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Introduction

This contribution proposes to include three different procedures for IP flow mobility based on DSMIPv6 to the TR 23.861. The procedures are based on the principles introduced at the previous meeting for solution A for DSMIPv6. The solution is applicable for both S2c and H1; when H1 is used, there are no PCC interactions.

Discussion

In Rel-8 when DSMIPv6 is used PDN connections are moved between accesses by exchanging CoA-HoA pairs in Binding Updates. Each PDN connection is routed via a single access network. The CoA-HoA pair can be seen as a routing rule which applies to all packets destined to the HoA. Always when a PDN connection is moved from one access network to another and when PCC is deployed, PCEF informs the PCRF about the current routing address for the PDN connection. PCRF links the current routing address with appropriate GW control session (if any) and updates PCC and QoS rules associated with the PDN connection accordingly (Figure 1).
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Figure 1. Release 8 model 

In MAPIM solution A SDFs are moved between accesses by exchanging routing rules in Binding Updates. Each SDF is routed via a single access network. In this case the routing information are not applied to all packet destined to the HoA but to the subset of packets identified by the routing filter in the Binding Update. Always when a SDF is moved from one access network to another and when PCC is deployed, PCEF informs the PCRF about the current routing address for that SDF. PCRF links the current routing address with appropriate GW control session (if any) and updates PCC and QoS rules associated with the SDF accordingly (Figure 2). 
Essentially the proposed procedure is a copy paste of the one in release 8 with the difference that mobility events are SDF specific instead of being PDN connection specific. 
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Figure 2. MAPIM Solution A model
Definitions

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 rule: The association of routing filter with a routing address 
Routing Principles
· The UE and PDNGW/HA agree about routing rules
· Traffic flows between UE and PDNGW/HA are routed based on the current routing rules
Routing and SDF
· PCRF informs PDN GW always when a new SDF is established via Gx (as in Rel-8)

· PDN GW associates each SDF with a routing address based on the routing rules received in Binding Updates

· When a SDF does not correspond to a single routing rule (i.e. different parts of the same SDF are associated with different routing addresses), PDN GW splits the existing SDF into routable sub-SDFs, so that each sub- SDF matches with a single routing address

· PDNGW keeps PCRF up to date about the current routing addresses for each (sub-) SDF 

· PCRF keeps PCC and QoS rules up to date at appropriate enforcement points

NOTE: 
When PCRF establishes a new SDF, PCRF installs a PCC rule at PCEF for the SDF and the PCEF returns the current routing address for the SDF. Based on this information PCRF installs QoS rule to appropriate BBERF (if required) and may modify the installed PCC rule at PCEF.

Proposal

The following new text is proposed to be added to the TR 23.861.

* * * First Change * * * *

3
Definitions, symbols 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 rule: The association of routing filter with a routing address

* * * Next Change * * * *

7.1.1
Solution A: Routing filters in DSMIPv6

7.1.1.1 
Overview

In Rel-8 EPS and I-WLAN Mobility the granularity of access system connectivity and inter system mobility is per PDN connection basis. To handle IP flow mobility the PDN connectivity (i.e. mobility of IP flows within one single PDN connection) mobility would need to be handled per IP flows. The below table indicates the basic required enhancements:

	
	Rel-8 system
	System with IP Flow mobility

	Inter-system mobility signaling
	Per PDN connection
	Per IP flows within PDN connection

	PCC logic & IP-CAN specific PCC signaling
	Per IP-CAN
	Per IP flows within IP-CAN

	ANDSF Inter System Mobility policies
	Per UE
	Per IP flow classes within UE


NOTE:
Even though the S5/S8 GTP signalling is per bearer basis, the granularity of the intersystem mobility in Rel-8 is per PDN connection basis (i.e. the UE moves always the entire PDN connection when handing over to one access).
This solution is based on enhancing the inter-system mobility signaling in order to carry routing filters. The extensions to DSMIPv6 mobility signaling needed to carry routing filters when the UE is connected to multiple accesses simultaneously are specified in [4] and [5] and are applicable to S2c and H1. The PCC interactions are optional and applicable only to S2c. In this solution the functional split between mobility signaling and PCC signaling is kept the same as in release 8:

· Mobility signaling is used to provide routing information for existing IP flows.

