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Introduction

We propose to add a description of the 3GPP baseline model for IPv4 and IPv6 co-existence to TR 23.975 v. 0.2.0; “IPv6 Migration Guidelines”. This description explains to a non-SA2 audience the way that dual-stack connectivity is supported by the 3GPP release 8 and release 9 specifications. Dual-stack connectivity will be needed in a phased transition towards IPv6, where legacy IPv4 applications and IPv4 end hosts need to be supported whilst new applications and end-hosts will begin to utilise IPv6.

The baseline model for dual-stack connectivity covers many initial scenarios of IPv4 and IPv6 coexistence. The usage of dual-stack connectivity inherently offloads a part of the traffic from IPv4 to IPv6 as applications start to transition to IPv6. In order to solve problems with IPv4 address depletion, the dual-stack model needs to be complemented by supporting the usage of private IPv4 addresses. 

4
Baseline Architecture for IPv4 and IPv6 Co-existence
This section describes how dual-stack connectivity has been specified for the EPS and GPRS networks.

The release 8 3GPP EPS architecture supports and optimises the co-existence of IPv4 and IPv6 with dual-stack operation. Dual-stack operation means that native IPv4 and native IPv6 packets are transported in parallel by tunnelling them from the UE to the PDN GW within a single EPS bearer/PDP context. This dual-stack EPS bearer/PDP context is associated with both an IPv4 address and an IPv6 prefix. 

In comparison, dual stack connectivity to a given PDN in the pre-release 9 GPRS network (with Gn/Gp SGSN and/or GGSN elements) requires the activation of two parallel PDP contexts, one for IPv4 traffic and one for IPv6 traffic. It should be noted that these parallel PDP contexts enable the same dual-stack connectivity for an application as the dual-stack EPS Bearers/PDP Contexts in the release 8 EPS. 
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Figure 4.x1: EPS Non-roaming architecture for 3GPP accesses in release 8 

Figure 4.x.1 depicts the release 8 3GPP reference architecture for EPS according to [9]. Upon request from the UE, the MME and S4-SGSN can activate a dual-stack EPS bearer/PDP context, which is identified in signalling by the PDN/PDP type ‘v4v6’. A dual-stack EPS bearer tunnels IPv4 and IPv6 traffic in parallel from the UE to PDN GW.
In order to support dual-stack connectivity where possible, it has been specified in the release 8 EPS specifications [9], [11], that if a release 8 UE/MS supports both IPv4 and IPv6, the UE/MS shall always start off by requesting for a dual-stack (PDN/PDP type v4v6) bearer. It is also assumed that the UE/MS has no knowledge of the IPv4 and/or IPv6 capabilities of a given PDN. Neither does the UE/MS have any awareness of whether dual-stack bearers/contexts are supported by the network to which it is attaching. 

In release 8, the EPS control plane elements (MME, S4-SGSN) and user plane elements (SGW, PGW) are all able to identify and handle requests to activate a dual-stack bearer/context, and to enforce the type of bearers/contexts that are allocated to the UE/MS.  The network may downgrade the request for the PDN/PDP type v4v6 if a given PDN supports/allows only one of the address types (i.e IPv4 or IPv6) as configured in the HSS. This limitation may stem from an operator policy. Another reason for downgrading may be that there are Gn/Gp SGSNs in the operator’s network that have not been upgraded to support the PDP type ‘v4v6’. The outcome of a PDN/PDP Type request  depends on HSS provided  subscription data, PGW configuration and home (and possibly visited) network core configuration. Any of these factors may downgrade the request to a single address type.  
The EPS interworking architecture for Gn/Gp SGSNs is shown in Figure 4.x2.a
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Figure 4.x2: EPS Non-roaming Architecture for interoperation with Gn/Gp SGSNs in rel.8 

Dual stack PDP context support for the GPRS core network (GGSN, Gn/Gp SGSN) is specified in release 9.  To use this functionality a MS need to support release 8 or higher (same as S4-SGSN access in EPS) in order to successfully request a PDP type ‘v4v6’ connection in UTRAN/GERAN. A pre-release 9 Gn/Gp SGSN handles PDP type ‘v4v6’ as an ‘unknown’ PDP type, meaning that it handles a request for the PDP type ‘v4v6’ as if it were a request for the PDP type ‘v4’. 

NOTE1: The 3GPP specification 24.008 is not entirely unambiguous on the treatment of unknown PDP types. Even if the information element coding for “PDP type” specifies that a request for an “unknown PDP type” shall be treated as if it were a request for PDP type v4, the error signalling elsewhere in the specification include the possibility to signal an error code “unknown PDP address or PDP type”. 

In order to support inter-RAT mobility to/from a pre-release 9 Gn/Gp SGSN, parallel v4 and v6 bearers/PDP contexts to a given PDN must to be used instead of dual-stack contexts.

The request to activate two parallel single stack bearers/PDP contexts is always initiated by the UE/MS. If the release 8 network assigns a single-stack bearer to the UE/MS in response to a request for a dual-stack bearer, the network also signals to the UE/MS an indication on whether parallel single stack bearers are allowed to the same PDN or not. If the UE/MS fails to activate a dual-stack bearer/context, and it receives a single-stack IPv4 or IPv6 bearer/context, it shall attempt to activate a parallel single-stack bearer/context for the other IP address type to the same PDN, unless the UE has received an explicit indication from the network that parallel single stack bearers/contexts are not allowed.

In GPRS core networks, dual-stack connectivity is also possible with a pre-release 9 GGSN and SGSN. These network elements do not support dual-stack PDP contexts, but dual-stack usage may be possible by activating a parallel IPv4 PDP context and IPv6 PDP context to the same PDN. In order to establish dual-stack connectivity in this case, a dual-stack UE shall attempt to open parallel single-stack v4/v6 PDP contexts to the same PDN even without receiving an explicit indication on support for parallel single stack bearers to the same PDN. 

For end-hosts, the activation and mobility of dual-stack bearers/contexts is simpler in comparison to handling of parallel IPv4 and IPv6 bearers/contexts. The usage of dual stack bearers/contexts also simplifies the handling of parallel IPv4 and IPv6 traffic within the network after early EPS deployment phase when SGSNs are upgraded to support the PDP type ‘v4v6’.
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