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Abstract of the contribution:

This contribution discusses the solutions for change of point of attachment for NAT based SIPTO. This contribution also discusses the impacts on UEs (both roaming and non-roaming) of deployment of NAT based solutions upon change of point of attachment.
1. Introduction:

Selected IP Traffic Offload (SIPTO) allows the operator to offload some (e.g. Internet) traffic while allowing rest of the traffic into the core network. There are 2 broad level solutions which have been studied so far in 23.829:

(1) Solutions which require multiple PDN connection

(2) Solutions which require single PDN connection per UE only
The solutions based on (1) assume that the UE will have a dedicated PDN connection for SIPTO. This dedicated PDN connection means that the UE will have a point of attachment for this PDN connection which is in local area of UEs location. 

As shown in figure 1 below, when a UE moves from one SIPTO area into another SIPTO area or from one SIPTO area into a non-SIPTO area, the point of attachment from where the packets are offloaded changes. This change in gateway also changes the public IP address to which the offloaded flow is bound. When the UE moves out of this local area, the point of attachment changes and this has to be informed to the UE (for e.g. by initiating network initiated PDN disconnection procedure).
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Solutions to change in point of attachment for 1) have been discussed in previous SA2 meeting. In this paper, we discuss the solution for change in point of attachment for 2).
The point of attachment has a confusing meaning in this case as the same PDN connection has 2 points of attachment, one at the edge of the core network for non-offloaded traffic (possibly NAT collocated with PDN GW) and another in the NAT for the offloaded traffic. 
The IP address allocated for the PDN connection is received from the PDN GW associated with non-offloaded traffic (i.e. PDN GW in the core network). When a UE moves from one SIPTO area to another, there is no need to change the PDN GW for non-offloaded traffic and hence the IP address allocated for the PDN connection can continue. However NAT associated with the offloaded traffic has changed. This means that the same PDN address is now associated with a new Public IP address in the new NAT for the offloaded traffic.
Since the registration corresponding to the internet applications is related to the public IP address pool of the old NAT, any change of attachment of NAT will mean that the UE will be unreachable for the incoming traffic after the change in point of attachment. 
It should be noted that when the point of attachment changes, the UEs IP stack (and the applications) still assume that the IP connectivity has continued. Hence the recovery mechanisms upon reassignment of IP address are not triggered. 
We can also make an assumption that the applications can send keep alive messages at short intervals to keep the registration in the servers up to date. However this causes unnecessary traffic and also causes battery drain for the UEs (as the UEs should make frequent idle to active transitions to send such keep alives). Such behaviour of applications is not recommended in wireless environments.

Therefore, we conclude that it is necessary for the applications in the UE to be aware of such change of point of attachment triggered by the network. 
In the next section we discuss available solutions for informing the UE of the change of point of attachment for NAT based traffic offloading.
2. Solutions:

1. NAT initiated PDN disconnection procedure:

When the UE moves out of the area served by the local breakout point (NAT), the NAT should trigger the PDN disconnection procedure for the PDN connections which were offloaded. When the UE receives the PDN disconnection procedure (with a specific error code), the UE will initiate re-attach for the PDN connections. This generally forces the applications in the UE to re-register with the network and update the public IP address associated with the IP flows. 

Advantages:

· The basic mechanisms for reconnecting the PDN connection in GPRS/UMTS are already present in legacy systems. This has been discussed as part of non-NAT based offloading. 
Disadvantage:

· The applications for which the IP packets are not offloaded will get disconnected when the UE moves out of NAT serving area. This will impact the user experience significantly especially if the user is active. If operator has deployed only NAT based solution, then this disadvantage also applies to UEs which are capable of multiple PDN connections.
· It is possible that an operator can deploy NAT based solution for offloading traffic belonging to UEs capable of only 1 PDN connection, and deploy multiple PDN connection solution to offload traffic belonging to UE which are capable of multiple PDN connections. This can be achieved by configuring different APNs for each service, one for NAT based offload and another for non NAT offload solutions. However, how this configuration can be informed to roaming UEs is not clear. 
2. Indication to the UE/Application for re-registration:
When the UE moves out of the service area which uses the same NAT, the UE is indicated (FFS how?) of changed NAT. The UE may then trigger re-registration of the applications. The registration will ensure that any incoming (MT) IP packet reaches appropriately while allowing for undisrupted traffic for non-offloaded traffic. 
Advantage:

· The applications which do not require SIPTO are not impacted upon change of point of attachment.

Disadvantage:

· This procedure may not work with pre-rel-10 UEs, the main focus of NAT based solutions.

· It needs to standardize an indication to signal the use of SIPTO for certain TFTs in order to allow a subset of applications using a PDN connection to use SIPTO. 

3. Conclusion:

We propose to add the section 2 be added to the Gateway reselection section for NAT based solution. This can be added to Section 5.5.X for ‘Solutions for Change in Point of Attachment’.
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