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Proposal

It is proposed to update TR 23.861 (IFOM) as shown below:

* * * First Change * * * *

1
Scope

Release 8 EPS introduced a multi access 3GPP system where different heterogeneous access systems are connected to a common core network. However, in Release 8 EPS, the subscriber cannot communicate using multiple accesses simultaneously. The subscriber can establish a single PDN connection or multiple simultaneous PDN connections in Release 8 EPS, but all the traffic exchanged by the subscriber, regardless of the PDN connection it belongs to, is routed through the same access system. Similarly, Release 8 introduced mobility enhancements to the I-WLAN architecture to support session continuity for any application between 3GPP and I-WLAN accesses. 

Devices with multiple interfaces (e.g. 3GPP , WiFi, WiMAX etc.) are becoming commonly available and the set of applications running in the mobile devices is diversifying with some applications suited to run over 3GPP access systems and other applications well suited to run over some other - complementary - access systems (e.g. ftp transfer via WiFi in parallel to VoIP over LTE). 

The scope of this document is to study the scenarios, requirements and solutions for UEs with multiple interfaces which will simultaneously connect to 3GPP access and one, and only one, non-3GPP access. Solutions to be studied include the possibility of dynamically routeing to specific accesses individual flows generated by the same or different applications belonging to the same PDN connection. This study item doesn’t include the scenario where the same IP flow is routed via different access system simultaneously.
Scenarios and solutions described in this document are applicable independently of whether IMS or non-IMS applications are used.

* * * Second Change * * * *

6.1.1
General
Multi Access PDN connectivity and IP flow mobility shall be possible both for EPS and I-WLAN mobility architectures. 

The impacts to the existing functionality and to the access systems shall be minimized. 

It should be possible for a multi-radio UE that is able to simultaneously connect to a given PDN via different access systems, to move individual service data flows from one radio access technology to another in a seamless manner (i.e. without unnecessary disturbance of the user experience).

It should be possible for the network to move individual service data flows from one radio access technology to another in a seamless manner, if the network determines based on policy that flows should be moved and a second radio access technology is available.
Editor's note:
This requirement may overlap with the service requirements. It needs to be clarified.

It should be possible for EPS/I-WLAN mobility to support simultaneous access to a single PDN via different access networks.
For accesses under control of the home operator, it shall be possible for the network to detach the UE from  the current access network(s) through which the UE simultaneously accesses the EPC.

* * * Third Change * * * *

6.3.1
Network based mobility management issues 

The following describes the design issues that are required to be considered when the S2a or S2b GTP/PMIP-based solution (i.e. network-based mobility management) is used to support UE-initiated IFOM. 

Issue#1:  Routing rules installation

For the existing DSMIPv6 UE-based IFOM support, UE imbedded the routing rules in DSMIPv6’s BU which is sent directly to the HA (i.e. PGW). 

For GTP/PMIP network-based mobility management, there is no direct communication support between the UE and the PGW to install the route rules. 

Issue#2:
IP Flow mobility trigger

For the existing DSMIPv6 UE-based IFOM support, UE triggers the IP Flow mobility with an explicit indication and provides the desired flows which need to be moved.  

For GTP/PMIP network-based mobility management, there is currently no signalling coordination between the UE and the PGW to trigger the UE-initiated IFOM. A signalling means is needed to allow the coordination of the UE and the network to initiate flow mobility by providing the desired flows which need to be moved. 

Issue #3: The same IP address on multiple IP interfaces

The assignment of IPv4 address, IPv6 prefix(es) and IPv6 interface identifiers, handling of multicast packets, including signaling messages that may be sent on a multicast link-local address (e.g. DHCPv6, RA/RS), etc. must be analysed.
Issue #4: Loss of non-3GPP (WLAN) access

For a UE with active flows on WLAN and LTE, if the WLAN coverage is lost, mechanism is needed to indicate to the network that WLAN coverage is no longer available so that the Network can initiate the move of the Service Flows back to LTE.

