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1 Introduction
This document proposes a solution (further referred to as Forward Attachment Function-based solution) that can minimize the service interruption during mobile WiMAX / 3GPP handover for UEs supporting single radio capability. Such UEs cannot transmit simultaneously on both WiMAX and 3GPP access so they cannot utilize the dual-radio handover procedures specified in TS 23.402 section 5.6.1.2 (Handovers without Optimizations Between 3GPP Accesses and Trusted Non-3GPP Accesses) to achieve service continuity and provide uninterrupted user experience. The FAF-based solution proposed in this document solves this issue by specifying optimizations to WiMAX/3GPP handover specifically applicable to single radio UEs.

The Forward Attachment Function (FAF)-based solution has been debated in SA2 for a long time. It has been presented, revised and extensively discussed in the past three SA2 meetings (see e.g. S2-073232, S2-073821, S2-073829, S2-073882, S2-073932, S2-074159, S2-074659, S2-074766, S2-074792, S2-075605).

The proposal as described in this document is the same as the one discussed in SA2#61 (Ljubljana) where no technical issues were identified. It is the opinion of this document’s source companies that further unnecessary delay by a minority of members is unacceptable based on the grounds of debating already agreed 3GPP requirements.

2 Motivation

The motivation behind the proposed solution is described in SP-070885.
1. Complete TS 23.402 by addressing the open issues relating to WiMAX/3GPP interworking:
· TS 23.402 contains two separate sub-sections (5.6.3.1 and 5.6.3.2) for specifying handover optimizations applicable to E-UTRAN/CDMA2000 and Mobile WiMAX/3GPP accesses respectively. Optimizations that enable minimum service interruption during E-UTRAN/CDMA2000 handover for single radio UEs have been incorporated in sub-section 5.6.3.1. However, the corresponding optimizations for minimizing the service interruption during mobile WiMAX / 3GPP handover are still an open issue. The solution proposed in this document deals with this open issue and proposes text for the empty section 5.6.3.2.
2. Meet the currently agreed requirements:
· The key stage-1 and stage-2 requirements that drive the need for the proposed solution are enlisted below.

1) TS 23.402 section 4.1.2:

4.1.2 General Concepts for interworking between 3GPP Accesses and WiMAX

The mobility management procedures specified to handle mobility between 3GPP Accesses and WiMAX (as required by TS 22.278 [20]) shall include mechanisms to minimize the service interruption during handover and where possible support bidirectional service continuity.

-
This applies to UEs supporting either single or dual radio capability.
-
The mobility management procedures should minimize any performance impacts to the UE and the respective accesses, for example, UE battery consumption and network throughput.

-
The mobility management procedures should minimize the coupling between the different accesses allowing independent protocol evolution in each access.

Furthermore, the mobility management procedures specified to handle mobility between 3GPP accesses and WiMAX should minimize the impact on legacy systems (i.e. UTRAN and GERAN).

2) TS 22.278 section 7.1.4.4:

7.1.4.4 Service continuity between 3GPP and WiMAX access on Evolved Packet Core

The Evolved Packet System shall support bidirectional service continuity between WiMAX (IEEE 802.16e-2005 [19] profiles defined by the WiMAX Forum [20]) and GERAN PS.

The Evolved Packet System shall support bidirectional service continuity between WiMAX (IEEE 802.16e-2005 [19] profiles defined by the WiMAX Forum [20]) and UTRAN PS.
The Evolved Packet System shall support bidirectional service continuity between WiMAX (IEEE 802.16e-2005 [19] profiles defined by the WiMAX Forum [20]) and E-UTRAN.
NOTE: The above requirements assume that the service continuity takes place through the Evolved Packet Core.

3) TS 22.278 section 5:
The evolved 3GPP system shall support service continuity between 3GPP access systems and also between 3GPP access systems and non 3GPP access systems whether the UE supports simultaneous radio transmission or not.
4) TS 22.278 sections 7.1.4.1 and 7.1.4.2:

It shall be possible to support Inter-PLMN handover with seamless service continuity within a 3GPP specified access system (UTRAN, E-UTRAN).