· PCC signaling is used to provide SDF level QoS rules to the appropriate gateways based on the current routing of IP flows.

7.1.1.2 
DSMIPv6 enhancements

In this solution, when a UE configures different IPv6 global addresses on multiple accesses, it can register these addresses with the PDNGW/HA as CoAs using multiple bindings as specified in [4]. 

To register multiple bindings, the UE generates a Binding ID (BID) for each CoA and stores the BID in the binding update list. The UE then registers its CoAs by sending a Binding Update (BU) with a Binding Identifier mobility option. The BID is included in the Binding Identifier mobility option.

When the PDNGW/HA receives the BU with a Binding Identifier mobility option, it copies the BID from the mobility option to the corresponding field in the Binding Cache entry. If there is an existing Binding Cache entry for the MN, and if the BID in the BU does not match the one with the existing entry, the HA creates a new Binding Cache entry for the new CoA and BID. 

Based on this extension, a typical Binding Cache in PDNGW/HA according to this specification is shown in Table 1. Note that a BID is only unique for a given HoA, i.e. different mobile nodes can use the same BID value.

	Home Address
	Care-of Address
	Binding ID

	HoA1
	CoA1
	BID1

	HoA1
	CoA2
	BID2

	…
	…
	…


Table 1: Binding Cache in PDNGW/HA supporting multiple CoAs registration

In order to route IP flows through one access, the UE needs to request to store routing filters for that access at the PGW/HA: the UE includes the 'Flow Identification' (FID) mobility option in the BU message as defined in [5]. The routing filters are unidirectional and can be different for uplink and downlink traffic.

It is assumed that between UE and the Home Agent function there is always a default routing address via which packets not matching any specific routing filter are routed.  
A typical Binding Cache in PDNGW/HA with routing filters is shown in Table 2 REF _Ref209854250 \h 
 \* MERGEFORMAT . Note that a FID is only unique for a given HoA, i.e. different PDN connections can use the same FID value.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



	Home Address
	Routing Address
	Binding ID
	Flow ID
	Routing Filter 

	HoA1
	CoA1
	BID1
	FID1
	Description of IP flows…

	
	
	
	FID2
	Description of IP flows…

	HoA1
	CoA2
	BID2
	FID3
	…


Table 2: Binding Cache in PDNGW/HA supporting flow bindings

7.1.1.3
 PCC Enhancements

Rel-8 PCC is designed to handle a single active access connection for each IP-CAN. PCC enhanced for IP flow mobility must handle multiple simultaneous access connections for a single IP CAN not only during the handover scenarios. The main foreseen changes are:

· Some of the IP-CAN level Gx signaling is enhanced to deliver SDF specific routing addresses instead of IP-CAN session specific routing addresses .
· PCRF is enhanced with the logic to associate multiple Gxx sessions with a single Gx session, based on the SDF specific routing addresses exchanged over Gx.


The following principles apply for the interactions between routing and SDFs:

· PCRF informs PDN GW always when a new SDF is established via Gx (as in Rel-8)

· PDN GW associates each SDF with a routing address based on the routing rules received in Binding Updates

· When a SDF does not correspond to a single routing rule (i.e. different parts of the same SDF are associated with different routing addresses), PDN GW splits the existing SDF into routable sub-SDFs, so that each sub- SDF matches with a single routing address

· PDN GW keeps PCRF up to date about the current routing addresses for each (sub-) SDF 

· PCRF keeps PCC and QoS rules up to date at appropriate enforcement points

NOTE: 
When PCRF establishes a new SDF, PCRF installs a PCC rule at PCEF for the SDF and the PCEF returns the current routing address for the SDF. Based on this information PCRF installs QoS rule to appropriate BBERF (if required) and may modify the installed PCC rule at PCEF.
* * * * Next Change * * * *

7.1.1.5 Flows 

7.1.1.5.1 General
The flows in this subclause are based on the flows specified in 3GPP TS 23.402 [2]. The flows are applicable also to the I-WLAN mobility architecture: in this case the PCC interactions are not implemented and the role of the PDN GW is performed by the Home Agent.