Issue #5: Handover back to LTE of existing flows

If the UE has active LTE and WLAN flows, it is FFS on how the UE can indicate to the network that flows are no longer viable on WLAN due to Radio loss and hence need to be moved to LTE
* * * Fourth Change * * * *

7.2.2.4.1 General

UE Initiated IP Flow Mobility indicates that UE requests for specific flows moved or assigned to specific access and Network will either accept or decline such request.  

This section is related to the case that the UE initiates IP flow mobility from one access to another when the UE is simultaneously connected to the same PDN via two access networks. And this section includes the scenario of S2a for non-3GPP access and GTP-based S5/S8 and PMIP-based S5/S8 for 3GPP access.
Editor's Note: This solution assumes that the packet filters provided via access specific bearer modification procedures are not used only for bearer selection but are also used to populate the IP stack routing table of the UE and to perform routing decision between different interfaces. The impacts of this assumption to the UE implementation are FFS. In this scenario, one or more IP flows are moved from one access to another access. 

Here lists three scenarios for the IP Flow mobility:
Scenario 1: IP flow mobility from trusted non-3GPP access with PMIP based S2a to 3GPP access with GTP based S5/S8.
Scenario 2: IP flow mobility from trusted non-3GPP access with PMIP based S2a to 3GPP access with PMIP based S5/S8.
Scenario 3: IP flow mobility from 3GPP access with GTP or PMIP based S5/S8 to non-3GPP access with PMIP based S2a.
* * * Fifth Change * * * *

7.5.4

Solution C: Network-initiated IP flow mobility via PCC

7.5.4.1

Overview 

7.5.4.1.1 
General
In this solution, Routing Rules are determined via operator-configured policies in the PCRF, provided to PGW (for the flows in the downlink direction) and to the UE (for the flows in the uplink direction). 

Editor’s Note: 
Format and delivery of routing rules could be based on previous procedures.
For WLAN access, the routing rule is provided in the following way:

· via Gx procedure from PCRF to the PDN GW

· via GTP-c signalling from the PDN-GW to the ePDG.

· via IKEv2 procedure from the ePDG to the UE;
For 3GPP access, the routing rule is provided in the following way
· via Gx procedure from PCRF to the PDN GW
· PGW sends packet filter via GTP-c signalling from the PDN GW to the SGW and from SGW to MME or PGW sends packet filter via GTP-c signalling from the PDN GW to the ePDG 
· Routing rules in UE are ‘constructed’ from the packet filter updates from the PGW
· via existing NAS signalling (Attach Response, Activate Default EPS Bearer Context etc.) from the MME to the UE or via SWu Routing Rules from ePDG to UE
The solution is described assuming both S5 and S2b are GTP based. 
The solution relies on the PCRF making the decision on when and what flows should be moved to which access. The PCRF learns of multiple accesses via event triggers from the PDN GW.

7.5.4.1.2 
Routing Rules
Editor’s Note: Format and mechanism of delivery to be finalized 

Editor’s note: It is FFS on how to resolve any conflicting rules on 3GPP vs. WLAN 
 Conceptually the routing rule consists of: Rule ID, flow definitions, RAT Type, Precedence

Editors Note: It is FFS whether to collapse routing rules and PCC rules in this context.
7.5.4.2
System Impacts 

7.4.4.2.1 
3GPP RAN
None
7.5.4.2.2  
UE 

UE is enhanced to receive TFT filters associated with a specific RAT Type and the routing rules received on WLAN to indicate which flows should be migrated to WLAN.

Editor’s note: More study is needed to determine for which the NAS procedure is impacted – e.g. moving the existing IP Flows from one RAT Type to another could result in UE thinking flows have failed.  Potential indication via a new NAS code is possible to ensure UE does not initiate any SIP messages due to loss of flows. 

