



SA WG2 Meeting #S2-150e	S2-2202872r01
06 - 12 April 2022, Electronic Meeting	

Source:	Vodafone
[bookmark: _Hlk94039492]Title:	Solution for KI#4 (PDU Set integrated packet handling) by sending PDU Set sequence number in a GTP-U extension header 
Document for:	Approval
Agenda Item:	9.19
Work Item / Release:	FS_XMR / Rel-18 
Abstract of the contribution: This contribution provides a solution to solve KI#4 and to reduce jitter (KI#7).
1. Introduction
[bookmark: _Toc352077766]This paper proposes a solution for KI#4, PDU Set integrated packet handling (agreed in SA2#149E and copied below). 
The solution also provides a means for reducing the jitter in PDU Set delivery, 
In current 5GS, the QoS Flow is the finest granularity of QoS differentiation in the PDU Session. The 5G QoS characteristics is determined by the 5QI. This implies that each packet in a QoS flow is treated according to the same QoS requirements.
For XR/media services, a group of packets are used to carry payloads of a PDU Set (e.g. a frame, video slice/tile).
In media layer, packets in such a PDU Set are decoded/handled as a whole. For example, the frame/video slice may only be decoded in case all of the packets carrying the frame/video slice are successfully delivered. A frame within a GOP (Group of Pictures) can only be decoded by the client in case all frames on which that frame depends are successfully received. Hence the groups of packets within the PDU Set have inherent dependency on each other in media layer. Without considering such dependencies between the packets, 5GS may perform a scheduling with low efficiency. For example, the 5GS may randomly drop a packet but try to deliver other packets of the same frame/video slice which are useless to the client and thus waste radio resources.
Also audio samples, haptics applications or remote control operations may benefit if the 5GS considers the PDU Set characteristics.
If such dependency between packets of a PDU Set (e.g. a frame/video slice) can be considered, it's possible to enhance the efficiency and promote user experience.
This key issue proposes to study PDU Set integrated packet handling in 5G network, in which the group of packets belongs to a same PDU Set will be handled in an integrated manner. The key issue includes the following aspects:
[bookmark: _Hlk94089051]-	Which types of PDU Set (e.g. frame/video slice) shall be supported for PDU Set integrated packet handling by 5G network.
[bookmark: _Hlk94089120]NOTE 1:	Coordination with SA WG4 is possibly needed.
-	What information should be provided to the 5GS regarding PDU Set for integrated packet handling, and how such information should be provided.
-	How the 5GS identifies that a PDU belongs to a specific PDU Set.
NOTE 2:	It is assumed that some header information necessary for the identification of PDUs and it is assumed that the corresponding information is not encrypted.
[bookmark: _Hlk94089313]-	Whether and how to enhance the QoS model and policy control for PDU Set integrated packet handling.
[bookmark: _Hlk94089401]-	Whether and how to perform the PDU Set integrated packet handling in the UE, RAN and/or UPF.
[bookmark: _Hlk96351276]-	What information needs to be provided to the RAN and/or UPF to support PDU Set integrated packet handling in both the downlink and uplink direction.
-	Whether and how provide information to the UE for PDU Set integrated packet handling.
NOTE 3:	Coordination with RAN WGs may be needed.
2. Proposal
[bookmark: _Toc510607499][bookmark: _Toc518306733]This paper proposes the following updates and NEW ADDED TEXT to TR 23.700-60 v0.1.0 clauses 2 and 6.  

* Start of change * 
[bookmark: _Toc97526894][bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc49966755][bookmark: _Toc50390314][bookmark: _Toc50450156][bookmark: _Toc50450368][bookmark: _Toc50451590][bookmark: _Toc50451802][bookmark: _Toc50464482][bookmark: _Toc54378876][bookmark: _Toc54776470][bookmark: _Toc57373211][bookmark: _Toc73524093][bookmark: _Toc75324078]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 23.501: "System Architecture for the 5G System (5GS); Stage 2".
[3]	3GPP TS 23.502: "Procedures for the 5G System; Stage 2".
[4]	3GPP TS 23.503: "Policy and charging control framework for the 5G System (5GS); Stage 2".
[5]	3GPP TS 22.261: "Service requirements for the 5G system; Stage 1".
[6]	3GPP TR 22.847: "Study on supporting tactile and multi-modality communication services; Stage 1".
[vv]	3GPP TS 29.281: "General Packet Radio System (GPRS) Tunnelling Protocol User Plane (GTPv1-U)".

