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Abstract of the contribution: During the introduction of SIPTO@LN, couple of inaccuracies related to PDN deactivation were made in 23.401. The present contribution describes the problem and proposes as a way forward to delegate PDN deactivation to the new/target MME. Although the inaccuracies are related to the architecture with stand-alone LGW only, it is proposed that PDN deactivation from the target MME should be used for both SIPTO@LN architectures. It is also argued that the same approach could be used with LIPA.
1
Discussion
In the SA2#95 meeting two SIPTO@LN architectures have been agreed for inclusion in 23.401 and 23.060:

1) Architecture with collocated LGW/(H)eNB;

2) Architecture with stand-alone LGW.

When the UE moves out of the cell (or HeNB Local Network), the two architectures rely on different mechanisms for release of the PDN connection used for SIPTO@LN, as described in the following subclauses.
1.1
Architecture with collocated LGW/(H)eNB: Connected mode
From 23.401 clause 4.3.15a.3:
As IP data session continuity for the SIPTO at the Local Network PDN connection is not supported in this release of the specification, the SIPTO at the Local Network PDN connection shall be re-established when the UE moves away from (H)eNB. During the handover procedure, when the source (H)eNB releases its resources related to the UE, the (H)eNB shall request using intra-node signalling the collocated L-GW to re-establish the SIPTO at the Local Network PDN connection. The L-GW starts a timer. When the timer expires, the L-GW shall initiate the release of the SIPTO at the Local Network PDN connection using the PDN GW initiated bearer deactivation procedure according to clause 5.4.4.1 with the "reactivation requested" cause value.

As seen from this excerpt, the LGW starts a timer that is sufficiently long to cover the handover execution; upon timer expiry the LGW initiates the PDN deactivation procedure for the SIPTO@LN PDN connection with the “reactivation requested” cause value.

The excerpt is not explicit about the case where the target cell is controlled by a different MME (the “inter-MME case”). In the light of the discussion that follows later, it is worth clarifying that the procedure for PDN deactivation based on timer expiry also works in the inter-MME case. During the transient time period comprised between the handover completion and the subsequent timer expiry, packets may temporarily flow on the SIPTO@LN PDN connection, despite the fact that the user has moved outside of the local premises. The PDN deactivation is initiated by the LGW when the timer expires.

Note that the target MME is also in a position to release the PDN connection, however this is a solution that differs from the one described in the specification. The release from the target MME could be even more efficient, because it does not need to rely on timer expiry – namely, the target MME can initiate the PDN deactivation of the SIPTO@LN PDN connection as soon as the handover is completed. This would also minimise the number of packets flowing on the SIPTO@LN PDN connection during the transient period.

Conclusion 1: For the architecture with collocated LGW/HeNB it is possible to release the PDN connection from the target MME and this is even more efficient than the currently agreed approach based on timer expiry.

1.2
Architecture with stand-alone LGW: Connected mode

From 23.401 clause 4.3.15a.2:

As IP data session continuity for SIPTO at the Local Network PDN connection is not supported in this release of the specification, during mobility procedures the (source) MME should disconnect the SIPTO at the Local Network PDN connection with "reactivation requested" cause as specified in clause 5.10.3, unless the target (H)eNB (i.e. the same Local (H)eNB Network ID) has connectivity with the local network and IP data session is then maintained.

The description above implies that it is the source MME that releases the SIPTO@LN PDN connection in the middle of a handover procedure, however this cannot be correct. Namely, the only way for the source MME to release the SIPTO@LN PDN connection in the middle of a handover procedure is by removing all bearer contexts related to this PDN connection. At the end of the handover the UE would realise that all bearers related to one of its PDN connections (which happens to be the SIPTO@LN PDN connection) is missing and will locally release the PDN connection. This apparently is in contradiction with the remainder of the description, because once a PDN connection is completely deleted, it is impossible to “disconnect the SIPTO@LN PDN connection with “reactivation requested” cause”. This is clearly an error in the specification text.

