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Proposal
The contribution is to propose IP flow mobility solutions for S2b in Rel-12 NB-IFOM study.  
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* * * Second Change * * * 
3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the following definitions apply. 

routing filter: A set of packet flow IP header parameter values/ranges used to identify IP flows for routing purposes

routing address: A routable IP address. In DSMIPv6 this is either the CoA (visited link case) or the HoA (in home link case) 
routing access type: Type of access network (e.g. 3GPP or WLAN) that the P-GW routes the UE’s IP flow .
routing rule: The association of routing filter with a routing address or routing access type.
* * * Third Change * * * 
3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

NB-IFOM
Network-based IP flow mobility
7.4
IP flow mobility solutions for S2b (PMIPv6)

7.4.1
Issues and Design Considerations
7.4.1.1
Issues
The following describes the design issues that are required to be considered when the 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:
UE-initiated IP Flow mobility trigger

For the existing DSMIPv6 UE-based IFOM support, UE triggers the IP Flow mobility with explicit indication.  

For GTP/PMIP network-based mobility management, there is no signalling coordination between the UE and the PGW to trigger the UE-initiated IFOM.  
Editor’s Note: The above issues as stated apply to clauses 7.4 and 7.5 and not specifically to 7.4.  The issues may apply to 7.2 and 7.3 as well, but study of the GTP-based S2a support for trusted non-3GPP access with seamless offload and flow mobility is deferred until the SaMOG study is completed.  This will be corrected in a future version of this technical report. 

7.4.2 
Solution A: IP flow mobility routing rules negotiated via 3GPP access specific signalling  
7.4.2.1
Overview 
7.4.2.1.1 General

This solution is based on the same principles of solution A for DSMIPv6 except following considerations:

-
The routing rules are sent by the UE to the S-GW via the 3GPP access specific signalling during the initial attach, UE requested PDN connectivity and UE requested bearer resource modification procedure as defined in TS 23.401[8]. 
-
The routing rules are sent from the S-GW to the P-GW via the GTP protocol for the GTP-based S5/S8

-
The routing rules are sent from the S-GW to PCRF and further to the P-GW via PCC protocol for the PMIP-based S5/S8

 -
The NB-IFOM support is negotiated during the initial attach and UE requested PDN connectivity procedures as defined in TS 23.401 [8].
The proposed solution introduces no impact on the non-3GPP access network to transport the routing rules between the UE and the EPC. 
7.4.2.1.2 Routing Rules
It is assumed that between UE and the P-GW there is always a default routing access type via which packets not matching any specific routing filter are routed. The UE provides a relative priority with each routing access type, where the routing access type with the highest priority is the default route. The UE may update the priority of a routing access type during IP flow mobility procedures.
An example of a typical routing rule with routing filters is shown in Table 7.4.2-1
Table 7.4.2-1 Routing rules
	Routing Rule Name
	Routing Access Type
	Routing Access Type Priority
	FID
	FID

Priority
	Routing Filter 

	Rule Name 1
	3GPP
	x
	FID1
	a
	Description of IP flows…

	Rule Name 2
	3GPP
	x
	FID2
	b
	Description of IP flows…

	Rule Name 3
	WLAN
	y
	FID3
	c
	Description of IP flows…


NOTE:
This clause above shows only a conceptual representation of the routing rule. The format is FFS.
7.4.2.2
System Impacts 
7.4.2.2.1 RAN
None
7.4.2.2.2  UE 

UE is enhanced to send routing rules in NAS to be sent to the core network .
7.4.2.2.3  MME

MME is enhanced to transport routing rules received from UE via NAS to the S-GW.
7.4.2.2.4  S-GW

The main foreseen change to support Network-based IP flow mobility is the support for transporting routing rules sent from the MME to the P-GW.
7.4.2.2.5  P-GW

The main foreseen changes to support Network-based IP flow mobility are:
· the negotiation for the support of NB-IFOM during the UE’s initial attach and during the UE requesting the PDN connectivity 

· to keep both the GTP/PMIP tunnel with S-GW and PMIP tunnel with ePDG simultaneously.
· to route the IP flow(s) by referring also the routing access type which is part of the routing rules.
7.4.2.2.5 PCC Enhancements

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

-
to extend the IP-CAN level Gx signalling to indicate SDF specific routing access type instead of IP-CAN session specific routing access type.