7.4.4.2.3  
MME
Editor’s note: MME may need to be enhanced to map bearer deletion during IFOM to specific NAS codes yet to be defined.
7.4.4.2.4  
S-GW
None
7.4.4.2.5  
P-GW
The main foreseen changes on P-GW to support Network-based IP flow mobility are:
· Association of the PCC rules or routing rules to the appropriate RAT type requested by the PCRF 
· to keep both the GTP tunnels with S-GW and ePDG simultaneously.
· to route the IP flow(s) by referring also the routing access type which is part of the TFT filters and Routing Rules.
· Corresponding charging related impacts to ensure charging records carry the associated RAT for the flows
· Multiple bearers with same bearer ID associated with 3GPP and another with WLAN at the same time
· Capability exchange with the UE on Network-Based IFOM support
· Capability exchange with the PCRF on Network-Based IFOM for the current session of the UE
· Mapping corresponding routing rules to associated RAT types and communicate to the UE via SGW/MME or via ePDG

· To notify the PCRF when an additional access is added or removed for an existing PDN
7.4.4.2.6  PCC Enhancements

The main foreseen changes to support Network-based IP flow mobility are:

-
multiple routing access types active for a single users associated with the same Gx session and IP address for both WLAN and 3GPP access;
-
to extend the IP-CAN level Gx signalling to indicate specific routing access type instead of IP-CAN session specific routing access type.

-
to enhance PCRF to receive update from PDN GW routing access type addition and removal event triggers in addition to existing support of routing access change;
-
determine when and which flows shall be migrated to WLAN and install / modify PCC rules or Routing Rules appropriately to indicate routing access type to the PGW;
-
determine loss of RAT based on removal event trigger and act according to policy to migrate flows;
7.5.4.3
Flows 

7.5.4.3.1
 PDN connection establishment over first access

7.5.4.3.1.1
PDN connection establishment over 3GPP access

The UE performs the initial PDN connection establishment to a 3GPP access as shown in Figure 7.5.2.3.1.1- 1 below. This procedure applies independently whether the UE attaches to EPS or GPRS.
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1. 3GPP PDN connection establishment as defined in TS 23.401, TS 23.060 

 

Figure 7.5.2.3.1.1- 1:  PDN connection procedure over 3GPP access

1. The initial PDN establishment procedure is performed by the UE according to TS 23.401 [10] or TS 23.060 [11], depending if the PDN connection establishment is to EPS or GPRS, for the GTP-based S5/S8. Additionally the UE includes support for Network based IP Flow Mobility in the PCO.
During IP Can Session Establishment PGW indicates to the PCRF about the UE and networks capability of supporting Network Based IP Flow Mobility
7.5.4.3.1.2
PDN connection establishment over WLAN
The UE performs the initial PDN connection establishment over WLAN, which is same as the procedure defined in TS 23.402 subclause 7.2.4.
Editor’s Note: FFS on if UE needs to communicate NBIFOM capability during PDN connection on WLAN

During IP Can Session Establishment PGW indicates to the PCRF about the UE and networks capability of supporting Network Based IP Flow Mobility
7.5.4.3.2
Addition of one access
7.5.4.3.2.1
Addition of WLAN access
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Figure 7.5.2.3.2.1- 1: Addition of WLAN access to the PDN connection

Initial attach with GTP on S2b as defined in TS 23.402, section 7.2.4 is performed and the steps remain the same except for the changes noted below. 
Specifically, the UE shall include its address (IPv4 address or IPv6 prefix /address or both), which was allocated during its attachment to 3GPP Access, into the CFG Request sent to the ePDG during IKEv2 message exchange to facilitate the ePDG to select the same PDN GW that is attached to the UE over the 3GPP Access. Because NB-IFOM is supported for the established PDN connection over 3GPP access, the P-GW shall establish new GTP tunnel with ePDG while maintaining the previous GTP tunnel with S-GW.
As part of the IP-CAN-Session Establishment procedure (TS 23.402 7.2.1-1 Step 4 oTS 23.402)  PGW shall indicate to the PCRF the addition of new RAT Type, if the PCRF has enabled this event trigger during the initial session establishment
Note: UE shall not initiate any specific routing rule changes towards the network and the specific routing rules / packet filters associated with each routing access type is determined by the network

7.5.4.3.2.2
Addition of 3GPP access
After successfully attachment to Non-3GPP access, the UE has established a PDN connection over Non-3GPP access as specified in TS 23.402 subclause 7.2.4 . 
Subsequently the UE attaches to 3GPP access, and establishes a PDN connection with the same APN.  UE attempts to use both accesses for the same PDN connection simultaneously.  
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Figure 7.5.2.3.2.2- 2: Addition of 3GPP access
UE is connected to WLAN as defined in 23.402 7.2.4.

