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1. Reason for Change
The final conclusions for SRv6 user plane protocol (without GTP-U) were marked as FFS. 
Headings of clause 6 (Candidate User Plane Protocols) are also updated to be consistent with the conclusions. 
2. Conclusions
The SRv6 user plane protocol (without GTP-U) solution does not support all the architectural requirements for user plane identified in the TR. It breaks in particular the PDU Session User Plane Protocol specified by 3GPP RAN3 in TS 38.415, that is used over N3 and N9. 
NOTE:	Specifying a separate and transport independent PDU Session User Plane Protocol including radio network layer user plane information has been a key design architectural principle adopted by 3GPP RAN3 and 3GPP CT4 for the user plane solution in the 5GS; this requires the capability to transfer PDU Session User Plane Protocol PDUs (see subclause 5.3 3GPP TS 38.415 [10]) and allows the PDU Session User Plane Protocol to evolve without impacting GTP-U and the transport network layer. See RAN3 LSs to CT4 in R3-174196 and R3-180567. 
Pros and Cons of the SRv6 user plane protocol (without GTP-U) compared to GTP-U over SRv6 are listed. 
The benefits of the SRv6 user plane protocol (without GTP-U) solution are minimal and negligible compared to the drawbacks of the solution and compared to the flexibility provided by GTP-U over IP-based transport (including SRv6) that supports heterogenous transport network and segment optimized transport options, that supports backward and forward compatibility with all existing IP technologies, and that is supported on all RAN and CN user plane interfaces in all generations of mobile networks. 
It is recommended to not standardize the SRv6 user plane protocol (without GTP-U) solution.
3. Proposal
It is proposed to agree the following changes to 3GPP TR 29.892 v1.2.0.


* * * First Change * * * *
[bookmark: _Toc9348537][bookmark: _Toc9348632]6	Candidate User Plane Protocols
This clause will describe each candidate protocol.
[bookmark: _Toc9348538]6.1	GTP-U over IP-based transport (including SRv6)

* * * Next Change * * * *
[bookmark: _Toc9348552]6.2	Segment Routing IPv6 (SRv6) user plane protocol (without GTP-U)

* * * Next Change * * * *
7.3	Comparison

	Description
	GTP-U over IP-based transport (including SRv6)

	SRv6 user plane protocol (as a replacement ofwithout GTP-U)


	A. Common aspects
	1) UPF functionalities are controlled by the SMF over the N4 interface (PFCP protocol), i.e. SRv6 network programmability (see subclause 6.2.1.3) is not used in the 3GPP system; 

2) As a result of 1), the UPF shall keep the same states for PFCP associations and PFCP sessions in both solutions;  

3) User plane tunnels are established hop by hop between UPFs, i.e. source based routing of SRv6 is not used beyond the possibility for the UPF to force packets to go through intermediate routers between the 2 UPFs using the Network Instance information, in SRv6 Enhanced Mode or with GTP-U over SRv6.
 

	B. Architectural requirements for User Plane
	All requirements are supported.


	Requirements are supported with following restrictions or comments: 

1)	the PDU Session User Plane Protocol over N9 as specified in Annex A of 3GPP TS 29.281 [2] and in 3GPP TS 38.415 [10] is not supported; 
Editor's Note:  a solution to support the above requirement is FFS.
2)	security requirements and proposed 3GPP extensions to existing IETF security requirements for use of SRv6 across SR Domain (e.g. inter-PLMN) need to be reviewed and assessed by SA3 (see subclause 6.2.2.7).

	C. IP connectivity for N9 and network slicing
	Not supported by the GTP-U protocol itself but supported by existing underlying transport technologies, including GTP-U over SRv6. 


	SRv6 in Enhanced Mode allows to encode SRH headers to force the data path to go through intermediate SRv6 routers between two UPFs, but the same can be achieved with GTP-U over SRv6. 

SRv6 in Traditional Mode does not support SRH headers and hence does not support forcing the data path through intermediate SRv6 routers between two UPFs, which can be achieved by e.g. GTP-U over SRv6. 


	D. System Impacts
	No impacts are identified for GTP-U other than those identified for the optional support of UDP zero checksum for GTP-U over IPv6. 
	Impacts several 3GPP system entities (UPF, SMF, V-SMF, H-SMF, I-SMF, NRF, AMF) and several interfaces (N9, N4, N16, N16a, N38, Nnrf, N27) including roaming interfaces. 