-
to enhance the PCRF with the logic to associate multiple Gxx sessions with a single Gx session, based on the SDF specific routing access type exchanged over Gx.
NOTE: 
The association of multiple Gxx sessions with a single Gx session is related to the scenarios where a UE is accessing a P4C or SaMOG capable WLAN.
-
to enhance PCRF to receive update from PDN GWabout the current routing access type for each IP flows for the new and updated routing rules via Gx signaling for the GTP-based S5/S8;
-
to enhance PCRF to receive update from S-GW about the current routing access type for each IP flow for the new and updated routing rules via Gxx signalling for the PMIP-based S5/S8;

-
to enhance PCRF to keep PCC and QoS rules up to date for the corresponding gateways based on the routing rules provided by the PDN GW.

-
to enhance PCRF to process a new request from AF over Rx to establish resources (i.e. network initiated resource establishment) for checking the current routing rules (including the default routing rule) in order to detect where the respective IP flows will be routed, and then to provide new or updated PCC rules and QoS rules to the appropriate gateways, if needed. 
7.4.2.3
Flows 
7.4.2.3.1 PDN connection establishment over first access 
7.4.2.3.1.1 PDN connection establishment over 3GPP access

The UE performs the initial PDN connection establishment to a 3GPP access as shown in Figure 7.4.2-1 below. This procedure applies independently whether the UE attaches to EPS or GPRS.
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Figure 7.4.2-1 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 or according to TS 23.402 for the PMIP-based S5/S8. Additionally the UE includes the routing rules in which the Routing Access type is set to “3GPP access” in the attach request message. The eNodeB and MME forward the routing rules to the S-GW. Then one of the two following scenario applies: 
· For the GTP-based S5/S8, the S-GW includes the routing rule in the Create session request message to the P-GW. the P-GW installs the routing rules to the PCRF and acknowledges the NB-IFOM is enabled to the UE. 
· For the PMIP-based S5/S8, the S-GW includes the routing rules in the Gateway Control Session establishment message and acknowledges the NB-IFOM is enabled to the UE. The PCRF then includes the routing rules in the IP-CAN session establishment acknowledge message to install the routing rule in the P-GW.   
7.4.2.3.1.2 PDN connection establishment over WLAN

The UE performs the initial PDN connection establishment over WLAN which is same as the procedure defined in subclause 7.2.1 of TS 23.402.
7.4.2.3.2
Addition of one access 
7.4.2.3.2.1 Addition of WLAN access
After successfully attachment to 3GPP access, the UE has established a PDN connection over 3GPP access as shown in Figure 7.4.2-1 above. Subsequently the UE performs the WLAN attachment, and requests to establish a PDN connection with the same APN, and attempts to use both accesses for the same PDN connection simultaneously. 
The UE realises such procedure by creating a virtual interface where a single external IPv4 and/or IPv6 address is defined (appointed by the PDN-GW). On the virtual interface, sub-interfaces can be defined based on the number of accesses the UE is connected to.  In this case the UE will have a sub-interface for the WLAN and a sub-interface for 3GPP access. On the UE side applications can bind sockets to a specific sub-interface which in effect binds the socket to route the traffic via a particular access.

In the uplink direction, all IP packets are sent to the sub-interface based on the routing access type contained on the routeing filter information.

