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Discussion

1.0
Background
The 5G study concluded that the SMF be the responsible entity for allocating IP addresses, this was mostly done to align with current CUPS functionality.  There are however some deployment aspects that in conjunction with specifying the allocation of IP addresses by the control plane layer creates additional management overhead and operational complexity as the network scales with multiple SMF’s and UPF’s – this is further amplified for the 5GS due the network splitting functionality, local network routing functions, and the architectural assumptions that virtualization technologies are employed.
2.0
Issue Overview

Although details of IP allocation are outside the realm of 3GPP specifications, many implementations currently support IP address pools from which an appropriate IP address is assigned when a device needs an IP address.  In the IP networks outside and surrounding the 3GPP systems, these user plane IP addresses are configured to ensure that the assignable addresses of a user plane entity are ultimately routed to that entity.  In 5GS Control and User plane are separated (SMF and UPF), however this routing is unchanged (i.e. the routing still points to the UPF), even though control of IP addresses to a user’s bearer is now performed by the SMF; thus the SMF is be configured to assign the IP addresses that route to the UPF.  
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Figure 1: IP Routing and allocation for single UPF and Single SMF

When a network grows it is expected that additional UPF’s will be deployed, in which case new IP addresses will be needed, and routing will be configured to route these user plane identities to the new user plane function.  The SMF will now need to maintain two pools of IP addresses and assign from the correct pool depending on which user plane entity is selected to route the traffic to the user. 
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Figure 2: IP Routing and allocation for multiple UPF and Single SMF

When the network grows such that it needs additional control plane capacity it has two options when adding an SMF to the network, either it segregates the UPF and SMF due to geography, or it deploys a fully meshed network where all UPF can be controlled by any SMF.  Segregating UPF and SMF may be possible in some circumstances, but in general runs counter to the goals of 5GS – therefore it can be assumed that fully meshed deployments will be common for 5GS; thus a UPF may have its IP addresses allocated by multiple SMF’s.  To avoid duplicate IP address allocation the SMF’s will either need to co-ordinate IP allocations between themselves, or utilize discrete address pools for a given UPF – these options will either be impractical in deployments with large numbers of SMF & UPF, or inefficient where a UPF has few IP resources (e.g. local network or edge computing scenarios) forcing networks to deploy centralized IP allocation solutions outside the SMF (e.g. DHCP, Proprietary Radius).
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Figure 3: IP Routing and allocation for multiple UPF and Multiple SMF

An alternative solution is therefore necessary, to accommodate complex deployments without resorting to centralized IP allocation.

2.0
Solution Description

2.1
Solution Overview

As currently defined the SMF remains the entity responsible for assigning IP addresses to PDU’s that require IP addresses – however instead of the SMF possessing a number of pre-configured pools from which it can allocate IP addresses when needed, the SMF would instead request the UPF to reserve IP addresses on its behalf, and from these reserved IP addresses the SMF allocates an IP address to a PDU.  The SMF would then request additional IP addresses when it needed to allocate an IP address to an PDU and it has no IP’s reserved for a given UPF.  The number of IP addresses reserved would need to be flexible allowing many addresses to be requested (for frequent services) at a time or as few as one (in which case a request would need to proceed any allocation).

Different services, dependent on local configuration, could utilize service specific reserved IP addresses, or reserved IP addresses common to a number of different services.

Support would be optional in both SMF and UPF, requiring the use of fixed pools (or external allocation methods) if either function did not support the capabilities.  For networks with mixed support types, UPFs and SMFs would need to be grouped according to capability.
2.2
Architecture Aspects

2.2.1
UPF

The UPF may support reservation of IP addresses.

If the UPF supports IP address reservation (and is configured to use the function), the UPF will manage the range (or ranges) of user IP addresses that route via the UPF and are routed to the UPF by the surrounding IP networks.  When requested by a SMF to reserve a number of IP addresses, the UPF will respond with a list of the IP addresses reserved (or range of IP addresses reserved) and manage the reservation status of its user IP addresses accordingly.  The UPF manages the IP reservations status toward each SMF instance, and when it receives a PDU establishment request ensures that the IP address assigned is one that has been reserved by the requesting SMF.
How the UPF receives the information on the user IP addresses that route to it is outside the scope of 3GPP.

Once a UPF has allocated (based on SMF instruction) a user IP address to a PDU session, and that session has subsequently released, the IP address is no longer reserved, and could subsequently be reserved again by the same SMF or a different SMF.
2.2.2
SMF

The SPF may support reservation of IP addresses.

If the SMF supports IP address reservation (and is configured to use the function), the SMF will determine to request IP addresses reservation prior to IP allocation to a specific PDU; the trigger to request reservation could be determined by some algorithm, or in direct response to a PDU setup when the SMF has insufficient IP reservations.  The SMF will send a reservation request to the UPF to request 1 or more user IP addresses.  Once the SMF receives the list of IP addresses (or IP address ranges) reserved for it, it can manage these resources, and use them to when allocating IP addresses when activating PDU sessions towards UE’s.
Once a SMF has allocated a user IP address to a PDU session, and that session is subsequently released, the IP address is no longer reserved; the SMF may however receive the same IP address in response to a subsequent reservation request.
2.3
Procedure Aspects

2.3.1
User IP Reservation Procedure
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Figure 4: User IP Reservation Procedure
1.
SMF determines that it requires to reserve more IP addresses for a specific UPF.

2.
The SMF requests the UPF to reserve 1 or more IP addresses for allocation by the SMF.

3.
UPF reserves requested IP addresses for the requesting SMF and responds to the SMF indicating the reserved IP addresses or IP address ranges.

2.3.2
IP Allocation with optional IP Reservation

Update to step 6 of Existing PDU establishment flow from 23.502 v 0.1.1
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Figure 5 User IP Reservation as part of PDU activation procedure
1-6. As PDU establishment flow (23.502 4.3.2.2 UE requested PDU Session Establishment)

7a.
The SMF selects an SSC mode for the PDU Session. The SMF also selects an UPF as described in TS 23.501 [2] clause 6.3.3. 
7b
In case of PDU Type IPv4 or IPv6, when IP reservation is used, and insufficient IP resources are available for the selected UPF. The SMF requests the UPF to reserve 1 or more IP addresses for allocation by the SMF.

7c.
UPF reserves requested IP addresses for the requesting SMF and responds to the SMF indicating the reserved IP addresses or IP address ranges.

7d.
In case of PDU Type IPv4 or IPv6, the SMF allocates an IP address/prefix for the PDU Session as described in TS 23.501 [2] clause 5.8.1.

8-16. As PDU establishment flow (23.502 4.3.2.2 UE requested PDU Session Establishment)

Proposal
It is proposed that the above solution be added as optional functionality into TS 23.501 and TS 23.502 to enable flexible IP allocation in 5G systems.
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Steps 8-16 of PDU establishment procedure
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