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1. Discussion 

void
2. Proposal

To add following NEW text in the TR 23.861 Annex that will temporarily host text intended for the new TS about NBIFOM.

5
NBIFOM High level functions 
5.1
NBIFOM capability discovery/negotiation 

During initial PDN connection establishment over the first access (or in the corresponding EAP-AKA’ signalling in S2a/SCM case), the UE includes a NBIFOM request. The intermediate nodes (e.g. MME, SGSN, TWAG, ePDG, etc..) indicate to the PDN GW whether they support NBIFOM in the corresponding Create Session Request. When PCC is deployed, the PDN GW communicates to the PCRF whether the UE and network support NBIFOM. The PCRF then takes the decision on whether NBIFOM may apply to a PDN connection and communicates this decision to the PDN GW. If the network (i.e. all the EPC elements in the signalling chain from UE to PDN GW) supports NBIFOM and is willing to accept NBIFOM for this PDN connection, the PDN GW confirms the NBIFOM support in a “NBIFOM accepted” indication sent back to the UE in the PDN connection establishment accept message (or in the corresponding EAP-AKA’ signalling in S2a/SCM case). 

NOTE: 
It is assumed that intermediate nodes (e.g. MME, SGSN, TWAG, ePDG, etc.) do not need to know whether NBIFOM finally applies to the PDN connection.
During PDN connection establishment over an access, the UE may provide to the network a Handover Indication and a NBIFOM indication (in the PCO in case of 3GPP access or TWAN access)   in order to request that the PDN connection is to be used for NBIFOM: in this case the PDN connection establishment corresponds to the addition of an access to an already established PDN connection
NOTE 1: In case a Handover Indication and no NBIFOM indication in the PCO are provided by the UE the PDN connection is handed over to the new access per the procedures described in TS 23.402 [2]

NOTE 2: In case No Handover Indication is provided by the UE, the PDN connection establishment corresponds to the set-up of a new PDN connection per the procedures described in TS 23.402 [2]

When NBIFOM is not supported by an intermediate node (e.g. MME/SGSN, SGW, TWAG or ePDG) while the UE requests to add an additional access to a PDN connection, the network should reject the PDN connectivity request with the appropriate cause value to indicate the failure of adding an additional access for NBIFOM. However, the previously established PDN connection shall be maintained on the first access.
When the UE has multiple PDN connections established towards the same APN, if the UE request that one of these PDN connections is to be used for NBIFOM has been accepted by the network, then the UE shall request that each of these PDN connections is to be used for NBIFOM.

NOTE 3: This rule is similar to the rule documented in § 4.12 TS 23.402 [2] about the Hand-Over of a PDN connection belonging to a set of PDN connections towards the same APN (“Multiple PDN connections for a given APN and UE can be supported with the restrictions that all PDN connections for a given APN and UE shall use the same access network and shall all be moved to a new access network during handovers”).
The UE sends also to the network the NBIFOM mode it has selected (as described in § 5.4) as part of the initial PDN connection establishment over the first access.
5.2 Routing rules 

A Routing Rule contains the following parameters:

-
Routing Filter

-
Routing Access Information 
-
Routing Rule Priority

- 
Routing Rule identifier

A Routing Filter consists of IP header parameter values/ranges used to identify one or more IP flows as defined in clause 3.1.

The Routing Access Information identifies the access type where the IP flow shall be routed. 
For the purpose of matching user traffic against routing rules, the filters are applied in the order of the Routing Rule Priority.

The Routing Rule identifier uniquely identifies a Routing Rule for one PDN Connection. The Routing Rule identifier is allocated by the entity creating the routing rule, i.e. by the UE in UE-initiated NBIFOM mode and by the PDN GW in Network-initiated NBIFOM mode. 

When NBIFOM applies to a PDN Connection, between UE and the PDN GW there is always a default access via which packets not matching any specific routing filter (of any Routing Rule) are routed. The UE and the network determine as follows the default access for a PDN Connection during the procedure of addition of one access to a PDN connection:
· In UE-initiated NBIFOM mode, the UE proposes a default access to the network. The network may reject this proposal if it does not comply with the subscription
· In Network-initiated NBIFOM mode, the network decides the default access and indicates it to the UE.
Editor’s Note: Whether the default access corresponds to an explicit parameter or to a default Routing Rule is FFS
The default access for a PDN Connection only applies when it is active over both 3GPP and Non-3GPP access networks. When the connectivity over one access is not active, the UE and the network shall ignore the default access.
The PCRF may learn about the accesses that support a PDN connection via event triggers it sets on the PDN GW
5.3 Delivery of routing rules 

Routing rules are exchanged between the UE and the PDN GW via control plane signalling. 
In case of 3GPP access, MCM/S2a and S2b, a Routing Rule is sent on the destination access as indicated by the Routing Access information in the Routing Rule. In case of SCM/S2a, Routing Rules are only sent on the 3GPP access.
For the UE-initiated NBIFOM procedure, the routing rules are provided from the UE to the network as follows: 
- 
For untrusted Non 3GPP access, via IKEv2 procedure from the UE to the ePDG:
- 
For 3GPP access, via 3GPP NAS signalling from the UE to the MME/SGSN and then over GTP-c to S-GW

-  
For trusted WLAN access in MCM mode, via WLCP procedure from the UE to the TWAG 
And then:

· via GTP-c signalling from the TWAG (MCM) / ePDG / SGW to the PDN GW;

- 
via Gx procedure from the PDN GW to the PCRF.