7.1.1.5.2 Addition of one access to the PDN connection
In this scenario, the UE is attached to one access, subsequently attaches to a second access and starts using both accesses for the same PDN connection. As a result the UE is simultaneously connected via both accesses and a set of traffic flows are routed through one access while the remaining traffic flows are routed through the other access. 
Non-roaming, home routed roaming and Local Breakout cases are supported by this procedure. The AAA proxy and vPCRF are only used in the case of home routed roaming and Local Breakout. In non-roaming scenarios, the AAA proxy and vPCRF are not involved.

The optional interaction steps between the gateways and the PCRF in the procedures only occur if dynamic policy provisioning is deployed in EPC. These steps are never present when the solution is applied to I-WLAN mobility architecture as per 3GPP TS 23.327 [3].
The below signaling flow shows in particular the case where the UE is first connected to a 3GPP access which is configured as Home Link, and subsequently connects via a non-3GPP access using DSMIPv6.
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Figure 7.1.2.2-1: Addition of one access to the PDN connection
1. The UE performs an attach procedure to the 3GPP access as defined in 3GPP TS 23.401, section 5.3.2 [x3]. The UE may start exchanging data through the 3GPP access.

2. The UE discovers a non-3GPP access and performs the attach procedure as per 3GPP TS 23.402, section 8.4.2, steps 2-6 [2].
3. The UE sends a DSMIPv6 Binding Update (HoA, CoA, Lifetime, BID, FID, flow description) message to the PDN GW including the requested routing rules via the FID option with both the routing filters and the BID (which includes the routing address) as specified in draft-ietf-mip6-nemo-v4traversal [x1], draft-ietf-monami6-multiplecoa [4] and draft-ietf-mext-flow-binding [5]. The UE can include more than one routing rule by including multiple FID options in the Binding Update. The DSMIPv6 Binding Update also contains an indication which indicates that the home link (3GPP access) is still connected and also the BID options which identify that one binding is associated with the home address (3GPP access) and the other with the Care-of-Address from the non-3GPP access. 

4. The PDN GW sends an IP-CAN session modification request to the PCRF. In this request, the PDN GW indicates the routing addresses for the existing SDFs (i.e. CoA for the SDFs via visited link and HoA for the SDFs via home link). The PCRF stores the mapping between each SDF and its routing address.

5. Based on the IP-CAN session modification request, the PCRF ensures that the relevant QoS rules for the SDFs are installed in the target BBERF. This is done by a GW control session and QoS rules provision procedure as specified in 3GPP TS 23.203 [x2]. 

6. Based on the successful establishment of resources at the BBERF, the PCRF sends an acknowledgement to the PDN GW, including updated PCC rules if appropriate.

7. The PDN GW sends a Binding Acknowledgment (Lifetime, HoA, CoA, BID, FID) as specified in draft-ietf-mip6-nemo-v4traversal [x1], draft-ietf-monami6-multiplecoa [4] and draft-ietf-mext-flow-binding [5], to indicate which routing rules requested by the UE are accepted.
8. Appropriate 3GPP resource release procedures are executed for those resources that were moved to the non-3GPP access. This procedure may be triggered by the PCRF via a GW control session and QoS rules provision procedure if PMIPv6 is used on S5 and it may be triggered by the PDN GW in case GTP is used on S5.
7.1.1.5.3 IP flow mobility
In this scenario, a new routing rule is activated or an existing routing rule is modified by the UE in order to move one traffic flow from one access to another access. 

The optional interaction steps between the gateways and the PCRF in the procedures only occur if dynamic policy provisioning is deployed in EPC. These steps are never present when the solution is applied to I-WLAN mobility architecture as per 3GPP TS 23.327 [3].
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Figure 7.1.2.3-1 IP Flow Mobility

9. The UE is simultaneously connected to a 3GPP and a non-3GPP access based on the procedures described in subclause 7.1.2.2. Based on current routing rules some traffic is routed through the 3GPP access and some other traffic through the non-3GPP access.
10. The UE sends a Binding Update (HoA, BID, FID) to the PDN GW to install a new or to modify an existing routing rule to route the respective traffic (identified by the included FID) through one particular access (identified by the included BID). In case of new routing rule with a new FID option, the UE includes the routing filter description. 

11. The PDN GW sends an IP-CAN session modification request to the PCRF. In this request the PDN GW indicates the updated routing address for the SDFs that are impacted by step 2. The PCRF stores the updated mapping between routing addresses and SDFs.