…/

To support service continuity of an established voice call a UE shall not be required to support simultaneous radio transmission via different 3GPP defined RATs.
3 Status of the proposal

As discussed above, the FAF-based solution has been debated in SA2 for a long time and has been presented, revised and extensively discussed in the past three SA2 meetings as well as in two conference calls that were attended by all interested companies. The FAF-base solution was lastly presented at SA2#61 meeting (see S2-075605) and no technical issues were identified.

The solution is considered mature enough and approximately 80% complete. If it is accepted, it is expected that the stage-2 aspects will be finalized within the next two SA2 meetings.
4
General Aspects of the Proposed Solution
Q1: What are the main characteristics of the proposed FAF-based solution?

The proposed solution is characterized by that: 

(i) the service continuity during mobile WiMAX/3GPP handover takes place through the Evolved Packet Core;

(ii) no impact on the SGSN or other 2G/3G core network element;

(iii) the impact on UTRAN and GERAN accesses is minimized (especially when the handover is initiated by the UE);

(iv) the impact on currently defined EPC network elements and interfaces is minimized;
(v) the coupling between the 3GPP accesses and the mobile WiMAX IP access is also minimized; and
(vi) enables handover from mobile WiMAX to E-UTRAN or UTRAN or GERAN.
Q2: How is the optimized handover performed?

The proposed handover procedures and the architecture are symmetrical, i.e. the same concepts and procedures are used in both directions of handover. 

In the mobile WiMAX to 3GPP direction (see Fig. 1) the UE communicates securely over the WiMAX use plane with a Forward Attachment Function logically inside the EPC (FAFg). The reference point that corresponds to the secure UE-FAFg communication over mobile WiMAX is designated as X200. By means of this secure communication the UE can pre-register to EPC for 3GPP access and can initiate the preparation of 3GPP resources before the handover to 3GPP access.

In the mobile WiMAX to 3GPP direction (see Fig. 1) the FAFg behaves like an eNB and exposes a normal S1-MME towards the MME. The complete signalling flow can be found in the flow shown below (see proposed changed). 

In the 3GPP to mobile WiMAX direction (see Fig. 2) the UE communicates securely over the EPS use plane with a Forward Attachment Function logically inside the WiMAX access (FAFw). The reference point that corresponds to the secure UE-FAFw communication over EPS is designated as X201. By means of this secure communication the UE can pre-register to EPC for mobile WiMAX access and can initiate the preparation of WiMAX resources before the handover to WiMAX access.

In the 3GPP to mobile WiMAX direction (see Fig. 2) the behaviour of FAFw is outside the scope of 3GPP. Also, the specification of X201 is outside the scope of 3GPP.
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Fig 1: Handover from mobile WiMAX access to 3GPP access
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Fig 2: Handover from 3GPP access to mobile WiMAX access


Q3: What is the proposed architecture?

The consolidated architecture is illustrated below in Fig. 3 below. It uses a new logical element in the network called FAF, which combines the FAFg and FAFw logical components shown in Fig. 1 and Fig. 2. The interface X200/X201 is not mandated in the UE – it is required only in UEs that support optimized handover between mobile WiMAX access and 3GPP access. Also, the FAF is not mandated in the network – it is required only when the network operator wants to support optimized handover between mobile WiMAX access and 3GPP access.

The specification of X101 is outside the scope of 3GPP. X101 can be based on an existing or evolved WiMAX reference point (e.g. R4/R6) and its capabilities are based on the capabilities of this reference point. 
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Fig 3: Architecture for optimized handovers with mobile WiMAX (FAF combines FAFg and FAFw)
Q4: What needs to be standardized by 3GPP?