Editor's Note: Potential additional impacts to lawful interception need to be assessed by SA3-LI.

	E. Key additional considerations
	GTP-U enables separation between 3GPP user plane and IP-based transport, e.g. when mobile and transport network are different. 

	3GPP User Plane and IP transport are collapsed/integrated, with the IP destination address encoding the IP address of the peer UPF, the TEID of the specific user plane tunnel and other 3GPP related information (e.g. QFI, RQI). 

The solution locks the 3GPP user plane with the SRv6 transport and creates a dependency between 3GPP applications and the underlying transport stack.


	
	GTP-U runs over existing transport network technologies and enables segment optimized transport options. 

	To use the full set of functionalities, the solution relies on IPv6 and, for Enhanced Mode, on SRv6 capable networks. 

	
	Same solution as used in RAN, EPS and Rel-15 5GC. 
	Interworking required with GTP-U supported in RAN, EPS and Rel-15 5GC, causing impacts in UPF. 


	
	The protocol is fully extensible by defining new GTP-U extension headers.
	Editor's Note: protocol extensibility of the solution is FFS.
The SRv6 extensibility is explained in subclause 6.2.1.2.

	
	Transport remains agnostic of the number of PDU sessions setup in the network (number of 5-tuple flows visible in transport layer is relatively low as PDU sessions are aggregated). 

Entropy for load balancing is permitted but not mandated by the GTP-U protocol. 

	Number of flows visible in transport layer is function of the number of PDU sessions. 


	
	Protocol overhead: 24 octets (*)
(GTP-U header + GTP-U Extension header + UDP header)

MPLS Label stack header: 4 octets per MPLS label (if SR-MPLS transport is used). 

SRv6 overhead: see SRv6 solution (if SRv6 transport is used) 

Protocol overhead is not an issue for CN internal interfaces. 

(*) not counting IP header and transport layer headers
	Protocol overhead: 
- Traditional Mode: none 
- Enhanced Mode: 24/40/56 octets for e.g. 1/2/3 SIDs (*). 
(Generic Routing Extension header + SRH header + 16 octets per SID)

(not counting IPv6 header and transport layer headers, nor SRH optional objects, if any)

Protocol overhead is not an issue for CN internal interfaces. 

(*) not counting IP header and transport layer headers



Table 7.3-1: Comparison of solutions

* * * Next Change * * * *
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[bookmark: _Toc9348634]8.1	General
This technical report presents the detailed analysis of the following candidate user plane protocols, based on 5GC architectural requirements, key issues, system impacts and additional considerations: 
1)	GTP-U protocol over IP-based transport (including SRv6) - see subclause 6.1; 
2)	SRv6 user plane protocol (without GTP-U) - see subclause 6.2.2. 
Both solutions rely on the same 5GS architecture principles, with UPF functionalities controlled by the SMF over N4 using the PFCP protocol, with the same states in UPF for PFCP associations and PFCP sessions, and with user plane tunnels established hop by hop between UPFs, resulting in no difference between the two solutions in terms of scalability, performance, signaling optimization and programmability (see subclauses 7.2.2 and 7.2.3).
[bookmark: _Toc9348635]8.2	GTP-U over IP-based transport (including SRv6)
GTP-U can run over various transports (such as IPv4, IPv6, SR-MPLS or SRv6) and enables to separate the 3GPP user plane from the transport layer as required e.g. when mobile and transport network are different. It allows the 3GPP User Plane and Transport to evolve independently from each other without restricting either technology. It supports heterogenous transport network and segment optimized transport options (e.g. MPLS or SR MPLS in Backhaul, SR MPLS or SRv6 in Aggregation/Core, SR MPLS or VxLAN/GRE in Data Center). 
This protocol has been used over all the user plane interfaces in the 3GPP system since Rel-99 onwards, in the RAN and Core Network, in the 5GS, EPS and earlier generation's mobile networks, including roaming interfaces between VPLMN and HPLMN. 
It GTP-U supports all the 3GPP architectural requirements for user plane specified in Rel-16. It supports in particular the PDU Session User Plane Protocol defined by 3GPP RAN3 in 3GPP TS 38.415 [10], that is used over N3 and N9 to transfer 5GS information together with user plane packets, i.e. the PDU Session User Plane Protocol can evolve without impacting GTP-U and the transport network layer. 
Existing transport technologies (e.g. SR-MPLS, SRv6) allow forcing the GTP-U traffic to go through specific intermediate routers between two UPFs by referencing a specific Network Instance, e.g. for network slicing, exactly like the SRv6 user plane protocol (without GTP-U) solution. 
GTP-U is fully extensible, by allowing new extension headers to be defined as this has been done in Rel-15 and earlier releases to support several features, e.g. RAN containers, PDU Session Container (5GS information).
3GPP TS 29.281 [2] currently refers to IETF RFC 2460 [15] for the IPv6 protocol, which has been obsoleted by IETF RFC 8200 [4]. The analysis in subclause 6.1.2 shows that the changes in IPv6 protocol in the latest RFC do not impact the GTP-U protocol, other than the need to negotiate the optional use of UDP zero checksum during the setup of GTP-U tunnel over IPv6 as described in subclause 6.1.3.2. 
It is recommended to update the GTP-U specification in Rel-16 to: 
-	update the IPv6 protocol reference to IETF RFC 8200 [4] and to enable the optional use of the UDP zero checksum over IPv6; 
-	recommend the use of dynamic source UDP port or the Flow Label field to ease load balancing of the traffic in the transport network.
[bookmark: _Toc9348636]8.3	SRv6 user plane protocol (without GTP-U)
The SRv6 user plane protocol (without GTP-U) solution proposes to remove the GTP-U/UDP headers, which saves 24-bytes, by placing 3GPP user plane information (e.g. Tunnel Endpoint Identifier, QoS Flow Identifier, Reflective QoS Indicator, Echo Request/Response, Error Indication, End Marker) within 3GPP specific extensions in the SRH header (e.g. 3GPP specific tags and TLV objects) and in the SID/IP Destination Address. 
The solution does not supports all the 3GPP architectural requirements for user plane specified in Rel-16: , 
-	exceptthe solution does not support the architectural requirement 8) from subclause 5.1.1: 