* New ADDED TEXT not revision marked* 
[bookmark: _Toc22192650][bookmark: _Toc23402388][bookmark: _Toc23402418][bookmark: _Toc26386423][bookmark: _Toc26431229][bookmark: _Toc30694627][bookmark: _Toc43906649][bookmark: _Toc43906765][bookmark: _Toc44311891][bookmark: _Toc50536533][bookmark: _Toc54930305][bookmark: _Toc54968110][bookmark: _Toc57236432][bookmark: _Toc57236595][bookmark: _Toc57530236][bookmark: _Toc57532437][bookmark: _Toc97526924][bookmark: _Toc16839382]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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6.V	Solution #V: GTP extension header for PDU Set Sequence Number, and, Number of PDUs in the PDU Set
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685]6.V.1	Key Issue mapping
Editor's Note:	This clause lists the key issue(s) addressed by this solution.
This solution addresses:
a) Key Issue #4: PDU Set integrated packet handling
b) Key Issue #7: Policy enhancements for jitter minimization
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686]6.V.2	Description
[bookmark: _Toc500949101]Editor's Note: This clause will describe the solution principles and architecture assumptions for corresponding key issue(s). Sub-clause(s) may be added to capture details. 
a) The XR server is tightly coupled with a UPF, e.g. by locating the XR server in an edge computing location.
Each PDU has a new GTP-U extension header carrying the Sequence Number allocated to the PDU Set, and the number of PDUs in the PDU Set. 
The GTP-U extension header goes from the XR Server/UPF through any (and all) intermediate UPFs to the gNB and enables the gNB to operate the radio resources more efficiently, e.g. by discarding PDUs of a PDU Set that the gNB knows cannot be delivered in time. 
b) In a real system, it can be expected that the delay budget relates to the transmission of the entire PDU Set and not to each individual IP packet (PDU). 
By using the concept of “PDU Set Delay Budget” and providing the PDU’s PDU Set sequence number to the gNB, the gNB can reduce the jitter in the delay with which the complete of the PDU Set is delivered to the recipient’s application compared to the existing behaviour where each PDU is treated with the same Packet Delay Budget. 
 
[bookmark: _Toc97526928]6.V.3	Procedures
Editor's note:	This clause describes high-level procedures and information flows for the solution.
a) [bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688]A PDN connection is established with a UPF that is suitable for the XR service.
b) The XR server is tightly coupled or integrated with that UPF, e.g. by locating the XR server in an edge computing location.
c) Each PDU Set is allocated a Sequence Number. New GTP-U extension header(s) carry the PDU Set Sequence Number, and the “Number of PDUs in the PDU Set” from the XR Server/UPF through any (and all) intermediate UPFs to the gNB. 
d) Part of the GTP-U extension header can be used to inform the RAN whether it is essential for all PDUs of the PDU Set to be received by the UE in order for any of the information of that PDU Set to be any of use to the UE.
This enables the gNB to know whether it can locally discard PDUs of a PDU Set if it knows that it will fail to properly deliver the complete PDU Set.
e) The GTP-U extension header type can be encoded so that intermediate UPFs/GTP-U entities pass the header on to the final GTP-U endpoint even if the intermediate GTP-U entities do not understand that GTP-U extension header). 
To enable smooth operation with legacy RAN nodes, it is anticipated that the GTP-U extension header would be encoded as ‘comprehension not required’.
The relevant extract from the GTP-U specification, TS 29.281 [vv] clause 5.2.1 is copied below:
Bits 7 and 8 of the Next Extension Header Type have the following meaning:
	Bits
8      7
	Meaning

	0       0
	Comprehension of this extension header is not required. An Intermediate Node shall forward it to any Receiver Endpoint

	0       1
	Comprehension of this extension header is not required. An Intermediate Node shall discard the Extension Header Content and not forward it to any Receiver Endpoint. Other extension headers shall be treated independently of this extension header. 

	1       0
	Comprehension of this extension header is required by the Endpoint Receiver but not by an Intermediate Node. An Intermediate Node shall forward the whole field to the Endpoint Receiver.

	1        1
	Comprehension of this header type is required by recipient (either Endpoint Receiver or Intermediate Node)



Figure 5.2.1-2: Definition of bits 7 and 8 of the Extension Header Type
f) In a real system, it can be expected that the delay budget relates to the transmission of the entire PDU Set and not to each individual IP packet. In such a situation, the PDU Set Sequence Number enables the gNB to estimate the amount of time that it has for the delivery of each PDU from the time that the first PDU of that PDU Set arrives at the gNB.    
This enables the jitter in the delay with which the complete of the PDU Set is delivered to the recipient’s application to be reduced. It does however imply a slight redefinition of the current Packet Delay Budget attribute, or, the introduction of a new QoS attribute.
Note that even in an otherwise unloaded system, the backhaul to the gNB can insert a non-negligible delay for typical XR PDU Sets, e.g. a PDU set of 50 kbytes occupies at least 0.4 ms on a 1 Gbit/s link. When the system is moderately loaded, queuing delays can occur even in wider bandwidth backhaul links.

[bookmark: _Toc97526929]6.V.4	Impacts on services, entities and interfaces
Editor's note:	This clause captures impacts on existing 3GPP nodes and functional elements.
The entities impacted by this solution are the UPF at the XR Server and any gNB that supports this functionality.
If a new QoS attribute is added for the PDU Set delay budget (instead of changing the definition of the existing PDB), then there would be some impacts on the PCF and SMF.
The AMF and any UPFs in between the gNB and the UPF at the XR Server are not impacted. 

* End of changes * 