· The FAF discovery mechanism

· The mechanisms to secure the communication between the UE and FAF
· The procedures over X200 for conducting the handover from mobile WiMAX to 3GPP (the other direction of handover is outside the scope of 3GPP)

· The behaviour of UE and FAF for conducting the handover from mobile WiMAX to 3GPP (the other direction of handover is outside the scope of 3GPP)

5
Proposal

SA#38 Plenary are asked to make a decision on this proposal either by 
1)       Consensus 
2)       Formal Vote
3)       Agreeing a clear majority decision
In consequence:
a) Introduce the following text proposed in this contribution to TS 23.402 v 2.0.0 prior to approval at this plenary, or 
b) Provide guidance to SA2 to base the solution for optimised handover to mobile WiMAX to the FAF-based solution at the next SA2 round meetings.
The following changes are proposed to TS 23.402.


[1]. 
*** Start of First Change *****
5.6.3       Handover Optimizations applicable to specific accesses

<This section describes handover optimization procedures that are specific to particular accesses (3GPP and non-3GPP). Subsections may also contain details for generic optimization procedures to make them applicable to specific accesses >
5.6.3.2 
3GPP Accesses and Mobile WiMAX
5.6.3.2.1
Reference Architecture
Figure 5.6.3.2.1-1 shows the reference architecture for optimized handovers between mobile WiMAX and 3GPP access. It introduces a new logical function (FAF) and a new reference point (X200/X201) in the EPC architecture, which are used only for supporting optimized handovers between mobile WiMAX and 3GPP accesses. The S301 reference point has the same functionality as the S1-MME and terminates to the MME inside the 3GPP Access.
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Figure 5.6.3.2.1-1: Architecture for optimized handover between mobile WiMAX and 3GPP access (non-roaming and roaming with local breakout) 
Editor’s Note:
 The architecture for the roaming scenario with home routed traffic is FFS.

5.6.3.2.2
Forward Attachment Function (FAF)

The architecture for optimized mobile WiMAX / 3GPP handover is based around the Forward Attachment Function (FAF), which is a new logical function. The FAF is always located in the serving PLMN (visited or home). 

The UE communicates with the FAF over a mobile WiMAX IP access or over EPS in order to pre-register and execute handover from mobile WiMAX to a 3GPP access or vice versa. The UE may communicate with the FAF through mobile WiMAX IP access in order to prepare handover to a 3GPP access. The UE may communicate with the FAF through a 3GPP access in order to prepare handover to mobile WiMAX access.
The FAF is composed of two independent parts: One part for the WiMAX-to-3GPP handover direction and another part for 3GPP-to-WiMAX handover direction. In the WiMAX-to-3GPP handover direction the FAF emulates an eNB and can select an MME to communicate with (i.e. establish the S1-MME connection) by using the same selection rules used by an eNB. 
Note:
In the 3GPP-to-WiMAX handover direction the FAF behaviour is outside the scope of 3GPP (for example, it could emulate a WiMAX ASN entity).

When the FAF is located in the HPLMN (non-roaming case) its address may be provisioned to the UE or may be discovered through a DNS query. When the FAF is located in the VPLMN (roaming case) it may be discovered through a DNS query. 

Editor’s note: The details of FAF discovery are FFS. In the 3GPP-to-WiMAX handover direction, the FAF may be accessible over a specific APN or over a number of APNs (as required by the operator policies).
5.6.3.2.3
Reference Points

The reference points illustrated in Figure 5.6.3.2.1-1 are discussed below. The other reference points are documented in clause 4.5 and in TS 23.401 [4].

X200/X201:
This reference point supports secure communication between the UE and the FAF through the evolved packet system (X200) or through the mobile WiMAX IP access (X201). It is used for pre-registration and for requesting resource preparation in the target access network. The security aspects of this reference point are FFS. 
Note 1: 
The specification of X201 is outside the scope of 3GPP. 
S301:
This reference point has the same functionality as the S1-MME (described in TS 23.401 [4]) and terminates to the MME inside the 3GPP Access.

X101:
This reference point is used for handover from 3GPP access to mobile WiMAX in order to reserve the appropriate resources in the target WiMAX ASN. 
Note 2: 
The specification of X101 is outside the scope of 3GPP. X101 can be based on an existing or evolved WiMAX reference point (e.g. R4/R6) and its capabilities are based on the capabilities of this reference point.

