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Abstract of the contribution: This paper proposes one solution for UE IP address management. It proposes to allocate the UE IP address management function to the control plane function of the PGW.
Discussion

The UE IP address management requires support for the DHCPv4 client, DHCPv6 client, RADIUS client, Diameter client, DHCPv4 server, DHCPv6 server and IPv6 SLAAC protocol (ref: 3GPP TS 23.401 sec. 5.3.1.2). Since all these functions require state maintenance and support for the complex FSM of the corresponding protocol, it is proposed to allocate these functions to the control plane function of the PGW.
Additionally, keeping the UE IP address management with the control plane function also helps seamless restoration and recovery, i.e. without changing the IP address of the UE, of the user plane session in case of the restart or failure of the user plane function.

Proposal

It is proposed to agree to the following changes to TR 23.714.

* * * 1st Change * * * *

6.1.1.X
Considerations for UE IP address management
6.1.1.X.1
Description 

This section describes solutions for item B in the table 6.1.1-2, i.e. solutions for whether UE IP address management is performed in the user plane or control plane function. 

6.1.1.X.2
Solution 1: UE IP address management performed by the control plane function 

6.1.1.X.2.1
Description 

In this solution the management of the UE IP address is performed by the control plane function. The UE IP address management consist of two parts: acquiring of the IP address and other IP configuration parameters; providing the IP address and other IP configuration parameters to the UE.

6.1.1.X.2.1.1
Acquiring the IP address and other IP configuration parameters for the UE 

The IP address and other IP configuration parameters (e.g. DNS server address) can be acquired from the local pool or from the external PDN.
From the local pool: 
It is proposed to configure the IP local pool and other IP configuration parameters (e.g. DNS server address) at the control plane function of the PGW for the following reasons:

· There can be many user plane functions as compared to the control plane function. Hence, to configure the IP pool at the user plane functions, the overall IP pool needs to be divided into many small IP pools. This may result in fragmentation of the IP pool.

· The user plane functions can also be dynamically added or removed to meet the throughput requirement of the network. Hence, configuring the IP local pool at user plane function would require complex management in terms of frequent dividing or combining of the IP pools.
· IP address allocation to the UE could be done based on operator specific policy, e.g. considering the subscriber’s identity, its location etc. Putting all these functionalities in user plane function would complicate its implementation.
From the external PDN: 
From the external PDN, the IP address and other IP configuration parameters (e.g. DNS server address) can be acquired using the DHCPv4, DHCPv6, RADIUS or Diameter protocols. The PGW has to support DHCPv4 client, DHCPv6 client, RADIUS client and Diameter client in order to obtain, renew and release the IP address from the external PDN (ref: 3GPP TS 23.401[x] clause 5.3.1.2). All these functions require state maintenance and support for the complex FSM of the corresponding protocol. And hence it is proposed to allocate these functions to the control plane function of the PGW.
In summary, it is proposed to allocate the “acquiring of the UE IP address” function to the control plane function of the PGW.
6.1.1.X.2.1.2
Providing the IP address and other IP configuration parameters to the UE 

The IP address and other IP configuration parameters (e.g. DNS server address) can be provided to the UE during the default bearer establishment procedure or later via the data plane procedure.

During default bearer establishment procedure: 

As part of the default bearer establishment procedure, the PGW provides the allocated IP address and other IP configuration parameters (e.g. DNS server address) to the MME (via SGW) as part of the Create Session Response message. Later, the MME provides the same to the UE via NAS messaging. Since Create Session Request message is sent over the S5 interface which is terminated at the control plane function of PGW, it is proposed to allocate this function to the control plane of the PGW.
Later, via data plane procedure:

The UE can request IP address and other IP configuration parameters (e.g. DNS server address) via data plane using DHCPv4, DHCPv6 or IPv6 SLAAC protocols. The PGW has to support DHCPv4 server, DHCPv6 server and IPv6 SLAAC procedure towards the UE (ref: 3GPP TS 23.401[x] clause 5.3.1.2) in order to provide, renew and release the IP address. The PGW also has to support the “Delegating Router” functionality in order to support the “IPv6 prefix delegation via DHCPv6” feature (ref: 3GPP TS 23.401[x] clause 5.3.1.2.6). All these functions require state maintenance and support for the complex FSM of the corresponding protocol. And hence it is proposed to allocate these functions to the control plane function of the PGW.
In summary, it is proposed to allocate the “providing the IP address to the UE” function to the control plane function of the PGW.
6.1.1.X.2.1.3
Recovery and restoration
Since the UE’s IP address management function is allocated to the control plane function of the PGW, the restart or failure of the user plane function of the PGW may not impact the PDN connection of the UE, e.g. the control plane function can restore the UE’s PDN session, without changing its IP address, to another user plane function. Thus, it is possible to achieve seamless recovery of the user plane function by allocating the UE’s IP address management function to the control plane function.
6.1.1.X.2.2.4
Other considerations 

The UE IP address allocation and management is proposed to be performed by the control plane function. However, for ensuring that the UE’s downlink IP packets are routed to the correct user plane function directly, it is necessary to update the upstream router, e.g. using BGP or OSPF, for the UE’s allocated IP address. Since this functionality is not explicitly defined in the PGW in the current 3GPP TS 23.401, e.g. it can be performed by another entity on behalf of the PGW, there is no need to explicitly allocate this function to either control or user plane function of the PGW.
6.1.1.X.2.2
Functionality needed from the user plane function 

Following functionality from the user plane function is required to support the UE IP address management function in the control plane function of the PGW:

· Forwarding of the DHCPv4 and DHCPv6 messages from the UE to the control plane function

· Forwarding of the IPv6 Router advertisement, Router solicitation, Neighbour Advertisement, Neighbour Solicitation (ref: RFC 4861) messages from the UE to the control plane function
At the start of the PDN connection, the control plane function may configure the user plane function to forward all the messages (i.e. data packets received from the UE) corresponding to the above listed protocols, as depicted in the figure below.
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Figure 6.1.1.X.2.2-1 Configuring of data packet forwarding in User plane function
* * * End of changes * * * *
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