1.  UE sends an attach request to the MME.

2. Authentication/security procedure between the UE and the HSS/AA via the MME takes place.
3.  MME sends a Create Session Request to the SGW with the indication that this is a handover and is for IFOM.
4.  SGW sends the Create Session Request to the PDN GW.

5.  As part of the IP CAN Session Modification message, PGW indicates a RAT addition to the PCRF and PCRF based on policy will identify any specific flows to be associated with the 3GPP E-UTRAN access and install the appropriate rules or modify the rules at the PDN GW.
6.  PDN GW will respond back to the SGW with a Create Session Response with the appropriate TFTs for 3GPP E-UTRAN as provided by the PCRF
7.  PDN GW will respond back to the SGW with a Create Session Response with the appropriate TFTs for 3GPP E-UTRAN as provided by the PCRF
10.  SGW will send the Create Session Response to the MME.
11.  MME will send the Attach Accept to the UE with the corresponding TFTs provided by the PGW. 

12. Based on PCC rules in Step 5, PDN GW makes the determination if any modification of resources on WLAN access are needed and performs the appropriate bearer procedures as defined in 23.402 and sends to the ePDG an Update Bearer Request which, includes the new routing rules to be utilized for 3GPP

10. The ePDG sends an Update Bearer Response to the PDN GW.

11. The ePDG initiates a IKEv2 INFORMATIONAL request, which includes the modified routing rule to indicate the updated routing rule to be used by the UE.

12. The UE responds with a IKEv2 INFORMATIONAL response, acknowledging the new routing rules and applies the corresponding filters

13. The non-3GPP specific resource modification may be performed based on the modified traffic selector in non-3GPP access network.

7.5.4.3.3
IP flow mobility

7.5.4.3.3.1
IP flow mobility within a PDN connection from 3GPP access to WLAN access
In the following signalling flow, the PCRF identifies and moves specific flows from 3GPP to WLAN.
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Figure 7.5.2.3.2.1- 2: IP flow mobility within a PDN connection from 3GPP access to WLAN access
1.
The UE is connected simultaneously to 3GPP and non-3GPP accesses and establishes multiple IP flows of the same PDN connection.
2.
PCRF determines based on policy information and current UE state that session modification can be initiated to move specific flows.   PCRF indicates to the PGW via PCC rules or routing rules associated routing access type for rules to be modified or installed.
3.
Based on PCC rules, PGW makes the determination to either release 3GPP resources or setup resources or modify resources on 3GPP access and performs the appropriate bearer procedures as defined in 23.401
4. The PDN GW sends to the ePDG an Update Bearer Request which includes the new routing rules to be utilized for WLAN
5. The ePDG sends an Update Bearer Response to the PDN GW.

6. The ePDG initiates a IKEv2 INFORMATIONAL request, which includes the modified routing rule to indicate the updated routing rule to be used by the UE.

7. The UE responds with a IKEv2 INFORMATIONAL response, acknowledging the new routing rules and applies the corresponding filters

8. The non-3GPP specific resource modification may be performed based on the modified traffic selector in non-3GPP access network.

7.5.4.3.3.2
IP flow mobility within a PDN connection from WLAN access to 3GPP
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Figure 7.5.2.3.2.2: IP flow mobility within a PDN connection from WLAN access to 3GPP
1.
The UE is connected simultaneously to 3GPP and non-3GPP accesses and establishes multiple IP flows of the same PDN connection.
2.
PCRF determines based on policy information and current UE state that session modification can be initiated to move specific flows.   PCRF indicates to the PGW via PCC rules or routing rules associated routing access type for rules to be modified or installed.
3.
Based on PCC rules, PGW makes the determination to either release WLAN resources or modify resources on WLAN access and performs the appropriate bearer procedures as defined in 23.402
4. The PDN GW sends to the SGW an Update Bearer Request which, includes the new routing rules to be utilized for 3GPP
5. The SGW sends to the MME an Update Bearer Request which, includes the new routing rules to be utilized for 3GPP

