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1. Discussion
TR 23.861 has introduced a series of solutions for NB_IFOM. Notably, NB_IFOM for S2a GTP was not included since SaMOG had not concluded its work. 
The contribution focuses on the following: 

· General concepts and procedures for UE-initiated NB_IFOM for S2a GTP

· Enabling the scenario where routing rules are provided on both WLAN and 3GPP accesses. In this proposal, the UE sends requests to move IP flows from a source access to a target access by sending the request either over the target access or always over the 3GPP access. This in order to avoid e.g. lost signalling when the radio conditions on the source access (e.g. WLAN) are degrading fast, and to e.g. avoid lost signalling when the 3GPP network has control plane congestion and traffic needs to be moved from 3GPP to WLAN. Deployments may select to send the signalling always over 3GPP whenever possible (e.g. no control plane congestion) based on operator configuration and preferences. 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).
· Enabling the ability to add an access without routing any traffic over such access. In some scenario, a device may decide or may be configured to add e.g. WLAN connectivity even if the device will not immediately route traffic over WLAN. The device may be configured to do so in order to enable fast movement of IP flows to WLAN when, according to policies, the traffic needs to be routed over WLAN. This may avoid delays due to e.g. network selection and authentication

· Enabling the ability for a device to move all the traffic from a source access to a target access (e.g. from WLAN to 3GPP access) without disconnecting the PDN connection(s) over the source access. The device may be configured to do so in order to enable fast IP flow mobility to the source access. E.g. this may happen when the conditions over the WLAN are such that policies indicate that the UE should move the traffic to 3GPP access. When the conditions return favourable for the traffic to be moved to WLAN again, the device will not need to reconnect to WLAN from scratch.

2. Proposal
It is proposed to update TR 23.861 (IFOM) as shown below to add UE-initiated NB_IFOM for S2a connectivity for trusted WLAN.
* * * First Change * * * *

7.3
IP flow mobility solutions for S2a (GTP)


7.3.1
Issues and Design Considerations

7.3.2
Solution A: UE-initiated IP flow mobility routing rules negotiated in both WLAN and 3GPP access
7.3.2.1
Overview 
7.3.2.1.1 
General
This solution is based on the following principles:

· Routing rules can be sent by the UE either:

· to the TWAG via the non-3GPP specific signalling during the initial attach and UE requested PDN connectivity as defined in TS 23.402 [X], or

· to the MME 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].
-
When routing rules signalling cannot be performed over one access (e.g. over 3GPP due to control plane congestion), the UE may select to send routing rules to the network using the other access. The UE selects over which access to send the routing rules based on operator configuration/preferences and real-time conditions (e.g. control plane congestion, quality of radio link, etc.)


Editor’s note: it is FFS how operator configuration/preferences are provided to the UE. 

-
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.
-
For the initial PDN connection establishment over 3GPP access, the NB-IFOM support is negotiated during the initial attachment and UE requested PDN connectivity procedures as defined in TS 23.401 [8] using PCO. Also, the MME NB-IFOM support is discovered during the initial attachment
Editor Note: it is FFS how discovery of MME support of NB_IFOM is performed.
-
For the initial attach over WLAN, the NB-IFOM support is negotiated during the initial attach procedure (for S2a SCM) and during the UE requested PDN connectivity procedure (for S2a MCM) as defined in TS 23.402 [X]. 
Editor Note: it is FFS what other WLCP procedures may need to be modified.

7.3.2.1.2 
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 7.4.2.1.2-1. 
Table 7.4.2.1.2-1: 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.
Upon adding an access, the UE may provide a “null” routing rule indicating that no traffic shall be routed on such access. This will enable the UE to speedily move traffic to this access when required (e.g. based on policies in the UE) without requiring authentication over the new access.
7.3.2.2
System Impacts 
7.3.2.2.1  
UE 

UE is enhanced to indicate to the PDN GW in the PCO that the UE supports NB_IFOM and to receive indication in the PCO from the PDN GW that the PDN GW supports NB_IFOM.
UE is enhanced to provide an establishment cause for the PDN establishment indicating NB_IFOM when an access is added for a PDN connection.
UE is enhanced to send routing rules in NAS to be sent to the core network.
UE is enhanced to send routing rules in S2a signalling (initial attach in case of SCM, or WLCP signalling to establish a new PDN connection in case of MCM) from the UE to the TWAG. 

