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This contribution addresses the detailed handling of dual stack IP addressing in GERAN/UTRAN accesses, including aspects related to interworking with previous releases.

Release 8 solution

It has already been agreed that a Rel-8 UE which supports dual-stack addressing shall be able to transfer both IPv4 and IPv6 payload on one PDP context whilst in the UTRAN/GERAN. This suggests that for release 8, a Dual stack PDP type should be specified which can carry both IPv4 and IPv6 payload. In this way, the handling of GERAN/UTRAN accesses would be aligned with EUTRAN. 
Since a release 8 SGSN may handle UEs from earlier releases that may use the already defined IPv4 or IPv6 only PDP contexts, it is seen beneficial to differentiate the dual stack PDP context from those already existing PDP types, because the detailed handling of dual stack PDP context differs from that of IPv4 and IPv6 PDP contexts. 
With the new dual stack PDP type defined, a release 8 UE will have three different PDP types to establish IP connectivity over GERAN/UTRAN accesses: IPv4, IPv6 and dual stack PDP type. A dual stack capable UE should use the dual stack PDP type in order to align with EUTRAN access. A single stack UE can use the existing IPv4 or IPv6 PDP types to request an IPv4 or IPv6 PDP context. 
Release 8 UE connecting to pre-release 8 network

When a release 8 UE connects to a pre-release 8 network, we can not support the dual stack PDP type. TS 24.008 section 10.5.6.4 states the following:
If bits 4,3,2,1 of octet 3 are coded 0 0 0 1
PDP type number value (octet 4)
Bits
8 7 6 5 4 3 2 1 
0 0 1 0 0 0 0 1  IPv4 address
0 1 0 1 0 1 1 1  IPv6 address
All other values shall be interpreted as IPv4 address
in this version of the protocol.
Consequently, if a release 8 UE requests a dual stack PDP context from a pre-release 8 SGSN, the newly defined PDP type value shall be interpreted as an IPv4 address, so the UE may get only an IPv4 address assigned. When this happens, the UE has the option to request another IPv6 PDP context to get an IPv6 address. This is a fallback to pre-release 8 behaviour. 

Mobility from release 8 network to pre-release 8 network

An interesting use case is when a release 8 UE has already established a dual stack bearer in EUTRAN or a dual stack PDP context in GERAN/UTRAN, and later moves to a pre-release 8 network which does not support dual stack PDP contexts. It would be too complex to separate a dual stack bearer/PDP context to a separate IPv4 and IPv6 PDP contexts as part of the handover. The problem is illustrated in Figure 1 below.
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Figure 1. Difficulty when moving from release 8 SGSN/MME to pre-release 8 SGSN in case UE has a dual stack PDP context/bearer
It has been mentioned that a pre-release 8 network may still be able to carry IPv6 payload in an IPv4 PDP context or vice versa. While this may be true in certain scenarios, it is very difficult to make sure if this is indeed the case in all deployments. It is difficult to put additional requirements to pre-release 8 networks as part of the release 8 specification work and be safe that they are indeed fulfilled. Hence it is proposed that we do not rely on this possibility.
As an alternative, it is suggested that an operator has the option to configure its release 8 nodes such that separate bearers/PDP contexts are used for IPv4 and IPv6 traffic, and in this way avoid the problem. Obviously this is less efficient in the number of bearers/PDP contexts established, but can still work as a compromise for a transitional period until all the nodes are upgraded to release 8. This is illustrated in Figure 2 below. 
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Figure 2. Using single address bearers/PDP contexts in case the VPLMN operator has not fully upgraded to release 8. 
To realize this alternative, it is proposed that a flag called Single Address Bearer Flag is added to the default bearer/PDP context establishment signalling from the MME/SGSN to the SGW and from the SGW to the PDN GW. It is configurable by the operator whether the MME/SGSN sets this flag in case a GERAN/UTRAN capable UE requests a dual stack bearer/PDP context. In case the flag is set, the PDN GW does not use dual stack addressing on a single bearer/PDP context even if dual stack is allowed in the network. Instead, for EUTRAN access it establishes two separate bearers, one for IPv4 and one for IPv6, both of which are established as part of the Attach procedure. In this case the one of them as indicated by the PDN GW is to be regarded as the default bearer. For GERAN/UTRAN accesses, the PDN GW establishes only a single  bearer with a single address. If the PDN GW establishes a single bearer for IPv4 traffic, the PDP type for the associated PDP context shall be set to IPv4; if the PDN GW establishes a single bearer for IPv6 traffic, the PDP type for the associated PDP context shall be set to IPv6. After the establishment of this first bearer, the UE has the possibility to request another PDP context for the other address. Note that the Single Address Bearer Flag is necessary only if the GTP version of S5/S8 is used, since for PMIP based S5/S8 it is not possible to hand over to a pre-release 8 SGSN which can only use a GTP based interface towards the PDN GW. 
With the mechanism described above, it is possible to control for an operator when dual stack bearers/PDP contexts are used even in the roaming case, and if the operator configures so, use single address bearers instead of dual addressing on a single bearer. In this way it is possible to avoid the case when a dual stack bearer/PDP context with two addresses would need to be handed over to a pre-release 8 node. 