In the downlink direction, the connection manager (i.e. virtual interface) ensures that all IP packets are appended on the appropriate sub-interface based on the access type where the IP packets were sent.
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1 .   Initial Attach with  PMI P   on S2b   as defined in TS 23.40 2 , section  7.2.1  

 Figure 7.4.2-2: Addition of WLAN access to the PDN connection
1. Initial attach with PMIP on S2b as defined in TS 23.402, section 7.2.1 is performed. 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 PMIPv6 tunnel with ePDG while maintaining the previous GTP/PMIPv6 tunnel with S-GW.
7.4.2.3.2.2 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 subclause 7.2.1 of TS 23.402. 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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1 .  step 1 of figure 7.4.2 - 1   is performed  


Figure 7.4.2-3: Addition of 3GPP access to the PDN connection
1. Step 1 of Figure 7.4.2-1 as shown in above clause is performed. Specifically, the UE sets the Request Type to Handover to facilitate the MME selects the same PDN GW as the UE connects in WLAN Access. If the P-GW has been notified that the UE supports NB-IFOM in this step, the P-GW shall establish new GTP/PMIPv6 tunnel with S-GW while maintaining the previous PMIP tunnel with ePDG.
7.4.2.3.3
IP flow mobility
7.4.2.3.3.1 General

In this scenario, an IP flow is moved from one access to another access. Figures 7.4.2-4 and 7.4.2-5 below describe the cases where an IP flow is added to other access network. This can be either a new IP flow or an IP flow which was formerly routed through one access.
7.4.2.3.3.2
IP flow mobility(S5/S8-GTP)
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Figure 7.4.2-4 IP Flow Mobility (S5/S8-GTP)
1. The UE is simultaneously connected to a 3GPP and a non-3GPP access based on the procedures described in Figure 7.4.2-2 or Figure 7.4.2.-3 above. The UE is exchanging some IP flows through the 3GPP access and some other IP flows through the non-3GPP access.
2. The UE sends a Request Bearer Resource Modification to MME including some updated routing rules. UE can install a new routing rule or to modify the routing access type of an existing routing rule to route the respective traffic (identified by the included FID) through one particular access (identified by the included BID) or to remove an existing routing rule. In case of new routing rule with a new FID mobility option, the UE includes the routing filter description.

3-4. MME sends Bearer Resource Command to PDN GW, forwarded by Serving GW, including the updated routing rules.
5. PDN GW sends IP-CAN Session Modification-begin to PCRF, including the updated routing rules. The PCRF stores the updated routing rules. The PCRF updates the PCC rule based on the updated routing rules and sends an acknowledgement to the PDN GW, including updated PCC rules if appropriate.
6. PDN GW implements Dedicated bearer activation as per Figure 5.4.1-1, from step 2 to 11; or Bearer modification procedure as per Figure 5.4.2.1-1, from step 2 to 11, or as per Figure 5.4.3-1, from step 2 to 9; or Dedicated bearer deactivation procedure as per Figure 5.4.4.1-1, from step 2 to 9, in TS23.401.
7. The PDN GW indicates to the PCRF whether the PCC decision could be enforced or not.
7.4.2.3.3.3 IP flow mobility(S5/S8-PMIP)
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Figure 7.4.2-5 IP Flow Mobility (S5/S8-PMIP)
1. The UE is simultaneously connected to a 3GPP and a non-3GPP access based on the procedures described in Figure 7.4.2-2 or Figure 7.4.2.-3 above. The UE is exchanging some IP flows through the 3GPP access and some other IP flows through the non-3GPP access.
2. The UE sends a Request Bearer Resource Modification to MME including some updated routing rules. UE can install a new routing rule or to modify the routing access type of an existing routing rule to route the respective traffic (identified by the included FID) through one particular access (identified by the included BID) or to remove an existing routing rule. In case of new routing rule with a new FID mobility option, the UE includes the routing filter description.

