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1. Discussion
The following describes the design issues that are required to be considered for NBIFOM. 

Issue #1:  Simultaneous support of a PDN connection over 3GPP access and WLAN access.

In order to enable NB-_IFOM, it shall be possible for a UE to establish and maintain a PDN connection both over 3GPP  access and WLAN access simultaneously. This shall be supported both in case of S2b and S2a connectivity. while this is not supported by current specification
Analysis: Currently, 3GPP has defined mechanism for establishing PDN connections over 3GPP, over S2a and over S2b, and for handing over PDN connections between 3GPP and non-3GPP (both for S2b and S2a). At present the behaviour is:

· When establishing a PDN connection, if no indication that the signalling is for a PDN connection handover, the network will establish a new PDN connection. This would not allow such PDN connection to exist both on 3GPP and WLAN access simultaneously

· When handing over a PDN connection, the UE provides a cause indicating “handover” in order to indicate that the PDN connection is being moved from another access. This however triggers the release of the PDN connection over the previous access
Proposal 1.1:  when adding a 3GPP or non-3GPP access for an existing PDN connection, the UE provides an indication or establishment cause indicating that the establishment of the PDN connection is for NB_IFOM in order for the network to not disconnect the existing PDN connection from the other access. The PDN GW, upon receiving such indication, establishes and maintains GTP/PMIP tunnels with both the 3GPP access and the non-3GPP access (e.g. ePDG or TWAG). 
Issue#2:  Communication between the UE and the PGW to install the route rules (if needed).

For NB-IFOM, in current specification there is no direct communication support between the UE and the PGW to install the routeing rules. 

For NBIFOM, the following cases will be studied:  

· UE initiated NB-IFOM: A signalling means allowing the UE to provide the PGW with the desired mapping between IP flows and access links.The network may either accept or reject UE’s request for IP flow mobility, but does not initiate IP flow mobility itself.  

· Network initiated NB-IFOM: A signalling means allowing the PGW to provide the UE with the desired mapping between IP flows and access links. The UE may either accept or reject the network’s request for IP flow mobility (e.g. based on the suitability of the WLAN link conditions), but does not initiate IP flow mobility itself.

Analysis: the following analysis focuses on both UE initiated NB_IFOM and network initiated NB_IFOM:
· A mechanism needs to be defined to install the routing rules both over 3GPP access and over WLAN, both for S2b and S2a. This is needed in order to address the following scenarios

· routing rules installation over a single access (e.g. initial routing rules)
· routing rules installation upon loss of an access or degradation of an access (e.g. if some IP flows are routed over WLAN and it is determined that the WLAN quality is degrading fast, route rules installation over 3GPP access provides more reliability)

· installation of “null” routing rules upon adding one access: there may be scenarios where e.g. the device is connected to 3GPP and WLAN is available. In such scenarios, the operator may prefer that, instead of establishing WLAN connectivity for NB_IFOM only when NB_IFOM needs to be triggered, the device establishes a PDN connection over WLAN with “null” routing rules (i.e. no IP flows routed over WLAN). This would allow IP flows to be moved to WLAN without encountering the delay caused by the device needing to establish connectivity from scratch over WLAN (e.g. authentication, PDN connection establishment, etc.)
However, routing rules installation over a single access in most scenarios (e.g. default access) can be adopted in deployments (e.g. always exchange signalling to install routing rules over 3GPP access, unless 3GPP access disappeared as per issue #4).

· routing rules installation must be possible at any time during the life of a PDN connection in order to enable IP flow mobility

· Routing rules installation over 3GPP can be done in two ways:

· Re-using existing NAS signalling, with the introduction of new IEs (this must be signalling that can be exchanged during the lifetime of a PDN connection)

· Design new signalling. We argue that re-using existing NAS signalling is preferable in terms of impact on existing standards and implementations.
· For routing rules installation over S2a:

· Both in case of SCM and MCM, this must be possible both at PDN connection establishment and once the PDN connection is established

· In case of MCM, WLCP protocol is still being designed in stage 3, and adding/modifying WLCP signalling to install routing rules would be an easy effort. Moreover, using WLCP signalling over S2a for MCM would mirror the use of NAS signalling over 3GPP for the installation of routing rules.
· In case of SCM, the only signalling available once a PDN connection is established is EAP signalling. It is possible to provide additional attributes exchanged once the PDN connection is established, however such signalling would require the routing rules attribute to be exchanged via the AAA authenticator before being delivered between the UE and the TWAG. If this is not considered an inefficient approach, then EAP signalling can be extended to carry routing rules.
· For routing rules installation over S2b: in order to exchange routing rules between the UE and the ePDG, IKEv2 signalling can be used to carry the routing rules.
· In general, it would be preferable to adopt a symmetrical mechanism (if one can be found) to install routing rules for S2b and S2a, in order to simplify the standardization effort and the implementation effort. This is in particular true for S2b and S2a SCM, since no protocol like WLCP is applicable in such cases.