5.6.3.2.4
Signalling flow for mobile WiMAX to 3GPP optimized handover

Figure 5.6.3.2.4-1 shows a signalling flow for mobile WiMAX to 3GPP optimized handover. This signalling flow is characterized by the following:

a)
It allows the handover to 3GPP access to be initiated either by the UE or by the WiMAX access network.

b)
Before the handover, the UE pre-registers (i.e. attaches) to EPC for 3GPP access by communicating with the FAF over a secure IP tunnel through the WiMAX user plane (see steps 4-8). The authentication procedures for this secure IP tunnel are FFS.

c)
The pre-registration and handover are separate procedures, i.e. the pre-registration can be executed well in advance of handover (this expedites the handover procedure and reduces the service interruption).

Note:
It is also possible to execute the pre-registration and handover together, i.e. combine the two procedures. In this case, step 9 in the Figure 5.6.3.2.4-1 is not required.

d)
The UE can discover neighbour 3GPP cells while operating on mobile WiMAX access. This can be achieved with background scanning (e.g. when the UE has a dual-receive configuration) or by receiving the neighbour cell information from the network (e.g. via a user-plane mechanism or via a cell broadcast mechanism).

e)
The UE can measure neighbour 3GPP cells while operating on mobile WiMAX access. This can be achieved with background measurements (e.g. when the UE has a dual-receive configuration) or by scheduling appropriate measurement opportunities to the UE over the mobile WiMAX access (this scheduling may require changes in the mobile WiMAX access).

f)
The S5/S8 interface is based on PMIP.

g)
The FAF emulates an eNB and exposes an S301 interface to the MME, which has the same functionality as the S1-MME (described in TS 23.401 [4]).

h)
Handover from mobile WiMAX to E-UTRAN/UTRAN/GERAN is enabled for single-radio UEs through the Evolved Packet Core (as per current requirements in TS 22.278). A single-radio UE is a UE that cannot transmit simultaneously on both WiMAX and 3GPP access so it cannot utilize the handover procedures specified in section 5.6.1.2 (Handovers without Optimizations Between 3GPP Accesses and Trusted Non-3GPP Accesses) to achieve minimum service continuity. 
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Figure 5.6.3.2.4-1: Signalling flow for mobile WiMAX to 3GPP optimized handover

The steps involved in the handover are discussed below.

1)
The UE uses a mobile WiMAX access system and is being served by PDN-GW. It is assumed that the mobile WiMAX network supports PMIPv6 and so a PMIPv6 tunnel has been established between the mobile WiMAX network and the PDN-GW. 

2)
The UE discovers an FAF in the serving network (if needed) by using the FAF discovery procedure. If the UE is not roaming and is provisioned with an FAF address, the FAF discovery procedure may be skipped. When the UE successfully discovers an FAF it establishes a secure connection with this FAF. After that, the UE can use the optimized procedure (described in the following steps) for pre-registration and handover to a 3GPP access.

3)
Based on some criteria, the UE decides to initiate pre-registration to EPC for 3GPP access. 

Editor’s note: The detailed criteria for initiating the pre-registration for 3GPP access are FFS. It is also FFS if the mobile WiMAX IP access can decide when pre-registration is required.

4)
The UE sends an Attach Request message to FAF encapsulated into an Access Stratum message (e.g. RRC). 

5)
The FAF selects an MME as defined in TS 23.401 (i.e. based the received S-TMSI or according to TS 23.401, clause 4.3.7.3 on "MME selection function") and forwards the Attach Request message to the selected MME over the S301 interface.

6)
The MME contacts the HSS and authenticates the UE for E-UTRAN access (see details in TS 23.401). From the MME perspective the FAF emulates an eNB and relays messages between the UE and the MME.

7)
After successful authentication, the MME performs location update procedure with HSS as specified in TS 23.401 or TS 23.060.