3. MME sends Bearer Resource Command to Serving GW, including the updated routing rules.
4. Serving GW sends GW control session and QoS rules request as specified in TS 23.203 [7] to PCRF, including the updated routing rules. The PCRF stores the updated rules and makes a PCC decision based on routing rules. The PCRF sends an acknowledgement to the S-GW, including the updated QoS rules if needed.
5. Either the Dedicated bearer activation/modification as per TS 23.401 [8], Figure 5.4.{1,2.1, 2.2, 3}-1 between Step A and B; or the Dedicated bearer deactivation procedure as per Figure 5.4.4.1-1, from Step 3a to Step 8a, in TS23.401 [8] is performed.
6. The Serving GW indicates to the PCRF if the requested QoS Policy Rules Provision could be enforced.
7. The PCRF initiates the Policy and Charging Rules Provision Procedure as specified in TS 23.203 [7] to update the PCC rules and routing rules in the PDN GW.

8-11．PDN GW updates the routing information in binding cache entry in ePDG and S-GW for PMIP tunnel as specified in draft-ietf-netext-pmipv6-flowmob [x].
7.4.2.3.3
Removal of one access
In this scenario, the UE moves all traffic from one access to another access and detaches from the old access (e.g. due to loss of coverage or by an explicit detach). 
When the UE disconnects from the non-3GPP access and remains connected only to the 3GPP access, refer to TS23.402 clause 7.4.1. 

When the UE disconnects from the 3GPP access and remains connected only to the non-3GPP access, refer to TS 23.401 subclause 5.3.8.2 or TS 23.402 subclause 5.3. 

NOTE: 
If the UE wants to keep the IP flows from an access which is to be detached, the procedure specified in Figure 7.4.2-4 or Figure 7.4.2-5 above shall be performed before the UE detaches from the old access.

The optional interaction steps between the gateways and the PCRF in the procedures only occur if dynamic policy provisioning is deployed in EPC.
7.4.2.3.4
Addition of one access for multiple PDN connections to the same APN
When a UE having multiple PDN connections to the same APN via one access attaches to a second access, the UE needs to decide which of the multiple PDN connections would use both accesses simultaneously. 
When the UE having multiple PDN connections to the same APN via 3GPP access attaches to the non-3GPP access, the UE shall perform IP flow mobility procedures only for the PDN connections for which it will use IP flow mobility. 

When the UE having multiple PDN connections to the same APN via a non-3GPP access attaches to the 3GPP access, the UE should only establish the PDN connections for which it will use IP flow mobility. However, for the addition of 3GPP access to the PDN connection case, due to the restriction that the UE cannot indicate which PDN connection is to establish, the UE shall repeat UE PDN Connectivity Request until the desired PDN connections have been established and shall perform IP flow mobility procedures for the desired PDN connections. For the addition of non-3GPP access to the PDN connection case, UE can indicate the desired PDN connections by providing the IP address allocated by the 3GPP access to the network.
* * * End of Change * * * 
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1. step 1 of figure 7.4.2-1 is performed
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7. PCC rule provision 
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1. UE is connected simultaneously to 3GPP and non 3GPP accesses and multiple bindings and multiple IP flows are registered at the PDN GW
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5. Dedicated bearer activation/modification as per TS23.401, Figure Figure 5.4.{1,2.1, 2.2, 3}-1, Between Step A and B;  or Dedicated bearer deactivation procedure as per Figure 5.4.4.1-1, from Step 3a to Step 8a. 
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1. 3GPP PDN connection establishment as defined in TS 23.401, TS 23.060 or TS 23.402
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5. IP-CAN Session Modification-begin
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1. UE is connected simultaneously to 3GPP and non-3GPP accesses and multiple bindings and multiple IP flows are registered at the PDN GW
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7.IP-CAN Session Modification - end
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6. Dedicated bearer activation as per Figure 5.4.1-1, from step 2 to 11; or Bearer modification procedure as per Figure 5.4.2.1-1, from step 2 to 11, or as per Figure 5.4.3-1, from step 2 to 9; or Dedicated bearer deactivation procedure as per Figure 5.4.4.1-1, from step 2 to 9.
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1. Initial Attach with PMIP on S2b as defined in TS 23.402, section 7.2.1
