12. Based on the IP-CAN session modification request, the PCRF ensures that the relevant QoS rules are installed in the target BBERF . This is done by a GW control session and QoS rules provision procedure as specified in 3GPP TS 23.203 [x2]. 

13. Based on the successful establishment of resources at the BBERF, the PCRF sends an acknowledgement to the PDN GW, including updated PCC rules if appropriate.

14. The PDN GW sends a Binding Acknowledgment (Lifetime, HoA, BID, FID) as specified in draft-ietf-mip6-nemo-v4traversal [x1], draft-ietf-monami6-multiplecoa [4] and draft-ietf-mext-flow-binding [5], to indicate which routing rules requested by the UE are accepted.
15. Appropriate EPS resource release procedures are executed for those resources that were moved away from that access. This procedure may be triggered by the PCRF via a GW control session and QoS rules provision procedure if PMIPv6 is used on S5 and it may be triggered by the PDN GW in case GTP is used on S5.
7.1.1.5.4 Removal of one access from the PDN connection
In this scenario, the UE moves all traffic associated with one access to another access and disconnects from the one access (e.g. due to loss of coverage or by an explicit detach). 

The optional interaction steps between the gateways and the PCRF in the procedures only occur if dynamic policy provisioning is deployed in EPC. These steps are never present when the solution is applied to I-WLAN mobility architecture as per 3GPP TS 23.327 [3].
The below flow shows the case when the UE disconnects from the non-3GPP access and remains connected only to the 3GPP access. 
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Figure 7.1.2.4-1 removal of one access from the PDN connection

The UE is simultaneously connected to a 3GPP and a non-3GPP accesses based on the procedures described in subclause 7.1.2.2. The UE is exchanging some traffic flows through the 3GPP access and some other traffic flows through the non-3GPP access. UE detects a condition triggering disconnection from the non-3GPP access.

16. The UE sends a Binding Update (HoA, CoA, BID) to the PDN GW to update the CoA for the BID previously associated with the non-3GPP access. As the 3GPP is the home link, the CoA included in the Binding Update is set to the HoA. With this Binding Update the UE requests also to move all traffic flows previously associated with the non-3GPP access to the 3GPP access. 

NOTE:
In case the 3GPP is the home link, alternatively the UE may also send a de-registration Binding Update. If PDN GW does not keep the BID and FID associated with the non-3GPP access, the UE needs to perform the whole BID and FID registrations from scratch as soon as it connects to a new non-3GPP access again.

17. The PDN GW performs an IP-CAN session modification procedure with the PCRF. In this modification procedure the PDN GW indicates that a single routing address is used for all the SDFs.

18. The PDN GW updates the Binding Cache and the routing information and sends a Binding Acknowledgement (HoA, CoA, BID, Lifetime) to the UE. As a result the PDN GW may have two bindings which both point to the HoA (depending on the message sent by the UE in step 2).

19. Based on the IP-CAN session modification, the PCRF ensures that the relevant QoS rules are installed in the correct BBERF. This is done by a GW control session and QoS rules provision procedure as specified in 3GPP TS 23.203 [x2].
20. Appropriate resource release procedures are executed in the non-3GPP access. 

* * * Next Change * * * *
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5. IP-CAN session modification response







 







Roaming Scenario







1. UE is connected simultaneously to 3GPP and non 3GPP accesses and multiple bindings and multiple IP flows are registered at the PDN GW/HA















 







vPCRF 







4. GW control session and QoS rules provision procedure







2. Binding Update 











7. 3GPP EPS resource release







6. Binding Acknowledgement 







 







PCRF







h







 







GW 







Serving 







 







MME 







 







EUTRAN 







 















Access 







3GPP IP 







-







Non







Trusted 







 







UE







 







AAA 







 







HSS/







 







Proxy 







AAA 







 







PDN GW/



HA







 







 







3. IP-CAN session modification request
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2. IP-CAN Session Modification Procedure
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5. non-3GPP access resource release
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4. GW control session and QoS rules provision procedure
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4. IP-CAN session modification request
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1. 3GPP Attach as defined in TS 23.401, section 5.3.2
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2. Steps 2-6 of Trusted non-3GPP attach as defined in TS 23.402, section 8.4.2
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