sharing the same QoS Flow.


In presence of congestion, the network entity (NG-RAN or UPF) can rely on the PPPS to determine which PDU Sets should be dropped preferably.

NOTE 3:
The encoding of the extended header information listed above is a stage-3 matter.

NOTE 4:
It is up to RAN WG to determine whether the extended header information listed above could be used for additional purposes (e.g. selection of coding and modulation scheme on the radio interface, etc.).

6.22.3
Procedures

The solution describes the mechanisms that are used in the User plane of the 5GS. There are no changes to the Control plane procedures other than conveying the PSER parameter to NG-RAN in association with the 5QI.

6.22.4
Impacts on services, entities and interfaces
UPF impact:

-
Ability to copy PDU Set-related information from the N6 tunnelling header into the GTP-U header extension inside the Frame format for the PDU Session user plane protocol defined in clause 5.5.2 of TS 38.415 [24].

-
Ability to use the PDU Set-related information received in the N6 tunnelling header e.g. for packet dropping, as described in clause 6.22.2.

NG-RAN impact:

-
Ability to use the PDU Set-related information received in the Frame format for the PDU Session user plane protocol defined in clause 5.5.2 of TS 38.415 [24], e.g. for packet dropping, as described in clause 6.22.2.
*** END CHANGES ***
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