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Discussion

In SA2#64, it has been agreed to support multiple PDN connections to the same APN.  See documents S2-083169 (NSN, Ericsson) . Also for some other motivations, unrelated to S2-083169, please also see  S2-081363 (Ericsson). 
The issue is how to support the same feature on S5/S8 interface. Since this feature is something that has UE impacts, eg. if PMIP does not support this feature then in a GTP based system a UE will be able to setup multiple PDN connections to the same APN, but in a PMIP based system, it will not be able to do the same.

First let us consider the motivation for multiple PDN connections to the same APN:
1. Supporting separate IPv4 and IPv6 bearers:  This is due to limitation on the pre-Rel-8 2G/3G side where a combined IPv4/IPb6 PDP type is not supported. Hence, multiple PDN-connection to the same APN are created such that on one PDN-connection only IPv6 address is supported and on the other PDN-connection only IPv4 address is supported, if the UE needs both address types. Please note that modifications to the PDP-Context on Rel-8 SGSNs is in progress which would make this use-case less frequent, other than for HO to pre-Rel-8 SGSN.
2. Supporting multiple IPv4 addresses by the UE: This is captured in S2-081363 (Ericsson) to use the UE like a DSL-modem router that sits in the house with multiple-devices, eg laptops sitting behind the UE. The need is seen not to support NAT on the UE and allow for multiple IPv4 addresses and IPv6 HNPs to be provided to the UE. Also, these addresses and devices can join and leave independently at different times.
Some of the key requirements from these scenarios are:

1. PDN Connection should be able to support only one type of address (IPv4 or IPv6).

2. Though the mobility of PDN connections is synchronized, the state (on/off) PDN-connections to the same APN may be dynamic and independent of each other. That is PDN-Conn-1 may be created which requests IPv6 only address and deleted independently of PDN-Conn-2 which is an IPv4 address type only. 

In PMIP there are two approach to handling multiple PDN-Connections, or multiple HNPs to the same APN, as shown in the figure below

[image: image1]
One PMIP tunnel per PDN-Connection:  The first approach, fairly straight forward. Whenever a new default bearer is created (Attach and UE requested connection to PDN), the S-GW creates a PMIP tunnel to the P-GW.  In the PBU, the S-GW will put Handoff-indicator value to 1, (Attachment over new interface), HNP = 0::0 and/or IPv4-addr = 0.0.0.0 (depending on IPv4 or IPv6) address is being used, and APN = APN-1. The LMA on receiving this will assign a new IPv6 HNP or IPv4 address and in PBA and create a new BCE for the UE. 

One PMIP tunnel per APN (including multiple PDN-connection): Based on private communications with one of the authors of PMIPv6 draft, the draft is being expanded to support multiple HNPs per BCE. The idea is:
· PBU/PBA will allow or more of the home network prefix options

· LMA can allocate one or more prefixes for a given interface of a mobile node

· All the prefixes assigned to a given interface of a mobile node are under one PMIP session (BCE). 

· Either the LL-ID or one of the HNPs of the mobility context sent by the MAG can be used by the LMA to identify the BCE 

· If PBU is sent with LL-ID only and HNP=0::0, the PBA includes all the HNP allocated to LL-ID in PBA to MAG.
In this case, when a UE performs “UE connectivity to PDN”, the S-GW will see that the UE already has connectivity to the APN and will provide the same LL-ID as used when creating the first PDN connection (default bearer-ID-1) and APN value along with HI=1 (attachment over a new interface). The logic in the LMA to determine that a BCE already exists for this MN-ID for the APN, could be based MN-ID+LL-ID (LL-ID value being the same as in PBU to setup first APN, base PMIPv6 draft) or MN-ID+APN  (APN extensions to PMIP draft). 

While the second approavh makes the update of BCE easy under HOs (only one PBU pre APN), there are a few issues here:

1. The issue of whether multiple IPv4 addresses can be allocated to the same LL-ID and be part of the same BCE in LMA is open and not clear.

2. Dynamic addition and deletions of HNPs or IPv4 addresses will probably not be supported. There is only a single PMIP tunnel between the MAG and LMA. Sending a PBU with one of the HNP-1, and lifetime=0, it becomes unclear tunnel needs to be torn down or only one of the HNPs is being deregistered. 

Given the above, it is easier and more straight forward to implement the one-tunnel per PDN-connection approach. The additional overhead during HO of multiple PBU/PBA to move the different PDN-connections is there, but this also corresponds to the case of multiple PDN connections to different APNs.
Identifying the BCE in the LMA for the one-tunnel per-PDN connection approach: Since the MN-ID and APN are the same for the two BCEs in the LMA, how to differentiate between the two in the LMA when MAG sends PBU.  There are two approaches here:

1. Use of decorated APN: The idea is that the MAG “decorates” the APN, say “Connection=2!APN-1”, such that the P-GW knows that the connectivity to APN-1, but this is different from the first PDN connection, which could be setup by MAG by simply putting APN = APN-1. In all PBUs for the first PDN, the MAG puts APN= APN-1 and for the second one the MAG puts APN = Connection=2!APN-1. The P-GW uses the full APN string to search for the BCE, but removes the “decoration” when providing IP address and doing other functions such as determining APN restrictions
2. Use of LL-ID based on default bearer-id: In S2-08xxxx, is a proposal that default bearer-ID is used  as LL-ID in PBU/PBA. If this is supported then the LMA can use the base PMIPv6 draft logic and find the BCE based just on the LL-ID. The use of LL-ID to search for BCE in LMA works also with APN extensions. The APN criteria is use only if no unique BCE is discovered based on MN-ID+LL-ID. In this case multiple BCEs can share the same APN.  

A few issues with the use of decorated APNs are:

1. This requires  new functionality of decorating APNs and logic in the LMA to process these “decorated APNs”  just for this corner case. The formatting and use of the decoration will have to be specified not just in 3GPP but also in IETF, since the support of APN in PMIP will, anyway, need to be specified in IETF. This functionality is also not really needed, if the existing mechanism of using LL-ID field is used. Using LL-ID field to lookup BCE is already specified in IETF. Note that such a decoration is not needed in the GTP case, since for GTP default bearer-id is provided along with APN in the messages between the S-GW and P-GW
Based on the above we do not see the need for using decorated APNs. The use of default-bearer-ID as LL-ID, (which has other advantages also as presented in S2-08xxxx) should be the way forward for PMIP S5/S8.
Proposal

· Multiple PMIPv6 tunnels per PDN-connections, even to the same APN.
· Use of the default-bearer-identity as the LL-ID field to also solve the problem of searching BCE in LMA.

Both of the above are included in the CR S2-08xxxx.
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