6. MME updates the UE with new routing rules to be utilized for E-UTRAN as defined in TS 23.401
7. MME sends an Update Bearer Response to the SGW
8. The SGW sends an Update Bearer Response to the PDN GW.
9. Depending on the rule modification, ePDG may perform WLAN specific Resource Modification
7.5.4.3.4
Removal of one access
7.5.4.3.4.1 Removal of 3GPP access from the PDN connection
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Figure 7.5.4.3.4.1: Removal of 3GPP access from the PDN connection
1. The UE is connected simultaneously to 3GPP and non-3GPP accesses and establishes multiple IP flows of the same PDN connection.
2. MME initiates a release of the resources on 3GPP due to operator intervention or other trigger (detach request from UE or radio link failure)
3. MME sends a Delete Session Request to the SGW

4. SGW sends the Delete Session request to the PDN GW

5. PDN GW shall indicate to the PCRF the removal of new 3GPP E-UTRAN RAT Type, if the PCRF has enabled this event trigger during the initial session establishment.  PCRF determines based on policy information and current UE state that session modification can be initiated to move specific flows.   PCRF indicates to the PDN GW via PCC rules or routing rules associated routing access type for rules to be modified or installed.
6. PDN GW sends the Delete Session Response to the SGW

7. SGW sends the Delete Session Response to the MME

8. MME performs EPS resource release procedures

9. Based on PCC rules, PGW makes the determination if any modification of resources on WLAN access are needed and performs the appropriate bearer procedures as defined in 23.402 and sends to the ePDG an Update Bearer Request which, includes the new routing rules to be utilized for 3GPP

10. The ePDG sends an Update Bearer Response to the PDN GW.

11. The ePDG initiates a IKEv2 INFORMATIONAL request, which includes the modified routing rule to indicate the updated routing rule to be used by the UE.

12. The UE responds with a IKEv2 INFORMATIONAL response, acknowledging the new routing rules and applies the corresponding filters

13. The non-3GPP specific resource modification may be performed based on the modified traffic selector in non-3GPP access network.


7.5.4.3.4.2 Removal of WLAN access from the PDN connection
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Figure 7.5.4.3.4.2: Removal of WLAN access from the PDN connection
1. The UE is connected simultaneously to 3GPP and non-3GPP accesses and establishes multiple IP flows of the same PDN connection.
2. ePDG initiates a release of the resources on WLAN due to operator intervention or other trigger (Dead Peer Detection or other scenarios)
Editor’s Note: It is FFS on the actual trigger possibilities for WLAN connection loss and detection at ePDG
3. ePDG sends a Delete Session Request to the SGW

4. PDN GW shall indicate to the PCRF the removal of new WLAN RAT Type, if the PCRF has enabled this event trigger during the initial session establishment.  PCRF determines based on policy information and current UE state that session modification can be initiated to move specific flows.   PCRF indicates to the PDN GW via PCC rules or routing rules associated routing access type for rules to be modified or installed.
5. PDN GW sends the Delete Session Response to the SGW

6. If needed, ePDG performs WLAN resource release procedures

7. Based on PCC rules, PGW makes the determination if any modification of resources on 3GPP E-UTRAN access are needed and performs the appropriate bearer procedures as defined in 23.401 and sends an Update Bearer Request to the SGW which, includes the new routing rules to be utilized for 3GPP
Note: It is possible that instead of resource modification, a resource removal or setup can happen and the procedures are as defined in 23.401
8. SGW forwards the Update Bearer Request to the MME
9. MME performs 3GPP EPS Resource Modification as defined in 23.401
10. The MME sends an Update Bearer Response to the SGW.
11. The SGW sends an Update Bearer Response to the PGW
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Attach procedure as in 23.402 Figure 7.2.1-1, before step (A)
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Attach procedure as in 23.402 Figure 
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Attach procedure as in 23.402 Figure 7.2.1-1, between steps (B) and (C)
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