The following analysis focuses on UE initiated NB_IFOM:

· For routing rules installation over 3GPP, we argue that re-using UE initiated bearer modification signalling allows re-using existing NAS signalling with appropriate modifications (e.g. new or modified IEs). The details of this can be left to stage 3.
Proposal for solution principles: 
2.1 Route rules installation is possible at any time during the life of a PDN connection in order to enable IP flow mobility
2.2 Route rules installation is possible over 3GPP access, S2a and S2b, even if one of the accesses is selected as a default in a deployment for signalling for routing rules installation 
2.3 The UE decides where to send the signalling to install the routing rules based on operator configuration and preferences, and based on real-time conditions (e.g. quality of connectivity).
2.4 Installation of “null” routing rules over one access shall be possible
2.5 Route rules installation over 3GPP access takes place through NAS signalling
2.6 Route rules installation over S2a must be possible both for SCM and MCM {conclusion is for the time being postponed pending further discussion}
2.7 Route rules installation over S2a and S2b must be possible both upon PDN connection establishment and after the PDN connection has been established
2.8 Routing rules installation over S2a MCM is based on WLCP extensions
2.9 Routing rules installation over S2a SCM is based on EAP signalling
2.10 Routing rules installation over S2b is based on IKEv2 signalling
2.11 Routing rules installation over 3GPP is based on bearer modification signalling

2.12 Routing rules installation shall allow installation of “null” rules. This enables an access to be added for a PDN connection without the need to immediately move any IP flows to the new access.
Issue # 4: Loss of WLAN  access

For a UE with active flows on both WLAN access and 3GPP access, if the WLAN coverage is lost, a mechanism is needed to move the Service data Flows back to 3GPP access in order to minimise service disruption.
Analysis: first of all, we argue that loss of 3GPP access must be considered also (e.g. UE entering an indoors area where Wi-Fi coverage is bountiful but cellular coverage gets lost). In order to handle these scenarios, a mechanism to enable routing rules installation on the “remaining” access is required. This relates to the analysis of issue #2, and the proposed principles captured for issue #2 address issue #4.
Proposal: 
4.1  adopt the principles for issue #2
Issue#5: NB-IFOM Capability discovery

It shall be possible for the UE and the network to discover whether the network and the UE respectively support NB-IFOM

Analysis: 

· Discovery of network support for NB_IFOM requires discovery of PDN GW support for NB_IFOM

· Note: support of discovery of NB_IFOM in MME may be required is specific 3GPP signalling is modified to support route rules installation and additional NB_IFOM specific procedures. This is FFS

· discovery of support of NB_IFOM by the PDN GW must be on a per PDN basis, since it depends on the capabilities of the PDN GW supporting the PDN connectivity to a specific APN. E.g., for the same APN there may be NB_IFOM support when the PDN GW is in the HPLMN but not when it is in the VPLMN. 
· In order to enable the entity performing NB_IFOM decisions to know whether NB_IFOM is supported when IP traffic is initiated, the discovery must happen upon PDN connection establishment

· NB_IFOM is a feature that must be supported in at least the UE and the PDN GW. In IFOM, PCO was extended to enable the UE and PDN GW to discover the mutual support of IFOM. PCO can further be extended to enable the discovery of NB_IFOM

· We argue that defining a new extension is preferable to re-using the extension already in place for IFOM, in order not to confuse the semantic of the PCO 

· Note: if discovery of NB_IFOM support needs to take place upon PDN connection establishment over S2b, exchange of PCO must be enabled in IKE signalling (similarly to the introduction of the attribute necessary to discover the P-CSCF address over S2b). This would require modifications to IKE signalling (similarly to the modifications that were introduced for the P-CSCF address) and would require IETF work.
· Discovery of network support for NB_IFOM requires discovery of MME support for NB_IFOM:

· when adding a 3GPP access for an existing PDN connection that is routed over WLAN, it is necessary to ensure that the PDN connection is not handed over to 3GPP (since the device may just want to move some IP flows to 3GPP and not the whole PDN connection). In order to achieve this, the MME needs to be informed that the establishment cause for the PDN connection is not an initial PDN connection establishment nor an handover of the PDN connection. This requires modifications to the MME. 

· If routing rules installation over 3GPP needs to be supported, then the MME may need to be modified to handle new or modified IEs in NAS messages
· Several mechanisms can be used to discover MME support for NB_IFOM, e.g.: 
·  If all the NB_IFOM signalling is performed on LTE, unless the MME can process it the UE does not use NB_IFOM (implicit discovery of MME support of NB_IFOM). Note that the solution may not work if the UE first establishes the PDN connection(s) over WLAN, then attempts to add a 3GPP access. 
· use the PCO + GTP indication: the PDN GW indicates in the PCO to the UE that NB_IFOM is supported only if the PDN GW supports it and if the PDN GW receives an indication from the MME that it support NB_IFOM, without requiring changes to NAS signaling. 
· have an explicit indication from UE to MME to verify NB_IFOM support by the MME
· for sake of simplicity, for rel. 13 we could assume that in non-roaming scenarios support of NB_IFOM by the PDN GW implies support of NB_IFOM by the MME. However, such assumption cannot be made for roaming scenarios.
Proposal: 

5.1 Enable discovery of NB_IFOM support on a per-PDN basis

5. 2 Enable discovery of NB_IFOM support upon PDN connection establishment

5.3 UE and PDN GW NB_IFOM support is discovered through exchange of PCO, with PCO extended to indicate support of NB_IFOM.

5.4 Enable discovery of MME support for NB-IFOM
2. Proposal

We propose to adopt the design principles described in the proposals above.
START OF CHANGE

6.X
High level design principles

The following design principles apply to NB_IFOM:

1. Route rules installation is possible at any time during the life of a PDN connection in order to enable IP flow mobility

2. Both 3GPP access, S2a, and S2b enable routing rules installation. 
3. One of the accesses may be selected as a default in a deployment for signalling for routing rules installation 

4. The UE can add an access for a PDN connection even if traffic is not immediately routed over the added access.

5. Discovery of NB_IFOM support in UE and PDN GW is on a per-PDN basis

6. Discovery of NB_IFOM support in UE and PDN GW happens at PDN connection establishment

7. UE and PDN GW NB_IFOM support is discovered through exchange of PCO, with PCO extended to indicate support of NB_IFOM
END OF CHANGE
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