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This papers clarifies the changes and/or clarifications that are needed in the detach procedures to properly support the scenarios where the UE is simultaneously connected to multiple access systems and is routing different PDN connections over different access systems.
1. Discussion
One of the objectives of the MAPIM Study Item is to enable routing of different simultaneously active PDN connections through different access systems. An example is the case of a dual-radio UE that is simultaneously connected to the Internet and to a corporate network, with the Internet connection routed over a domestic or public WiFi hotspot and the connection to the corporate network routed over a 3GPP access, like HSPA.
Annex A of TR 23.861 already clarifies how the attach and handover procedures specified in TS 23.401 and TS 23.402 have to be updated to enable this functionality. The paper aims at completing the work clarifying the impacts on detach procedures.

1.1
UE initiated detach
If the UE is simultaneously connected to multiple access systems, the following scenarios relevant for UE initiated detach can be identified:
1) The UE is detaching from the Evolved Packet System (EPS), e.g. the UE is powering off.

2) The UE is just disconnecting from one of the active access systems. This includes the following cases:

2a)
The UE is switching off one of its radio interfaces and wishes to maintain connectivity to the PDN connections active on that access.

2b)
The UE is terminating the last PDN connection routed over an active access system.

2c) The UE is switching off one of its radio interfaces and does not wish to maintain connectivity to the PDN connections active on that access.

To cope with scenario (1) the UE should perform a UE-initiated detach on each of the access systems where it has active PDN connections, using the applicable procedures specified in TS 23.401 and TS 23.402.
To cope with scenario (2a) a UE that is simultaneously connected to multiple access systems should not trigger a UE-initiated detach. The UE should instead use the handover procedures specified in TS 23.402, with the extensions listed in Annex A.1.4 of TR 23.861, to transfer all the active PDN connections out of the affected access system. This also triggers the resource allocation deactivation procedure in that access system. As an example, before disabling the WiFi interface, a multimode UE that is simultaneously connected to 3GPP and WiFi should transfer to the 3GPP access all the PDN connections that were previously routed over the WiFi hotspot. This has the advantage of optimizing the user experience, since the active PDN connections are not dropped, unless there are no other active access systems where they can be transferred.
Scenario (2b) requires special care. This is due to some principles already included in TS 23.401 and to a CR that was approved at SA2 #70, that are someway conflicting with multi access PDN connectivity:
i) Section 5.10.3 of TS 23.401 clarifies that the UE shall not use the UE initiated PDN disconnection procedure to terminate the last PDN connection. The UE uses the UE-initiated detach procedure in section 5.3.8.2 to disconnect the last PDN connection. 
ii) Contribution S2-090773 (CR 0739) approved at SA2 #70 specifies that, after the MME receives the Delete Bearer Response from Serving GW, if the subscription data indicates that the user is allowed to perform handover to non-3GPP access and the MME is configured (by the operator) to notify the HSS at detach, the MME shall send a Notify Request to indicate that the HSS shall remove the APN and PDN GW identity pairs for this UE. As a result the HSS removes all APN and PDN GW identity pairs that were dynamically stored and sends a Notify Response to the MME. The notification to the HSS at detach is needed to enable network-triggered re-establishment of PDN connections upon handover to a trusted non-3GPP access with PMIPv6 on S2a.

Points (i) and (ii) above create troubles if the UE is simultaneously connected to a 3GPP access and a non-3GPP access, and the UE wants to terminate the last PDN connection routed on the 3GPP access. The issue is detailed here below:
· According to point (i), the UE must necessarily use the UE-initiated detach procedure to terminate the last PDN connection routed over the 3GPP access.
· But according to point (ii), if the MME is configured to notify the HSS at detach, the UE-initiated detach procedure on the 3GPP access triggers the removal of all the APN and PDN GW identity pairs associated to the UE on the HSS, including those related the PDN connections routed over other access systems.