The UE does not apply new routing rules until the PDN GW has acknowledged them.
For the network-initiated NBIFOM procedure, the PCRF makes the decision on when and what flows should be moved to which access. The PCRF learns about the multiple accesses supporting a PDN connection via event triggers from the PDN GW.

-
The PCRF triggers an update of routing rules by sending PCC rules to the PDN GW via an IP-CAN Session Modification procedure. The PDN GW builds Routing Rules corresponding to PCC rules received from the PCRF. The PDN GW does not apply the new routing rules until the UE has acknowledged them..

- 
The routing rules are sent by the PDN GW to S-GW / TWAG (for MCM mode) / ePDG via GTP-c signalling;
-
The routing rules are then relayed:
· from SGW to the MME/SGSN via GTP-C and further to the UE via the 3GPP access specific signalling (i.e. NAS) defined in TS 23.401 [4].

· from ePDG to the UE via IKE signalling over SWu.
· from TWAG to the UE via WLCP signalling over trusted TWAN defined in TS 23.402 [2] clause 16..

If updated routing rules result in that no IP flow is left for a particular access, the PDN GW should not release the PDN connection for that particular access unless the PDN connection is explicitly torn down by the UE or by the network as described in clause 6.5. 
5.4
NBIFOM Modes of Operation 

5.4.1
General 

A multi-access PDN connection can operate either in UE-initiated NBIFOM mode or in Network-initiated NBIFOM mode. This NBIFOM mode is selected when the PDN connection is established and remains the same as long as the PDN connection is active. The following clauses specify (a) what the functional characteristics of each mode are and (b) how the operation mode is selected.

5.4.2
UE-Initiated NBIFOM Mode 

In the UE-initiated NBIFOM mode only the UE controls the traffic routing within the multi-access PDN connection by applying its ANDSF for IFOM rules and/or the user-configured routing rules.

NOTE:
If the UE has valid ANDSF rules for NSWO, for IARP and/or MAPCON, then the UE can also control traffic routing outside the multi-access PDN connection.

The UE can request to move selected IP flows from an old access to a new access within the PDN connection by sending one or more routing rules to the network. These routing rules specify the selected IP flows and the new access.

The network may reject IP flow mobility requests from UE due to subscription (or quota) limitations. When the network rejects an IP flow mobility request, the network shall provide to UE a certain cause value indicating why the request was rejected. This cause value may be used by UE to determine when/if this IP flow mobility operation can be requested again.
The network cannot request IP flow mobility. The IP flow mobility procedures used in UE-initiated NBIFOM mode are described in section 6.

5.4.3
Network-initiated NBIFOM mode 

In the Network-initiated NBIFOM mode, the network controls the traffic routing within the multi-access PDN connection.

NOTE:
However, if the UE has valid ANDSF rules for NSWO, for IARP and/or MAPCON, then the UE can still control traffic routing outside the multi-access PDN connection.

In case the UE wants to request a mapping of IP flows to access type the UE provides the requested mapping from IP flows to access types to the NW. This is however not considered a routing rule provision. The network then provides new or updated routing rules to the UE based on the request received from the UE, unless the request is against what is allowed by the subscription. 

The network can request to move selected IP flows from an old access to a new access within the multi-access PDN connection by sending one or more routing rules to the UE. These routing rules specify the selected IP flows and the new access.

The UE may reject (e.g. due to Local Operating Environment information) an IP flow mobility request from the network. When the UE rejects an IP flow mobility request from the network, the UE shall provide a cause value indicating why the request was rejected. This cause value may be used by the network to determine when/if this IP flow mobility operation can be requested again.

The UE cannot request IP flow mobility. However, the UE can indicate to the network when an access of a multi-access PDN connection can or cannot be used for traffic routing. For example:

-
When the UE looses the WLAN signal and the UE has active IP flows over WLAN, then the UE indicates to the network that WLAN cannot be used for traffic routing. This triggers the network to stop sending downlink traffic for these IP flows over WLAN access and provide updated routing rules to the UE. The UE and the network re-route one or more of these IP flows to 3GPP access, if the existing routing rules do not prevent them from using 3GPP access.