Editor’s note: More study is needed to determine which NAS procedure are impacted – e.g. moving the last IP Flow from one access to another could result to detachment procedures rather than just the bearer resource modification. 
7.3.2.2.2  
MME
MME is enhanced to transport routing rules received from UE via NAS to the S-GW.
MME is enhanced to receive and process a PDN connection establishment request with an indication for NB_IFOM connectivity.
7.3.2.2.3  
S-GW
The S-GW is modified to transporting routing rules sent from the MME to the P-GW.
7.3.2.2.4  
TWAG

TWAG  is enhanced to transport routing rules received from UE via NAS to the PDN GW.
7.3.2.2.5  
P-GW
The P-GW is modified to support:
· the negotiation in PCO for the support of NB-IFOM during the UE’s during the UE requesting a new PDN connectivity and during the initial S2a attach in case of SCM. 
· to keep both GTP/PMIP tunnels with S-GW and TWAG simultaneously.
· to route the IP flow(s) by referring also the routing access type which is part of the routing rules.
7.3.2.2.6 
PCC Enhancements

PCC is enhanced to support:

-
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.
-
to enhance PCRF to receive update from PDN GW about 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;
Editor’s Notes: It is expected that the above enhancements can be achieved by re-using the PCC procedures defined for S2c-based IP flow mobility by replacing routing address with routing access type.
7.3.2.3
Flows
7.3.2.3.1
 Initial PDN connection establishment over first access

7.3.2.3.1.1
PDN connection establishment over 3GPP access

The UE performs the initial PDN connection establishment over 3GPP access as specified in TS 23.401 [8] clause 5.3.2 with the following additions:
· The UE may include the routing rule in the Attach Request. The packet filter (TFT) can be used/extended to carry the routing filter. The UE includes an indication in the PCO of the support of NB_IFOM. The MME forwards the routing filter to the S-GW in the Create Session Request; 
· The S-GW sends a Create Session Request which includes the routing rule the PDN GW. The routing address for 3GPP access is the S-GW IP address;
· The PDN GW initiates the IP-CAN Session Establishment Procedure with the PCRF. In this request, if the PDN GW supports NB_IFOM, the PDN GW provides the routing rules to the PCRF:
· The PDN GW sends the Create Session Response and includes the accepted routing rule to the S-GW. If the PDN GW supports NB_IFOM, the Create Session Response contains an indication in the PCO that the PDN GW supports NB_IFOM. 

· The S-GW sends the Create Session Response with the accepted routing rule to the MME, and the MME forwards the accepted routing rule to the UE in the Attach Accept.
7.3.2.3.1.2 Initial PDN connection establishment over WLAN access

7.3.2.3.1.2.1 Single Connection Mode

The procedures are the same as described in clause 16.2.1 of TS 23.402 [2], with the following differences:
· The procedure is used also to establish PDN connectivity over WLAN for APNs already connected over 3GPP access
· In step 2, if the UE negotiates single-connection mode during the EPA authentication procedure and requests EPC access, the UE may also provide a routing rule. The packet filter (TFT) can be used/extended to carry the routing filter. The UE includes also an indication in the PCO of the support of NB_IFOM. In step 3 the TWAN forwards the routing filter to the PDN GW in the Create Session Request
· In step 4, the PDN GW initiates the IP-CAN Session Establishment Procedure with the PCRF. In this request, if the PDN GW supports NB_IFOM, the PDN GW provides the routing rules to the PCRF;
· In steps 6 to 8, the PDN GW sends the Create Session Response which includes the accepted routing rule to the TWAN. If the PDN GW supports NB_IFOM, the Create Session Response contains an indication in the PCO that the PDN GW supports NB_IFOM. 