This is obviously unacceptable, since terminating the last PDN connection on the 3GPP access would compromise any other simultaneously active PDN connection routed over a non-3GPP access. Two possible solutions are foreseen:
a) Update TS 23.401 to clarify that the UE shall use the UE-initiated PDN disconnection procedure, instead of the UE-initiated detach procedure, in case the UE is terminating the last PDN connection active on the 3GPP access but the UE has other simultaneously active PDN connections routed over other access systems.
b) Clarify in TS 23.402 (and/or TS 23.401) that the operator shall not configure the MME to notify the HSS at detach if multi access PDN connectivity is enabled in the network.
Solution (a) would require changes to the procedures specified in TS 23.401. Those changes should be better done in Rel-8, otherwise multi access PDN connectivity, if specified in Rel-9, would fail whenever the UE connects to a Rel-8 MME/SGSN. Nonetheless, introducing those changes in Rel-8 at such a late stage of development might be very difficult, or almost impossible.

Solution (b) does not have any impact on the procedures already specified in TS 23.401 and TS 23.402, in fact HSS notification at detach is already indicated as being optional and subject to operator’s configuration. Moreover, solution (b) is going to be needed in any case to deal with MME-initiated, or SGSN-initiated, detach, as explained in the following section.
It is therefore proposed to endorse solution (b).

Scenario (2c) is very similar to scenario (2b), since the UE will disconnect all the PDNs and detach; therefore the conclusion is the same.
1.2
Access initiated detach
Access initiated detach can be triggered by the MME/SGSN, if the UE is connected to a 3GPP access, and by the non-3GPP Access Gateway (AGW) or ePDG, if the UE is connected to a non-3GPP access.
If the UE is simultaneously connected to multiple access systems, access initiated detach should cause the UE to be detached only from the access system that is triggering the request, e.g. due to administrative reasons or detecting the UE’s leaving by (i.e. link-layer event specific to the access technology). The PDN connections routed over other access systems should not be affected. Therefore, in case of MME-initiated, or SGSN-initiated, detach, the MME or SGSN shall not notify the HSS, otherwise the HSS would remove also the APN and PDN GW identity pairs associated to the PDN connections routed over other access systems. This provides an additional reason for endorsing solution (b), as described at the end of the previous section.
According to the procedures currently specified in TS 23.401 and TS 23.402, and the principles described above, access initiated detach causes the termination of all the PDN connections routed over the access system that is triggering the request. If the UE is simultaneously connected to multiple access systems, an alternative would be for access initiated detach to just enforce the disconnection of the UE from the affected access system, without deregistering the active PDN connections from the PDN GW. Doing so the UE would have the chance to restore PDN connectivity over one of the other active access systems. This would improve the user experience, but it would also require the specification of new procedures. Therefore it is proposed not to go that far in TR 23.861 and preserve the architectural principles at the basis of the Rel-8 version of TS 23.402, where there is already the assumption that, if the UE is connected to a non-3GPP access and a non-3GPP access initiated detach is triggered, the UE loses all the active PDN connections, even though the UE would probably have the chance to restore PDN connectivity moving back to a 3GPP access. This is not perceived as being a problem from an operational perspective since, under normal circumstances, network initiated detach is expected to be rare.

1.3
HSS/AAA initiated detach
If the UE is simultaneously connected to multiple access systems, when the user’s subscription is removed or for other operator determined reasons the HSS should initiate a detach procedure on each of the access systems where the UE has active PDN connections. Specifically this means that:
3) If the HSS has a registered MME or SGSN associated to the UE, the HSS should trigger the HSS-initiated Detach procedure over the 3GPP access, as specified in section 5.3.8.4 of TS 23.401. The HSS uses this procedure to request the removal of a subscriber’s MM and EPS bearer at the MME and also at the SGSN if both an MME and an SGSN are registered in the HSS.
4) If the HSS also has a registered 3GPP AAA Server associated to the UE, the HSS should also trigger the HSS-initiated UE de-registration notification procedure, as specified in section 12.1.3 of TS 23.402. Using this procedure the HSS requests the 3GPP AAA Server to de-register a UE. The 3GPP AAA Server should then purge user data, set the user to not-registered and detach the UE and/or deactivate any network resources allocated to the user. In order to do that the 3GPP AAA Server starts the applicable HSS/AAA initiated detach procedure, as specified in TS 23.402.
TS 23.402 also specifies that the 3GPP AAA Server can initiate a detach procedure without being triggered by the HSS, e.g. instruction from O&M, timer for re-authentication/re-authorization expired. This procedure is applicable also to the scenarios where the UE is simultaneously connected to a 3GPP access and a non-3GPP access. As a result the UE loses non-3GPP connectivity and any PDN connection routed over the non-3GPP access is terminated. 
As a whole no specific changes are needed in the HSS/AAA initiated detach procedures specified in TS 23.401 and TS 23.402 to support multi access PDN connectivity. The existing procedures can be re-used with the clarifications listed above.
2. Proposal
Based on the considerations included in the previous section, it is proposed to capture the following principles in Annex A.1:

· A UE that is detaching from the Evolved Packet System, e.g. a UE that is powering off, performs a UE-initiated detach on each of the access systems where it has active PDN connections.
· In order to disconnect from a specific access system, e.g. due to the correspondent radio interface being switched off, and maintain the active PDN connections on that access, a UE that is simultaneously connected to multiple accesses should not use the UE-initiated detach procedure. The UE should instead transfer all of the active PDN connections out of the access system it is disconnecting from.
· If the UE is simultaneously connected to multiple accesses, a detach procedure initiated by the MME, SGSN, trusted non-3GPP access or ePDG, e.g. due to administrative reasons or detecting the UE’s leaving by, causes the UE to be detached only from the access system that is triggering the request and causes the active PDN connections on that access to be disconnected.

· If the UE is simultaneously connected to multiple access systems, when the user’s subscription is removed or for other operator determined reasons, the HSS/AAA initiates a detach procedure on each of the access systems where the UE has active PDN connections.

· If multi access PDN connectivity is enabled in the network, the MME shall not be configured to notify the HSS at detach. Specifically, after the MME receives the Delete Bearer Response from Serving GW, the MME shall not send a Notify Request to indicate that the HSS shall remove the APN and PDN GW identity pairs for this UE.
The following new text is proposed to be added to the TR 23.861.

Start of the first change
A.1.4 
Description of the impacts on TS 23.402 

For the UE to simultaneously connect to different PDNs through different access systems the following clarifications should be added to the procedures specified in TS 23.402:

-
4.8: Network Discovery and Selection

The inter-system mobility policies may be per APN.

-
4.12: Multiple PDN support

Exchange of IP traffic to multiple PDNs simultaneously over multiple accesses is also supported in the EPS. Multiple PDN connections over multiple accesses can be established to different APNs.

For multiple PDNs over multiple access the following principles apply: 
-
A UE that is detaching from the Evolved Packet System, e.g. a UE that is powering off, performs a UE-initiated detach on each of the access systems where it has active PDN connections.
-
In order to disconnect from a specific access system, e.g. due to the correspondent radio interface being switched off, and maintain the active PDN connections on that access, a UE that is simultaneously connected to multiple accesses should not use the UE-initiated detach procedure. The UE should instead transfer all of the active PDN connections out of the access system it is disconnecting from. 
-
If the UE is simultaneously connected to multiple accesses, a detach procedure initiated by the MME, SGSN, trusted non-3GPP access or ePDG, e.g. due to administrative reasons or detecting the UE’s leaving by, causes the UE to be detached only from the access system that is triggering the request and causes the active PDN connections on that access to be disconnected.

-
If the UE is simultaneously connected to multiple access systems, when the user’s subscription is removed (or for other operator determined reasons), the HSS/AAA initiates a detach procedure on each of the access systems where the UE has active PDN connections.

-
If multi access PDN connectivity is enabled in the network, the MME shall not be configured to notify the HSS at detach. Specifically, after the MME receives the Delete Bearer Response from Serving GW, the MME shall not send a Notify Request to indicate that the HSS shall remove the APN and PDN GW identity pairs for this UE.