"8)	The PDU Session User Plane Protocol (see 3GPP TS 38.415 [10]) shall be supported to transfer 5GS information over N3 and N9 (e.g. QoS Flow Identifier, Reflective QoS Indicator, Paging Policy Indicator) together with user plane packets."
Specifying a separate and transport independent PDU Session User Plane Protocol including radio network layer user plane information has been a key design architectural principle adopted by 3GPP RAN3 and 3GPP CT4 for the user plane solution in the 5GS; this requires the capability to transfer PDU Session User Plane Protocol PDUs (see subclause 5.3 3GPP TS 38.415 [10]) and allows the PDU Session User Plane Protocol to evolve without impacting GTP-U and the transport network layer. See RAN3 LSs to CT4 in R3-174196 and R3-180567. 

, where tThe SRv6 user plane protocol (without GTP-U) solution results in splitting apart the contents of the PDU Session User Plane PDUs into different two places of the TLV and the SID in the SRv6 packets (i.e. in the TLV and the SID). This means that the PDU Session User Plane Protocol would no longer be supported over N9, and the solution woulddoes not allow the PDU session user plane protocol to evolve without impacting the SRv6 user plane packets.: 
"8)	The PDU Session User Plane Protocol (see 3GPP TS 38.415 [10]) shall be supported to transfer 5GS information over N3 and N9 (e.g. QoS Flow Identifier, Reflective QoS Indicator, Paging Policy Indicator) together with user plane packets."
The other architectural requirements are supported. 
SRv6 in Traditional Mode does not allow to force the data path to go through intermediate routers between two UPFs, e.g. for network slicing. SRv6 in Enhanced Mode allows to force the data path to go through intermediate routers between two UPFs by referencing a specific Network Instance, e.g. for network slicing, like e.g. GTP-U over SRv6 or GTP-U over SR-MPLS.
Compared to GTP-U over SRv6, the SRv6 user plane protocol (without GTP-U) solution presents the following advantages and drawbacks:   
Pros:
-	no GTP-U and UDP headers, saving up to 24 bytes in user plane packets over N9; however, subclause 7.3 states, for both solutions, that protocol overhead is not an issue for CN internal interface. SRv6 enhanced mode can even result in extra overhead compared to GTP-U over other transports such as SR-MPLS (as MPLS labels are encoded on 4 octets and SIDs on 16 octets). The average packet size in PLMNs is about 750 bytes today (in some networks, it is up to 1000-1100 bytes) and it is increasing further as video traffic is the main contributor to overall traffic. 24 bytes cause an overhead of 2,9% (payload: 750, GTP/UDP headers: 16+8, IPv6: 40, Ethernet: 26).
NOTE:	QoS flow based-routing differentiation has not been studied nor required in the TR. If this was desired, the SRv6 user plane protocol (without GTP-U) solution exposes session flows to the IP transport, which enables routing differentiation based on IP forwarding mechanism (i.e. longest prefix match); for SRv6 enhanced mode, this would however be only possible on intermediate routing segments if 3GPP specific information (TEID, QFI) can be embedded in the intermediate SIDs of the transport network. In comparison, GTP-U exposes session and QoS flow information in GTP-U header. 
Cons: 
-	the solution assumes specific network deployments: to use the full set of functionalities (e.g. the possibility to force the data path to go through intermediate routers between two UPFs, e.g. for network slicing), the solution relies on IPv6 and SRv6 capable networks and assumes mobile and transport networks from a same operator (see A.2 of Table 7.2.3-2 and E of Table 7.3-1). 