-
When the UE recovers the WLAN signal and the existing routing rules in the UE require some active IP flows to be routed over WLAN, the UE indicates to the network that WLAN can again be used for traffic routing within the PDN connection. The network provides updated routing rules to the UE for the IP flows that are moved to WLAN access. The UE and the network re-route these active IP flows to WLAN access.

-
The UE uses its local operating environment (as defined in TS 23.261) to decide when the above indications should be sent to the network.

If the UE uses RAN rules, i.e. if the UE receives RAN Assistance information to determine when traffic should be routed to WLAN or to 3GPP access, then:

-
When the UE receives NBIFOM capability indication during addition of one access to a PDN connection procedure, the UE shall ignore the WLAN offloadability indication sent from the MME/SGSN. 

-
When RAN rules in the UE indicate that traffic should be moved to 3GPP access, the UE indicates to the network that the WLAN access cannot be used for traffic routing.

-
When RAN rules in the UE indicate that traffic should be moved to WLAN access, the UE indicates to the network that the WLAN can be used for traffic routing.

-
When RAN rules in the UE do not provide an offload preference (i.e. do not indicate to move traffic to 3GPP or to WLAN), traffic routing within the PDN connection is performed based on the routing rules provided by the network.

Editor’s Note: Further work may be needed on the relationship between RAN rules and NBIFOM.
5.4.4
Mode Selection 

1. When an NBIFOM-capable UE has both ANDSF rules and RAN rules, and the UE requests a multi-access PDN connection, the operation mode of this PDN connection is selected based on following mechanism: .
-
When the UE is not roaming or the UE is roaming in a VPLMN not contained in the list of “VPLMNs with preferred WLAN Selection Rules”: 
- 
if the UE has a valid ISRP rule from the HPLMN, the operation mode of this PDN connection is selected based on Figure 5.4.4-1, starting from point A. Otherwise the operation mode of this PDN connection is selected based on Figure 5.4.4-1, starting from point B.

- 
When the UE is roaming in a VPLMN contained in the list of “VPLMNs with preferred WLAN Selection Rules”:

-
if the UE has a valid ISRP rule from the VPLMN, the operation mode of this PDN connection is selected based on Figure 5.4.4-1, starting from point A. Otherwise the operation mode of this PDN connection is selected based on Figure 5.4.4-1, starting from point B.
2.
When an NBIFOM-capable UE has only ANDSF rules, and the UE requests a multi-access PDN connection, the operation mode of this PDN connection is selected based on Figure 5.4.4-1, starting from point A.

3.
When an NBIFOM-capable UE has only RAN rules, and the UE requests a multi-access PDN connection, the operation mode of this PDN connection is selected based on Figure 5.4.4-1, starting from point B.

4.
When an NBIFOM-capable UE has neither ANDSF rules nor RAN rules, and the UE requests a multi-access PDN connection, the operation mode of this PDN connection is selected based on Figure 5.4.4-1, starting from point C.

NOTE 1: 
If the operator wants the UE to request Network-initiated NBIFOM mode, the operator does not provide ISRP IFOM rules to the UE.

NOTE 2: 
Application level preferences settings on the UE (e.g. propose video-share to the user only when over WLAN) are out of scope
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Figure 5.4.4-1: NBIFOM Mode Selection

5.5


PCC Interactions 

When PCC applies for NBIFOM support on a PDN connection,

- 
The Home PCRF controls whether NBIFOM may apply to a PDN connection 

-
The Home PCRF may request to be notified by PCEF when an access is added or removed for the PDN connection or when an access becomes no more Usable or Usable again.

- 
Multiple IP-CAN types (3GPP EPS and Non 3GPP EPS) may be simultaneously associated with the same IP-CAN session;
-
The Home PCRF can send PCC rules including access type routing information per PCC rule to the PDN GW;

- 
For UE-initiated NBIFOM mode, the Home PCRF may subscribe to notifications from PDN GW about the Routing Rules received from the UE. The Home PCRF accordingly installs / modifies PCC rules based on the notifications;
-
For network-initiated NBIFOM mode, the Home PCRF determines the desired access type routing information for a PCC rule and accordingly installs / modifies PCC rules to the PDN GW
The text above applies in following conditions
· The UE is served by its HPLMN, or

· The PDN connection is served by a PGW in the Home PLMN (Home Routed configuration), or

· The PDN connection is served by a PGW in the V-PLMN (LBO configuration), and S9 is deployed and the V-PCRF supports NBIFOM. In that case, the PCRF that takes the PCC decisions related with NBIFOM is the Home PCRF and the V-PCRF acts as a relay of information
Editor’s Note: When a PDN connection works in LBO mode and either S9 is not deployed or the PCRF in the VPLMN do not support NBIFOM, the following applies
: 
-
When S9 is deployed but the V-PCRF of a VPLMN are known to not support NBIFOM,  or when S9 is not deployed, If the Home operator wants to enforce control by its own PCRF of the NBIFOM functionality on a PDN connection, the Home operator should ensure that the Home Routed roaming configuration applies to this PDN connection.
NOTE: 
the V-PCRF is not able to take decisions based on User subscription / quota.