-
5.2: Initial E-UTRAN Attach with PMIP-based S5 or S8


This procedure is also used to establish a PDN connection over E-UTRAN with PMIP based S5 or S8 when the UE already has active PDN connections over some non-3GPP access network and wants to establish simultaneous PDN connections over multiple accesses.
-
5.6.1: UE requested PDN connectivity with PMIP-based S5 or S8


This procedure is also used for re-establishment of existing PDN connectivity when UE is transferring PDN connections from another access to 3GPP access and where active PDN connections over 3GPP access already exist.
-
6.2.1: Initial Attach Procedure with PMIPv6 on S2a and Anchoring in PDN GW

This procedure is also used to establish a PDN connection over a trusted non-3GPP access with S2a when the UE already has active PDN connections over a 3GPP access and wants to establish simultaneous PDN connections over multiple accesses.
-
6.2.3: Initial Attach procedure with MIPv4 FACoA on S2a and Anchoring in PDN GW


This procedure is also used to establish a PDN connection over a trusted non-3GPP access with MIPv4 FACoA on S2a when the UE already has active PDN connections over a 3GPP access and wants to establish simultaneous PDN connections over multiple accesses.
-
6.3: Initial Attach Procedure with DSMIPv6 on S2c in Trusted Non-3GPP IP Access


This procedure is also used to establish a PDN connection over a trusted non-3GPP access with DSMIPv6 on S2c when the UE already has active PDN connections over a 3GPP access and wants to establish simultaneous PDN connections over multiple accesses.
-
6.8.1: UE-initiated Connectivity to Additional PDN with PMIPv6 on S2a


This procedure is also used for re-establishment of existing PDN connectivity when the UE is transferring PDN connections from another access to a trusted non-3GPP access with PMIPv6 on S2a and where active PDN connections over this trusted non-3GPP access already exist.

This applies to both Non-Roaming, Home Routed Roaming and Local Breakout Case and Chained PMIP-based S8-S2a Roaming Case.
-
6.8.2: UE-initiated Connectivity to Additional PDN with MIPv4 FACoA on S2a 

These procedures are also used for re-establishment of existing PDN connectivity when the UE is transferring PDN connections from another access to a trusted non-3GPP access with MIPv4 FACoA on S2a and where active PDN connections over this trusted non-3GPP access already exist.

-
7.2.1: Initial Attach with PMIPv6 on S2b


This procedure is also used to establish a PDN connection over an untrusted non-3GPP access with PMIPv6 on S2b when the UE already has active PDN connections over a 3GPP access and wants to establish simultaneous PDN connections over multiple accesses.

-
7.3: Initial Attach Procedure for S2c in Untrusted Non-3GPP IP Access


This procedure is also used to establish a PDN connection over an untrusted non-3GPP access with DSMIPv6 on S2c when the UE already has active PDN connections over a 3GPP access and wants to establish simultaneous PDN connections over multiple accesses.

-
7.6.1: UE-initiated Connectivity to Additional PDN with PMIPv6 on S2b


This procedure is also used for re-establishment of existing PDN connectivity when UE is transferring PDN connections from another access to an untrusted non-3GPP access with PMIPv6 on S2b and where active PDN connections over this untrusted non-3GPP access already exist.
-
7.6.2: UE-initiated Connectivity to Additional PDN with DSMIPv6 on S2c

This procedure is also used for re-establishment of existing PDN connectivity when UE is transferring PDN connections from another access to an untrusted non-3GPP access with DSMIPv6 on S2c and where active PDN connections over this untrusted non-3GPP access already exists.

-
8.1: Common Aspects for Handover without Optimizations for Multiple PDNs


The procedures described in this section can also be used by the UE to handover a subset of PDN connections from one access to another as well as to transfer all the PDN connections out of a certain access when UE is connected over multiple accesses simultaneously.