-	the solution locks the 3GPP user plane with the SRv6 transport and puts constrains on the IPv6 prefix allocations as the SID/IP Destination Address is also used to encode 3GPP specific information. The solution also constrains the length and structure of the intermediate SIDs of the transport network (see A14 of Table 7.2.3-2). 
-	the solution impacts several 3GPP system entities (i.e. UPF, SMF, V-SMF, H-SMF, I-SMF, NRF, AMF) and several interfaces (N9, N4, N16, N16a, N38, Nnrf, N27) including roaming interfaces. Impacts to the 5G System could be even much larger if this solution was considered to be proposed for RAN user plane interfaces in future (which is out of scope of this TR). 
-	this would make a N9 (mostly intra-PLMN) specific user plane solution, requiring interworking with GTP-U that is used over N3, N4-u, and in the entire 5GS system in Rel-15; whether such a solution would possibly be adopted in RAN in future is out of the scope of this TR but very dubious considering that it does not support the PDU Session User Plane Protocol (see 3GPP TS 38.415 [10]) designed by 3GPP RAN3 over N3 and considering the extents of impacts this would cause on the RAN user interfaces and the E1 interface;  
-	SRv6 in Traditional Mode does not encode any SRH header and therefore SRv6 in Traditional mode does not allow by its own to force the data path to go through intermediate routers between two UPFs, e.g. for network slicing (see subclause 7.1.3.1.3 and A14 of Table 7.2.3-1), which GTP-U over SRv6 supports; 
-	the solution complicates interworking between roaming partners; roaming will require both GTP-U (while UE is on EPS) and SRv6 without GTP-U (while UE is in 5GS), if the latter is used on the roaming interface, creating two completely different protocols. 
Standardizing this solution as an additional optional user plane solution in the 5GC would: 
-	require 3GPP standardization work in 3GPP CT4 and beyond; 
-	result in double specification and implementation work as future extensions would need to be specified and implemented for GTP-U as well; 
-	require tighter coordination with 3GPP RAN3 as future extensions to the PDU Session User Plane Protocol specified by 3GPP RAN3 would newly need specific CT4 extensions for N9;  
-	complicate interoperability e.g. between different roaming partners. 
The following aspects would also require to be further assessed and yield to further work outside 3GPP CT4: 
-	the security requirements and proposed extensions to existing IETF security requirements for use of the solution across SR domain (e.g. inter-PLMN) would need to be reviewed and assessed by SA3; 
-	the support of SRv6 user plane protocol (without GTP-U) in GRX/IPX would need to be studied by GSMA; 
-	potential additional impacts for Lawful Interception would need to be assessed by SA3-LI.
The benefits of the SRv6 user plane protocol (without GTP-U) solution are minimal and negligible compared to the aforementioned drawbacks of the solution and compared to the flexibility provided by GTP-U over IP-based transport (including SRv6) that supports heterogenous transport network and segment optimized transport options, that supports backward and forward compatibility with all existing IP technologies, and that is supported on all RAN and CN user plane interfaces in all generations of mobile networks. 
It is recommended to not standardize this solution. 
Editor's Note: Further conclusions for SRv6 user plane protocol (without GTP-U) are FFS. 


* * * End of Changes * * * *