8)
The remainder of the EPS Attach procedure is performed according to clause 5.6.1.2.1 “Trusted Non-3GPP IP Access to 3GPP Access Handover with PMIPv6 on S2a” for the case of PMIP based S5/S8. No 3GPP radio bearer is established as the UE is still using the WiMAX radio network (i.e. the FAF never requests a radio bearer establishment). Also, no access bearer is established between the FAF and the S-GW. Since no radio and access bearer is established the PDN GW is not updated with a Proxy Binding Update and it keeps using the PMIP tunnel towards the mobile WiMAX access network. 

After the pre-registration (steps 3-8) the handover to 3GPP access may start immediately or may be delayed.

9)
In case the handover to 3GPP access is delayed after pre-registration (as shown in Figure 5.6.3.2.4-1), the UE decides when the handover is required, e.g. based on radio measurements. It is FFS if the network can also take the handover decision. 

10)
The UE sends a Service Request message (as per TS 23.401) to FAF in order to indicate that it wants to start optimized handover to 3GPP access with resource preparation. The FAF requests the UE to send the target 3GPP cell identity by sending a Measurement Control message. In response, the UE sends a Measurement Report to FAF with the desired target 3GPP cell identity. Note that the Measurement Control message is not sent to control the measurement procedure in the UE but rather to trigger the transmission of the Measurement Report message and then allow the FAF to initiate the relocation to an appropriate target cell. 
11) Depending on the received target 3GPP cell identity, the FAF sends either a Relocation Required message or a Handover Required message to the MME selected in step 5. The Relocation Required message is sent when the target 3GPP cell is an E-UTRAN cell, whereas the Handover Required message is sent when the target 3GPP cell is a UTRAN or GERAN cell. 

Editor’s note: It is FFS how the EPS dedicated bearers are setup. 

12) The 3GPP resources are reserved. When the MME receives a Relocation Required message it initiates the “inter-eNB handover with CN node relocation” procedure specified in TS 23.401, clause 5.5.1. When the MME receives a Handover Required message it selects a target SGSN and initiates the “E-UTRAN to UTRAN or GERAN handover” procedure specified in TS 23.401, clause 5.5.2.1 and clause 5.5.2.3 respectively. In this case, the MME sends a Forwards Relocation Request to the target SGSN.

13) The MME sends a Relocation Command or Handover Command message to FAF (as per TS 23.401) and the FAF sends a HO Command to UE with an Access Stratum message (e.g. RRC).

14) At this step, the UE leaves the mobile WiMAX access and moves to the target 3GPP cell.

15) The UE performs the appropriate 3GPP radio access procedures and sends a HO Complete message to the target 3GPP access. Subsequently, a Relocation Complete message is sent to MME (for handover to E-UTRAN) or a Forward Relocation Complete message is sent to MME (for handover to UTRAN or GERAN). In the latter case, the MME responds with a Forward Relocation Complete Ack message.

16) After a successful relocation/handover, the MME sends an Update Bearer Request to the selected S-GW (for handover to E-UTRAN), or the SGSN sends an Update PDP Context Request to the selected S-GW (for handover to GERAN / UTRAN).

17) The S-GW sends a Proxy Binding Update to the PDN-GW. The PDN-GW sends an “Modification of IP-CAN session” message to the PCRF (see steps B.2, B.3 in clause 5.6.1.2.1.2) to obtain the rules required for the PDN-GW to function as a PCEF for all the active sessions the UE has established as a result of the handover procedure. The PCRF responds with an “Acknowledge IP-CAN Session Modification” message including QoS policy and charging rules enabling the PDN-GW to perform as PCEF. The PDN-GW sends to S-GW a Proxy Binding Update Ack.

18) The S-GW responds to MME with an Update Bearer Response message (for handover to E-UTRAN), or the S-GW responds to SGSN with an Update PDP Context Response message (for handover to GERAN / UTRAN).
19) The UE starts the Tracking Area Update procedure (for handover to E-UTRAN), or the UE starts the Routing Area Update procedure (for handover to GERAN / UTRAN).

Editor’s note: It is FFS how the mobile WiMAX resources are released. 

*** End of Change ****





























































