Note again that the target MME is also in a position to release the SIPTO@LN PDN connection, however this is a solution that differs from the one described in the specification. In reference to the existing specification text, the only change needed is replacing “(source) MME” with “(target) MME” in order to render the description accurate.
Conclusion 2: For the architecture with stand-alone LGW it is possible to release the PDN connection from the target MME. The existing specification text actually describes a release form the target MME, but erroneously refers to the source MME.
1.3
Both SIPTO@LN architectures: Idle mode
Excerpt from TS23.401 clause 4.3.15a.1:

During idle state mobility events, the (old) MME shall trigger the re-establishment of the SIPTO at the Local Network PDN connection when it detects that the UE has moved away from the (H)eNB and to a (H)eNB with different Local (H)eNB ID, as specified in clause 5.3.3 [i.e. Tracking Area Update procedure] and clause 5.3.4 [i.e. Service Request procedure].

NOTE:
In this release of the specification it is assumed that the target S-GW selected during the Handover also has connectivity to the L-GW.

The described solution obviously works in the intra-MME case.

In the inter-MME case the underlined sentence can be read in two different ways:

1. The old MME initiates the PDN deactivation as part of the Idle mode mobility procedure;

2. The old MME triggers PDN re-establishment indirectly (e.g. by sending an indication to the new MME) and the actual PDN deactivation is triggered by the new MME.

The first reading is incorrect, because, while the old MME is able to clean up the SIPTO@LN PDN connection as part of the inter-MME Context Transfer procedure (by deleting all bearer contexts related to the SIPTO@LN PDN connection, etc.), it will not be able to subsequently perform PDN deactivation with “reactivation requested”, because the PDN connection at this point does not exist anymore.

The second reading is OK, but is definitely not the one described in the specification. We return to it later.

The previous excerpt is also in contradiction with 23.401 clause 5.3.3.0, which describes the differences between the intra-MME and inter-MME case in the specific case of Tracking Area Update as follows:

If SIPTO at the local network is allowed for the APN associated with a PDN connection the source MME handles the SIPTO at the Local Network PDN connection as follows. In case of standalone GW, additionally MME also checks that the Local (H)eNB ID has changed.

-
For the intra-MME mobility, upon completion of the TAU procedure the MME shall deactivate the SIPTO at the local Network PDN connection with the "reactivation requested" cause value according to clause 5.10.3. If the UE has no other PDN connection, the MME initiates "explicit detach with reattach required" procedure according to clause 5.3.8.3.

-
For the Inter-MME/SGSN mobility, as part fo the Tracking Area Update procedure, the source MME shall remove the bearer(s) corresponding to the SIPTO at Local Network PDN connection and shall release the core network resources associated to the SIPTO at the Local Network PDN connection by performing the MME-initiated PDN Connection Deactivation before sending the Context Response message.

The inter-MME case (underlined text above) is now described accurately. However, as seen from the description, the procedure ends without requesting reactivation of the SIPTO PDN connection. This is suboptimal behaviour because ideally the PDN connection that is subject to SIPTO@LN should be reactivated when the user moves out of the original SIPTO@LN cell.

Coming back to the second reading of excerpt 4.3.15a.1 (“The old MME triggers PDN re-establishment indirectly (e.g. by sending an indication to the new MME) and the actual PDN deactivation is triggered by the new MME”): this approach will obviously work and would also allow for optimal behaviour in the inter-MME case - namely – PDN re-activation.
Conclusion 3: For both SIPTO@LN architectures it is possible to release the PDN connection from the new MME with “reactivation requested” cause value. The existing specification text (apart from being partially correct) does not allow for “reactivation requested” in the inter-MME case.
1.4
LIPA revisited (for completeness):

LIPA uses yet another different mechanism for deactivation of the LIPA PDN connection. From 23.401 clause 4.3.16:

As mobility of the LIPA PDN connection is not supported in this release of the specification, the LIPA PDN connection shall be released when the UE moves away from H(e)NB. Before starting the handover procedure towards the target RAN, the H(e)NB shall request using an intra-node signalling the collocated L-GW to release the LIPA PDN connection. The H(e)NB determines that the UE has a LIPA PDN connection from the presence of the Correlation ID in the UE (E-)RAB context. The L-GW shall then initiate and complete the release of the LIPA PDN connection using the PDN GW initiated bearer deactivation procedure as per clause 5.4.4.1 or GGSN initiated PDP context deactivation procedure as specified in TS 23.060 [7]. The H(e)NB shall not proceed with the handover preparation procedure towards the target RAN until the UE's (E-)RAB context is clear for the Correlation ID.