-
8.2.1.1: Handover from Trusted or Untrusted Non-3GPP IP Access to 3GPP Access on S2a/S2b, General Procedure for GTP based S5/S8 for E-UTRAN Access


If the UE is connected over both 3GPP access and non-3GPP access before the handover of PDN connections to 3GPP access is triggered, then the UE shall skip steps 2 to 16 and only perform steps 17 and 18 for each PDN connection that is being transferred from non-3GPP access.

-
8.2.1.2: Handover from Trusted or Untrusted Non-3GPP IP Access to 3GPP Access on S2a/S2b, Using PMIP-based S5/S8

If the UE is connected over both 3GPP access and non-3GPP access before the handover of PDN connections to 3GPP access is triggered, then the UE shall skip steps 2 to 16 and only perform steps 17 and 18 for each PDN connection that is being transferred from non-3GPP access.

-
8.2.1.3: Handover from Trusted or Untrusted Non-3GPP IP Access to 3GPP Access on S2a/S2b, General Procedure for GTP-based S5/S8 for UTRAN/GERAN


If the UE is connected over both 3GPP access and non-3GPP access before the handover of PDN connections to 3GPP access is triggered, then the UE shall skip steps 2 to 6 and only perform the steps after step 7 for each PDN connection that is being transferred from non-3GPP access.

-
8.2.1.4: Handover from Trusted or Untrusted Non-3GPP IP Access to 3GPP Access on S2a/S2b, Using PMIP-based S5/S8


If the UE is connected over both 3GPP access and non-3GPP access before the handover of PDN connections to 3GPP access is triggered, then the UE shall skip steps 2 to 6 and only perform the steps after step 7 for each PDN connection that is being transferred from non-3GPP access.
-
8.2.2: 3GPP Access to Trusted Non-3GPP IP Access Handover with PMIPv6 on S2a


If the UE is connected over both 3GPP access and non-3GPP access before the handover of PDN connections to trusted non-3GPP access is triggered, then the UE shall skip steps 2 to 10 and only perform steps 11 and 12 for each PDN connection that is being transferred from 3GPP access.

In step 4 the UE shall provide an APN to the network if the UE wants to partially handover the PDN connections from 3GPP to non-3GPP access network.

The non-3GPP access shall not attempt to reconnect the UE to multiple PDNs if the UE provides an APN upon handover attach in the non-3GPP access, since that is considered an implicit indication that the UE will establish connectivity with the remaining PDNs using the UE-initiated procedure.

-
8.2.3: E-UTRAN to Untrusted Non-3GPP IP Access Handover with PMIPv6 on S2b


If the UE is connected over both 3GPP access and non-3GPP access before the handover of PDN connections to untrusted non-3GPP access is triggered, then the UE shall perform steps 3 to 9 for each PDN connection that is being transferred from 3GPP access.

-
8.4.1: Trusted or Untrusted Non-3GPP IP Access to 3GPP Access Handover with DSMIPv6 over S2c


If UE is already connected to 3GPP access when UE decides to handover, then the UE just performs step 17 and 18 of section 8.2.1 for each PDN connection that UE transfers from non-3GPP access

-
8.4.2: 3GPP Access to Trusted Non-3GPP IP Access Handover with DSMIPv6 over S2c


If the UE is connected over both 3GPP access and non-3GPP access before the handover of PDN connections to trusted non-3GPP access is triggered, then the UE shall skip steps 2 to 5 and only perform steps 6 to 12 for each PDN connection that is being transferred from 3GPP access.
-
8.4.3: 3GPP Access to Untrusted Non-3GPP IP Access Handover with DSMIPv6 over S2c


If the UE is connected over both 3GPP access and non-3GPP access before the handover of PDN connections to untrusted non-3GPP access is triggered, then the UE shall skip steps 2 to 5 and only perform steps 6 to 12 for each PDN connection that is being transferred from 3GPP access.

-
12: Interactions Between HSS and AAA Server


A new procedure allowing the HSS/AAA to update the PDN context on the AGW/ePDG when UE is simultaneously connected over 3GPP and non-3GPP accesses and the UE adds, or removes, a PDN connection over the 3GPP access shall be added (see clause A.X.K)
End of the first change
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