7.3.2.3.1.2.2 Multi- Connection Mode

The UE attaches to WLAN using the procedure described in clause 16.2.1 of TS 23.402 [2] and negotiates for multi-connection mode. If multi-connection mode is authorized by the network, the UE performs the procedure in clause 16.8.1 of TS 23.402 [2] with the following difference:

· The UE may include the routing rule in the WLCP PDN Connection Request in step 1. The packet filter (TFT) can be used/extended to carry the routing filter. The UE includes an indication in the PCO of the support of NB_IFOM. The TWAN forwards the routing filter to the PDN GW in the Create Session Request; 
· The PDN GW initiates the IP-CAN Session Establishment Procedure with the PCRF. In this request, if the PDN GW supports NB_IFOM, the PDN GW provides the routing rules to the PCRF:
· The PDN GW sends the Create Session Response which includes the accepted routing rule to the TWAN. If the PDN GW supports NB_IFOM, the Create Session Response contains an indication in the PCO that the PDN GW supports NB_IFOM, and the TWAN forwards the accepted routing rule to the UE in the WLCP PDN Connection Response.
7.3.2.3.2
Addition of one access
7.3.2.3.2.1
Addition of WLAN access
The UE has successfully attached to 3GPP access and established a PDN connection over 3GPP access using GTP as described in clause 7.3.2.3.1.1. 

Subsequently the UE performs the WLAN attachment, and requests to establish a PDN connection using the same APN using the procedure described in 7.3.2.3.1.2 with the following additions
· In single-connection mode, the UE includes a routing rule during the EAP authentication procedure. In multi-connection mode, the UE includes the routing rule in the WLCP PDN Connection Request. The routing rule may contain an indication that no traffic is to be routed over WLAN. The routing rule may contain a “null” routing rule for 3GPP access to indicate that the PDN connection over WLAN should not be disconnected. The UE includes an establishment cause indicating NB_IFOM

· Appropriate 3GPP resource release procedures are executed for the resources associated with the flows that were moved away from the 3GPP source access, based on the routing rules provided by the UE, as specified in TS 23.402 [2]. If the UE has provided a “null” routing rule for 3GPP access, the PDN GW may not release the PDN connection over 3GPP.

7.3.2.3.2.2
Addition of 3GPP access
After successfully attachment to WLAN access, the UE has established a PDN connection over WLAN as described in clause 7.3.2.3.1.2. 
Subsequently, the UE performs the initial attachment procedure over a 3GPP access (if not already attached) and establishes a PDN connection using the same APN. The procedure is the same as specified in TS 23.401 [8] clause 5.3.2 with the following additions:
· The UE sends routing rule and UE home address (and/or HO indication) in the Attach Request. The packet filter (TFT) can be used/extended to carry the routing filter. The UE includes an establishment cause indicating NB_IFOM. The MME forwards the routing filter to the S-GW in the Create Session Request. The routing rule may contain a “null” routing rule to indicate that no traffic is to be routed over 3GPP; 
· The S-GW sends the Create Session Request which includes the routing rule to the PDN GW. The routing address for 3GPP access is the S-GW IP address;
· The PDN GW initiates the IP-CAN Session Modification Procedure with the PCRF. In this request, the PDN GW provides the routing rules to the PCRF:
· The PDN GW allocates to the UE the same IP address as that for the PDN connection the UE has established over WLAN access. The PDN GW records the IP flow routing rule in its bearer context table. The PDN GW links the flow(s) established over 3GPP access to the (flow(s) of the same) PDN connection established over WLAN access, i.e. using the same entry in the EPS bearer context table, or creating a new entry in the EPS bearer context table and linking these two entries. The PDN GW then sends the Create Session Response which includes the accepted routing rule to the S-GW: 

· The S-GW sends the Create Session Response with the accepted routing rule to the MME, and the MME forwards the accepted routing rule to the UE in the Attach Accept.
· Appropriate 3GPP bearer setup or modification procedures are executed for the resources associated with the flows that were moved onto the 3GPP access, based on the routing rules provided by the UE. If the UE has provided a “null” routing rule for WLAN access, the PDN GW may not release the PDN connection over WLAN
7.3.2.3.3
IP flow mobility
When the UE is moving IP flows from a first access to a second access, in case the UE has a single PDN connection over the first access, when the UE (e.g. based on policies) moves all traffic from e.g. WLAN to 3GPP, the UE and/or the network may or may not disconnect the PDN connection from WLAN (e.g. if WLAN is not matching anymore the conditions in the UE policies for routing traffic over WLAN), in order to avoid detach from WLAN and to enable the UE to move traffic back to WLAN without requiring authentication. In order to avoid disconnection of the PDN connection from the first access, the UE provides a “null” routing rule for such access. Upon receiving such “null” routing rule, the PDN GW does not initiate the PDN connection disconnection from such access.
7.3.2.3.3.1
IP flow mobility within a PDN connection from 3GPP access to WLAN access
7.3.2.3.3.1.1
Multi-Connection Mode