In the LIPA case, when the UE moves out of the cell providing LIPA service, the combined HeNB/LGW node needs to completely delete the LIPA PDN connection before proceeding with the handover procedure. This can be detrimental to handover performance, because it adds undesirable delay in the middle of the handover procedure.

To our knowledge, the reason for agreeing a suboptimal solution for LIPA was the willingness to have a solution that works in all deployment scenarios. However, during the development of SIPTO@LN it was agreed to have some deployment restrictions, as captured in the following NOTE in 4.3.15a.1:

NOTE:
In this release of the specification it is assumed that the target S-GW selected during the Handover also has connectivity to the L-GW.

If such a deployment restriction could also be agreed for LIPA (and we see no reason why LIPA should have different deployment restrictions compared to SIPTO@LN) then it is worth noting again that the LIPA PDN deactivation could be requested by the MME after handover completion. That solution would work even when the target cell is controlled by a different MME. The release of the LIPA PDN connection after handover completion would be beneficial to handover performance because it avoids adding undesirable delays to the handover procedure. Unfortunately, this is not the solution that was approved in Rel-10.
Conclusion 4: For LIPA too it is possible to release the LIPA PDN connection from the target/new MME, provided that the same deployment restriction applies as for SIPTO@LN. Such a solution would be beneficial to handover performance with LIPA.
2
Way forward
Based on the previous discussion and conclusions, it seems that the SIPTO@LN PDN connection should better be released from the new/target MME, as follows:

1) The mobility procedure (handover, TAU or SR) is executed completely. Specific to Connected mode mobility, the handover is initiated without any delay and without setting a timer in the LGW (contrary to the current solution for SIPTO@LN);

2) As part of the mobility procedure the source/old MME provides an indication to the target/new MME that the UE has an established SIPTO@LN PDN that needs to be released. For Idle mode mobility the [S10] Context Response message may be used (see Figure 1 below). For Connected mode mobility the [S10] Forward Relocation Request message may be used (see Figure 2 below);

3) After completion of the mobility procedure, the target MME initiates PDN deactivation of the SIPTO@LN PDN connection with “reactivation requested” cause.

Specific to the SIPTO@LN architecture with stand-alone node, the target/new MME need not necessarily release the PDN connection e.g. if the Local (H)eNB ID has not changed, the PDN connection used for SIPTO@LN is not released. The Local (H)eNB ID check can be performed either in the old or in the new MME.

The same procedures also apply to the case where either or none of the MME and SGW is relocated.
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Figure 1: Tracking Area Update procedure with Serving GW change (23.401 Figure 5.3.3.1-1)
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Figure 2: S1-based handover with MME and SGW relocation (23.401 Figure 5.5.1.2.2-1)

3
Proposal
It is proposed to agree the PDN deactivation approach described in clause 2 of the present paper for both SIPTO@LN architectures.
Apart from addressing the current inaccuracies in the specification text related to the stand-alone LGW, the proposed approach with release from the target/new MME has the following benefits:

· Provides a common harmonised procedure for both SIPTO@LN architectures;

· Specific to the stand-alone LGW architecture, allows for PDN deactivation with “reactivation requested” in the inter-MME case (today not possible);

· Specific to the collocated LGW/(H)eNB architecture, allows for quicker PDN deactivation as it does not depend on timer expiry.
The draft CR implementing this proposal is provided in S2-131149, a companion paper for this meeting.

Time permitting, it is also proposed to check if companies are OK to make the same change for LIPA PDN deactivation (changes going back to Rel-10).
3GPP
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