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Abstract of the contribution: 
This contribution proposes the common SAE GW resolution mechanism taking the mobility between 3GPP and non3GPP access systems into consideration.
1. Introduction
In the GPRS, the GGSN is selected based on the APN information by the SGSN. The selected GGSN information is stored at the SGSN but not in the HSS or other entity maintaining UE profiles. This is because, in GRPS, Gn interface can provide the context transfer including the GGSN information between SGSNs and the central node managing UE information, e.g. HSS, does not need to be aware of such dynamically allocated UE information.

On the other hand, in the SAE, the inter radio access system mobility, especially mobility between 3GPP and non3GPP accesses where no direct IF for context transfer exists, shall be supported. This requires the SAE to have a functionality to maintain the allocated SAE GW information in a network entity where both access systems can be accessible. This is the important function to enable the handover with the change of the associated radio access systems.
This contribution analyzes the handover scenarios in order to clarify what information needs to be taken over in the inter access system mobility. To solve the issues identified in this analysis, two solutions for SAE GW information maintenance are explained and the pros and cons are evaluated.
Through the evaluation this contribution concludes that the AAA based SAE GW information maintenance mechanism shall be adopted.

2. Handover scenarios and the SAE GW information
In the SAE, there are several scenarios of handover. The figure below shows the simplified non-roaming and roaming architectures as depicted in TS23.401/402 focusing on the user data transport related entities.
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Figure 1. Non-Roaming and Roaming SAE Architectures
The following table shows the handover scenarios and the SAE GW information that needs to be taken over.

Note that in the above figures and below table, WLAN and ePDG are described as an example of non3GPP access system and its gateway entity. The same statements can be applicable for other non3GPP access systems via S2a/b.
Table 1. Handover Scenarios and SAE GW Information to be Taken Over
	Case
	Handover Scenario
	Nodes address to be taken over
	Description
	Need Solution?

	1
	3G (( WLAN

(non-roaming)
	PDN SAE-GW
	The same PDN SAE-GW information needs to be taken over by the Serving SAE GW and ePDG.

There is no direct interface to transfer this information, thus a solution is required for this issue.
	Yes

	2
	3G (( LTE

(non-roaming)
	Serving SAE-GW
	The same Serving SAE-GW information needs to be taken over by the SGSN and MME. 

This can be achieved by context transfer using S3 IF.
	No

	3
	LTE (( WLAN

(non-roaming)
	PDN SAE-GW
	The same PDN SAE-GW information needs to be taken over by the Serving SAE GW and ePDG .

There is no direct interface to transfer this information, thus a solution is required for this issue.
	Yes

	4
	3G (( WLAN

(roaming)
	PDN SAE-GW or Serving SAE-GW
	In case that WLAN is accommodated via VPLMN, the same Serving SAE-GW information needs to be taken over by the SGSN and ePDG.
In case that WLAN is accommodated via HPLMN, the same PDN SAE-GW information needs to be taken over by the Serving SAE GW and ePDG.
There is no direct interfaces to transfer above information, thus a solution is required for this issue.
	Yes

	5
	3G (( LTE

(roaming)
	Serving SAE-GW
	The same Serving SAE-GW information needs to be taken over by the SGSN and MME. 

This can be achieved by context transfer using S3.
	No

	6
	LTE (( WLAN

(roaming)
	PDN SAE-GW or Serving SAE-GW
	In case that WLAN is accommodated via VPLMN, the same Serving SAE-GW information needs to be taken over by the MME and ePDG.

In case that WLAN is accommodated via HPLMN, the same PDN SAE-GW information needs to be taken over by the Serving SAE GW and ePDG.
There is no direct interfaces to transfer above information, thus a solution is required for this issue.
	Yes


As described in the above table, mobility between 3G and non3GPP access, e.g. case 1,3,4,6, needs a functionality that enables the Serving SAE GW, SGSN, MME and non3GPP access gateway entities, e.g. ePDG, to share the same SAE GW information during the handover.
3. Maintenance of selected SAE GW information
In order for the network entities, e.g. MME, SGSN, ePDG, to select the same SAE GWs in the handover scenario, an network entity independent from access systems needs to maintain the selected SAE GW information and inform it to necessary entities.
Considering the SAE architecture described in the TS23.401 and TS23.402, there are two candidate network entities to store such dynamically assigned information, i.e. HSS and AAA.

Following figures1 to 4 illustrate the mechanism using HSS or AAA to store and provide SAE GW information in both non-roaming and roaming scenarios.

Note that procedures in below figures are only SAE GW selection/registration/resolution related and others are omitted for explanation purpose.
Alternative 1: HSS maintains SAE GW information
Figure 2 and 3 describes the SAE GW selection/registration/resolution procedures in case of HSS maintains the SAE GW information. Figure 2 illustrates the case of non-roaming, and figure 3 is that of roaming. The example scenario is that UE establish the PDN connection at 3G access and moves to LTE and non3GPP access via ePDG.
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Figure 2. SAE GW information stored at HSS in the non-roaming scenario
In the non-roaming case, only the PDN SAE GW needs to be registered at the HSS as the serving SAE GW information can be transferred between SGSN and MME in case of inter 3GPP RAT handover. In addition, non3GPP accesses does not connect to the serving SAE GW so that this information need not to be registered.