In the following signalling flow, the UE moves one or more IP flow(s) from 3GPP access to the WLAN access by updating the routing rules via WLCP and GTP procedures. The routing rule is applied in WLAN access in this case.
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Figure 7.3.2.3.3.1.1-1: IP flow mobility within a PDN connection initiated over WLAN access in multi-connection mode
1.
The UE is connected simultaneously to 3GPP and non-3GPP accesses and establishes multiple IP flows of the same PDN connection as described in clauses 7.3.2.3.1and 7.3.2.3.2.

2.
The UE sends to the TWAN a WLCP request, which includes the updated routing rule requested by the UE. The routing rule may contain a “null” routing rule for 3GPP access to indicate that the PDN connection over the 3GPP access should not be disconnected.
Editor’s Notes: It is FFS whether one of the existing WLCP messages can be re-used of if new WLCP messages need to be defined.

3.
The TWAN sends a Bearer Resource Command message to the PDN GW. The message includes the updated routing rule. 
4. The PDN GW initiates the IP-CAN Session Modification Procedure with the PCRF. In this request, the PDN GW provides the updated routing rules to the PCRF:
5.
The PDN GW sends to the TWAN an Update Bearer Request which includes the accepted routing rule.

6.
The TWAN sends an Update Bearer Response to the PDN GW.

7
The TWAN sends a WLCP Response with the accepted routing rule to the UE.
8-9.Appropriate non-3GPP bearer setup or modification procedures are executed for the resources associated with the flows that were moved onto the WLAN access. If the UE has provided a “null” routing rule for 3GPP access, the PDN GW may not release the PDN connection over 3GPP.

7.3.2.3.3.1.1
Single-Connection Mode

The UE moves one or more IP flow(s) from 3GPP  access to the WLAN access by updating the routing rules via EAP signalling. The routing rule is applied in WLAN access in this case. The procedure is the same as 7.3.2.3.3.1.1, but EAP signalling is used to send the updated routing rule.

Editor’s Notes: It is FFS how to send the updated routing rule with EAP signalling.

7.3.2.3.3.2
IP flow mobility within a PDN connection from WLAN access to 3GPP access
The UE can initiate moving one or more IP flow(s) from WLAN access to 3GPP access as specified in TS 23.401 [8] clause 5.4.5 with the following additions, the routing rule is applied via 3GPP access in this case:
· The UE sends the routing rule and the changed packet filter information can be used/extended to indicate the modified routing filter. The routing rule may contain a “null” routing rule for WLAN access to indicate that the PDN connection over WLAN should not be disconnected. The MME forwards the modified routing filter to the S-GW in the Bearer Resource Command.
· The MME sends the Bearer Resource Command including the modified routing rule to the S-GW. The S-GW then sends the Bearer Resource Command which includes the modified routing rule) to the PDN GW. The routing address for 3GPP access is the S-GW IP address;
· The PDN GW initiates the IP-CAN Session Modification procedure and provides the modified routing rules to the PCRF:
· The PDN GW sends to the S-GW the accepted routing rule, which is forward to UE by the S-GW via the MME using the corresponding bearer modification procedure in step 5.
· Appropriate 3GPP resource release/allocation procedures are executed for the resources associated with the flows that were removed, modified or added in the 3GPP access. If the UE has provided a “null” routing rule for WLAN access, the PDN GW may not release the PDN connection over WLAN.

7.3.2.3.4
Removal of one access
When the UE disconnects from the non-3GPP access and remains connected only to the 3GPP access, refer to TS23.402 clause 16.3.1.1. 
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. 
NOTE: 
If the UE wants to keep the IP flows from an access which is to be detached, the procedure specified in 7.3.2.3.3.1 or 7.3.2.3.3.2 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.
7.3.2.3.5
Addition of one access for multiple PDN connections to the same APN

Editor’s Notes: to be defined.
* * * End of Change * * * *
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