Mapping between EPS bearers and PDP contexts

As it has been agreed, there is a one-to-one mapping between EPS bearers and PDP contexts during a handover. The introduction of dual stack PDP contexts and the possibility of using single address bearers does not affect this principle. The following table summarizes the mapping. 
	EUTRAN
	GERAN/UTRAN with release 8 SGSN
	GERAN/UTRAN with pre-release 8 SGSN

	EPS bearer with IPv4 address only
	PDP context with PDP type IPv4
	PDP context with PDP type IPv4

	EPS bearer with IPv6 address only
	PDP context with PDP type IPv6
	PDP context with PDP type IPv6

	EPS bearer with both IPv4 and IPv6 addresses
	PDP context with PDP type dual stack
	n/a; avoided by operator configuration


Proposal

It is proposed to agree on the following principles

· A dual stack PDP type is defined in release 8 for GERAN and UTRAN accesses
· There is a one-to-one mapping between a bearer with both IPv4 and IPv6 addresses in EUTRAN and a dual stack PDP context in a release 8 SGSN.

· There is a one-to-one mapping between a bearer with an IPv4 address only in EUTRAN and an IPv4 PDP context in GERAN/UTRAN. Similarly there is a one-to-one mapping between a bearer with an IPv6 address only in EUTRAN and an IPv6 PDP context in GERAN/UTRAN.
· Release 8 MMEs and SGSNs can be configured by the operator such that even if dual stack operation is supported, separate bearers/PDP contexts are used for IPv4 and IPv6 traffic. The configuration is performed on a per VPLMN basis. 

· Use of single address bearers is configured as follows for EUTRAN access. The Single Address Bearer flag is carried from the MME over S11 to the SGW and then over S5/S8 to the PGW during the Attach and UE requested PDN connectivity procedures. When this flag is set, the PGW establishes two separate bearers for IPv4 and IPv6 traffic when dual stack operation is supported. 
· Use of single address bearers is configured as follows for GERAN/UTRAN accesses. When the UE requests a dual stack PDP context, the Single Address Bearer flag is carried from the SGSN over S4 to the SGW and then over S5/S8 to the PGW during the PDP context activation procedure. When this flag is set, even if dual stack operation is supported the PGW establishes only a single IPv4 PDP context or a single IPv6 PDP context. The UE can request another PDP context for the other address afterwards. 
The proposed changes are implemented in CR S2-080081 for 23.401. Corresponding changes to 23.060 shall be provided at a later meeting, once the basic PDP context activation signalling in release 8 has been agreed. 
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