For non3GPP access, ePDG need to resolve the PDN SAE-GW information via AAA server in order to minimize the change from the I-WLAN specification (TS23.234).
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Figure 3. SAE GW information stored at HSS in the roaming scenario
In the roaming case, both the PDN SAE GW and serving SAE GW need to be registered at the HSS as the ePDG may connect to the serving SAE GW.

If the non3GPP access connects to serving SAE GW, ePDG needs to contact with HSS via AAA to resolve the serving SAE GW to connect. This might take time as the signaling needs to travel all the way back to the HPLMN even the mobility event happens within the VPLMN.
Alternative 2: AAA maintains SAE GW information

Figure 4 and 5 describes the SAE GW selection/registration/resolution procedures in case of AAA server including AAA proxy maintains the SAE GW information. Figure 4 illustrates the case of non-roaming, and figure 5 is that of roaming. The example scenario is the same as figure 2 and 3, and UE establishes the PDN connection at 3G access and moves to LTE and non3GPP access via ePDG.

Note that, this scenario introduces a new IF between serving SAE GW and AAA Server/Proxy to allow SAE GW to register/resolve P-SAE GW information. 
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Figure 4. SAE GW information stored at AAA in the non-roaming scenario
The serving SAE GW registers PDN SAE GW information to the AAA server when UE establishes the PDN connection under the 3GPP radio access system.

For non3GPP access, ePDG will contact with AAA server in order to obtain the information of the PDN SAE GW to connect, and this could be combined with existing signaling specified in the I-WLAN specification (TS23.234), e.g. authentication procedure.
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Figure 5. SAE GW information stored at AAA in the roaming scenario
In order to minimize the inter PLMN signaling, figure 5 allocates new functionality to the AAA Proxy, i.e. store the SAE GW information for the UE. This enables SGSN, MME and ePDG to resolve the serving SAE GW with in the same VPLMN and reduce the delay for its resolution.
Note that this may require additional mechanism to determine the proper AAA proxy in which the information of PDN and serving SAE GWs for a given UE are maintained.
4. Comparison of alternatives
Considering the above scenarios, following descriptions can be observed.
· Minimization of HO Delay

In the non-roaming scenario, alternative 2 has the benefit for non3GPP access resolving the PDN SAE GW as only one round trip delay between ePDG and AAA server is required. 
In the roaming scenario, alternative 2 has the benefit for both 3GPP and non3GPP accesses as serving and PDN SAE GWs can be resolved only with the itra VPLMN signaling

· Prevent from HSS/AAA load increase for resolution
In the GPRS, the interaction between the HSS and SGSN only occurs in attach and inter SGSN RA update, and HSS is not involved in the bearer establishment, i.e. PDP Context Activation, procedure. Therefore, if the HSS maintains the SAE GW information, which may vary depending on accessing PDN, the load might be increase and operator would need to install more HSS equipments. 
On the other hand, AAA is specified to be used per PDN connection establishment in I-WLAN specification (TS23.234). This means the concept of the AAA and HSS is slightly different, and AAA seems to be an appropriate entity to handle PDN connection related dynamic information.

In addition, focusing on the specific case, i.e. considering the case 1 and 4 in the Table1, following statement can be also observed.

· New IF between SGSN, MME and AAA Server/Proxy
Considering the case 1and 4 with the alternative 2, SGSN and MME needs to have an IF to AAA Server/Proxy when UE moves from non3GPP access to 3G. This is because the SGSN needs to resolve the same serving SAE GW used in the non3GPP access. This might give impact on the legacy SGSN to some extent. 
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Figure 6. Case 4 with the alternative 2 (SAE GW information stored at AAA)
But even with the alternative 1, new capability would be required for SGSN in order to communicate with HSS for every PDP context activation procedure, and would need MAP enhancement. Considering SAE will be based on the future proof technologies, further extension of MAP protocol seems not be desirable.
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Figure 6. Case 4 with the alternative 2 (SAE GW information stored at HSS)
In conclusion, the alternative 2 seems a better mechanism for SAE GW selection/resolution.
Remaining Issues
In order for our efficient working progress, remaining issues related to the SAE GW selection are noted below.
· How the edge node of the radio access systems, e.g. SGSN, MME, ePDG, can determine if a PDN connection request is triggered by non handover related bearer establishment or by handover?

5. Conclusion
In this contribution, two SAE GW resolution mechanisms are introduce and compared. From the evaluation, it is the better solution that SAE GW information are maintained at AAA Server/Proxy. 

We propose to agree on above conclusion and input the following changes to TS23.401 and TS23.402, respectively.

Beginning of the Change to TS23.401

4.4.3
SAE GW

4.4.3.1
General

Two logical SAE GWs exist:

· Serving SAE GW

· PDN SAE GW

Functional split of PDN SAE GW and serving SAE GW shall be the same regardless of the use of IETF or GTP based protocols between them.
SAE GW information is stored at the 3GPP AAA Serve/Proxy.
NOTE:
The PDN SAE GW and the Serving SAE GW may be implemented in one physical node or separated physical nodes.
End of the Change to TS23.401
Beginning of the Change to TS23.402
4.4.3 
SAE GW

4.4.3.1 
General

Two logical SAE GWs exist:
· Serving SAE GW
· PDN SAE GW
SAE GW information is stored at the 3GPP AAA Serve/Proxy.
The functional split of PDN SAE GW and serving SAE GW is described in TS 23.401 [4].
End of the Change to TS23.402
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