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1	Impacts

	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	
	X
	

	No
	X
	
	X
	
	

	Don't know
	
	
	
	
	X



2	Classification of the Work Item and linked work items
2.1	Primary classification
This work item is a …

	X
	Study 

	
	Normative – Stage 1

	
	Normative – Stage 2

	
	Normative – Stage 3

	
	Normative – Other*


* Other = e.g. testing

2.2	Parent Work Item
For a brand-new topic, use “N/A” in the table below. Otherwise indicate the parent Work Item.
	Parent Work / Study Items 

	Acronym
	Working Group
	Unique ID
	Title (as in 3GPP Work Plan)

	N/A
	
	
	



2.3	Other related Work Items and dependencies

	Other related Work /Study Items (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	{optional free text} 



3	Justification
In many popular use cases, e.g., industrial, enterprise, personal or in-vehicle networks, there is a need to deploy multiple devices or even entire IP subnetworks behind a UE to provide them with mobile connectivity. Those subnetworks may be based on wired (typically Ethernet) or wireless technologies. Most often, the devices or subnetworks need more than one UE acting as an IP router for reliability, redundancy, or load-balancing purposes. This kind of deployment requires 5GS to support multiple UEs that provide connectivity for the same IP addresses, IP prefixes or IP address ranges.
IP-based communication has advantages that facilitate the discussed use cases. IP in general, supports multiple routes for the same IP hosts or subnets with different or equal cost with dynamic updates. The 5GS can support IP networking with a pre-configured topology behind the UE and a certain set of IP QoS. Currently, UPF can forward IP packets to IP hosts or subnets behind the UE via framed routes or IPv6 prefixes delegated to the UE. However, many common features in IP networks are not yet supported, e.g., redundant/backup IP paths, IP path selection among redundant paths or dynamic IP routing protocols. 5GS does support multipath IP communication using multiple IP addresses or prefixes, but this also requires special support in the IP hosts behind the UE routers, such as Multipath-TCP or Multipath-QUIC type of protocols. Supporting dynamic multipath routing or load balancing for “ordinary” IP hosts and traffic would allow 5GS to serve many deployments better.
In addition to the UE side, the 5GS (UPF) can have multiple potential next-hop routers to reach the same IP address or prefix within the Data Network (DN). The UPFs are already able to participate in IP routing protocols within the DN, but the 5GS control plane needs to be made aware of the UPF routing status. This limits the situations where it is desirable to specific end-to-end traffic engineering between the UE and the DN side endpoints.   
In case there are multiple potential paths or routes from the 5GS to IP prefixes behind UEs or IP prefixes in the DN, there are three ways how the 5GS acting as an IP router can select the next hop to be used: 1.) Based on 5GS internal decisions, e.g., choosing between two UEs or PDU sessions based on 5GS internal status information, 2.) Based on participating in IP routing protocols on both with UE and DN side routers, and 3.) Based on explicit route configuration from an external AF acting as a controller. Supporting these approaches would improve 5GS integration to all types of IP-routed networks.
4	Objective
The study item aims at identifying the system architecture aspects related to enhanced IP routing support, including the following working tasks (WT):
WT#1: Enhancements for enabling connectivity to the same IP subnet/prefix reachable via multiple UEs 
· Study how 5GS can manage a set of UEs providing connectivity to the same IP subnet/prefix, avoiding a single point of (UE) failure for the IP subnet connectivity.  
· For the case when such UE(s) or routes are used in an active/stand-by mode: Study how 5GS determines the policy for the active UE or route (re-)selection and based on which factors to make the selection.
· Study the (re-)configuration of potentially overlapping PDR/FAR rules across PDU/PFCP sessions to provide IP packet forwarding to/from an IP subnet/prefix reachable via multiple UEs to provide resilient IP connectivity.

WT#2: Enhancements of 5GS to act as an IP router including support of IP routing protocols 
· Study how the 5GS can actively participate in IETF IP routing protocols running on the UE side and/or on the UPF side

WT#3: Enhancements for explicit IP route selection and steering influenced by an AF 
· Study how 5GS can expose and allow AF controlled/influenced explicit IP route selection and steering on both UE and DN sides. 

The study has the following assumptions:
· Work on this study assumes the use of existing IETF IP routing protocols with no additional enhancements. 
· This solution assumes that the UEs acting as IP routers providing connectivity to the same IP subnet/prefix (LAN) are served in the home PLMN.
· The PDU sessions used for route redundancy/back-up across multiple UEs are managed by the same SMF set. 

TU estimates and dependencies
	Work Task ID
	TU Estimate
(Study)
	TU Estimate
(Normative)
	RAN Dependency
(Yes/No/Maybe) 
	Inter Work Tasks Dependency 
This column highlights if WT#x is self-contained, or it depends on the completion of other WTs

	WT#1
	
	
	NO
	self-contained

	WT#2
	
	
	NO
	self-contained

	WT#3
	
	
	NO
	self-contained



Total TU estimates for the study phase: 
Total TU estimates for the normative phase: 
Total TU estimates: 

5	Expected Output and Time scale

	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Rapporteur

	Internal TR
	23.xxx
	Study on 5GS enhancements for IP routing
	TSG#xx
	TSG#xx
	Baliarsingh, Saubhagya, Nokia

saubhagya.baliarsingh@nokia.com

	
	
	
	
	
	




	Impacted existing TS/TR {Not applicable}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	
	
	
	

	
	
	
	



6	Work item Rapporteur(s)
Baliarsingh, Saubhagya, saubhagya.baliarsingh@nokia.com  

7	Work item leadership
SA2

8	Aspects that involve other WGs
Potential security impact to be covered by SA3.  
Potential charging and OAM impact to be covered by SA5.
Stage 3 aspects covered by CT WGs. 

9	Supporting Individual Members

	Supporting IM name

	Nokia

	Nokia Shanghai Bell

	

	

	

	