When PCC does not apply to a PDN connection, some network control related with Subscription / quota cannot apply. This e.g. means that the network cannot reject IP flow mobility requests from UE due to subscription (or quota) limitations. 
PCC impacts of NBIFOM are further described in 23.203 [3].
5.6
Addition of one access to a Multi-access PDN connection
Editor’s Note: Whether this section remains in the final document is FFS. If it is kept it should be high level
5.7
IP flow mobility within a Multi-access PDN connection
Editor’s Note: Whether this section remains in the final document is FFS. If it is kept it should be high level
5.8
Removal of an access from a PDN connection
Editor’s Note: Whether this section remains in the final document is FFS. If it is kept it should be high level
5.9
Detach of a Multi-access PDN disconnection 
Editor’s Note: Whether this section remains in the final document is FFS. If it is kept it should be high level
5.10
System Impacts

5.10.1
UE 

To support NBIFOM a UE needs to be capable to: 
· Indicate support and request for NBIFOM for a PDN connection as well as to request a requested NBIFOM mode.
· (in UE-initiated mode) send a default access for NBIFOM to the network
· Receive from the network decisions about whether NBIFOM applies to a PDN connection, about the NBIFOM mode and about the default access.
· Provide handover indication and NBIFOM indication when an access is added for a PDN connection. 

· Exchange routing rules with the network over control plane protocols.

· Route IP flow(s) by using routing access Information which is part of the routing rules.
· (in Network-initiated NBIFOM mode) Notify the network that an access becomes “usable” or “Not usable”
5.10.2
PDN GW 
For NBIFOM the PDN GW is needs to support:

-
Negotiation for the support of NBIFOM (and of the NBIFOM mode) when the UE requests new PDN connectivity over the first access and the additional access. This negotiation includes receiving UE request for NBIFOM as well as indication of support from entities in the network (MME, ePDG, …) 

-
A PDN connection supported by multiple access.

-
Route the IP flow(s) by using the routing access Information which is part of the routing rules.
· Exchange routing rules with the UE over control plane protocols.
· (in Network-initiated NBIFOM mode) Receive UE notification that an access has become “usable” or “Not usable”
· (when PCC is enabled for the PDN connection) Support PCC interactions described in clause 5.5 and TS 23.203 [3].
5.10.3
MME 

During the PDN connection establishment (over the first access and the additional access), the MME provides an indication to the PDN GW for its support for NBIFOM.

In addition, the MME forwards the routing rules between the network (SGW) and the UE via NAS / S11 and forwards over S11 notifications received from the UE that an access has become “usable” or “Not usable”. 
5.10.4
S-GW 

During the PDN connection establishment (over the first access and the additional access), the Serving GW provides an indication to the PDN GW for its support for NBIFOM and relays the support indication from the MME/SGSN.

The Serving GW forwards the routing rules between the PDN GW and the MME/SGSN via S4/S11 and S5/S8.
The Serving GW forwards over S5/S8 notifications received (over S4/S11) from the SGSN/MME that an access has become “usable” or “Not usable”
5.10.5
ePDG Enhancements 

The ePDG:

-
receives the UE indication to negotiate NBIFOM support in SWu during the initial and additional access for multi-access PDN connection and forwards it over S2b;

-
receives (over S2b) the negotiation result of NBIFOM support from the PDN GW and forwards it to the UE via SWu signalling;

-
sends over S2b the capability indication to the PDN GW for its own support for NBIFOM;

-
Forwards the routing rules between the PDN GW and the UE via SWu and S2b

- 
Forwards over S2b notifications received from the UE that an access has become “usable” or “Not usable”

5.10.6
TWAN 

During the PDN connection establishment (over the first access and the additional access), the TWAG indicates to the PDN GW that it supports NBIFOM. In addition, the TWAN indicates if the PDN connection is being established as SCM or if the UE is using MCM.

In the case of MCM, the TWAG 
-
Forwards the routing rules between the PDN GW and the UE via WCLP and S2a 

- 
Forwards over S2a notifications received from the UE that an access has become “usable” or “Not usable”.

5.10.7
SGSN 

During the PDN connection establishment (over the first access and the additional access,), the SGSN provides an indication to the PDN GW for its support for NBIFOM.

In addition, the SGSN forwards the routing rules between the network (SGW) and the UE via NAS / S4 and forwards over S4 notifications received from the UE that an access has become “usable” or “Not usable”.
5.10.8
PCC Enhancements 

They are described in section 5.5 and TS 23.203 [3].
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