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Abstract of the contribution:

This contribution updates the inter-RAT HO procedure to take into account S4 interface.
Introduction

In SAE architecture, the S4 interface is specified to be between VPLMN SGSN and VPLMN SAEGW: i.e. a SGSN establishes PDP Contexts for roaming LTE UEs with a S-SAEGW (GGSN) in the VPLMN. This is different from 2G/3G architecture for which GGSN is always in the HPLMN and this has impacts on the HO with 2G 3G:
· in case of inter-PLMN HO (either between two SGSNs or between a SGSN and a MME), a legacy SGSN has to support S-SAEGW (GGSN) relocation. This is a new feature for Legacy SGSNs which impacts:
· bearer establishment (with new S-SEAGW)

· data forwarding

This S4 architecture choice then impacts the inter-RAT HO procedure and this has to be described in 23.401.
Discussion
The following changes are identified for the inter-RAT HO procedure in order to consider S-SAEGW relocation case:
Preparation phase:

· Clarification in step 3: The new S-SAEGW needs to know which PDN-SAEGW to connect to: it is clarified that during HO LTE to 2G/3G, the source MME provides the target SGSN with the current PDN SAEGW to be used. This should not apply for the HO 2G/3G to LTE as a Rel6/7 SGSN has no visibility of a PDN SAEGW: the MME should select the S-SEG and PDN SAEGW based on the APN.
· Addition of steps 3a and 3b: interaction with the new S-SAEGW is proposed at the beginning of the HO procedure: 
· Creation of bearer contexts in the new S-SAEGW needs to be done.

· This can be done at the beginning of the HO procedure (before the RABs are established with the Access) 
· This can be done at the end of the HO procedure (when the UE arrived at the target eNodeB side).
· For both cases, the legacy SGSN is impacted: 

· in 1st case a new message is needed at the beginning of the HO procedure between the SGSN and the S-SAEGW

· in the 2nd case, the SGSN can interact with the new S-SAEGW via the Update Context message but the SGSN will nevertheless need a new message with the access node to provide new S-SAEGW TEID for UL data sending.
· As the first case allows in addition to get S-SAEGW UL TEID early during the HO procedure,  UL data can be sent as soon as the UE arrives at the Target access. This is what is proposed for example for LTE HO in Annex C to have a more efficient service from the User perspective. We propose to have the same benefit for HO 2G/3G, i.e. add the steps 3a and 3b in the current inter-RAT HO flows.
· Step 5: remove the node: “The case when the Serving SAEGW is change is FFS” 

· Step 5: remove that note which indicated that it is currently open whether the source MME prepares the PDP Contexts in the S-SAEGW before relocation request is sent to the SGSN or whether the SGSN will establish the PDP Contexts with the S-SAEGW. It is proposed to agree that:

· MME ensures backward compatibility by doing the mapping between SAE bearers and 2G/3G PDP Contexts information and MME provides 2G/3G information to the SGSN. 
· Nevertheless, it should be up to the target SGSN to establish the bearers with the S-SAEGW in order to support case of S-SAEGW change as source MME may have no interface with target S-SAEGW.
Execution phase:

· Step 3: when PDCP SN is supported, the source eNodeB will provides current PDCP SN to Target eNodeB in the Forward SRNS relocation procedure. This is described in step 3a and 3d. The S-SAEGW does not use this SN information as SN visible in the eNodeB is not accurate for data still in S-SEAGW: step 3b and 3c proposed to be removed from the flows.

· Step 1a, 9 and 10: a separate contribution clarifies that as the S-SAEGW can change, handling in sequence delivery of data received over the X2 and over the S1 interface can be done by allowing the target eNodeB to forward data received over X2 interface before forwarding data received over the S1 interface. This is added in step 9 and 10.
The associated changes proposed for TS 23.401 are:
5.5.2
Inter RAT handover

5.5.2.1
LTE/SAE to UMTS/GPRS Inter RAT handover

NOTE:
It is an open issue whether the final flow will be  split into separate preparation phase and execution phase or combined into single comprehensive flow.
NOTE:
The case when the target Gb based system does not support PS handovers is FFS.

5.5.2.1.1
Preparation phase
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Figure 5.5.2-1: LTE/SAE to UMTS/GPRS Inter RAT HO, preparation phase
1)
The source eNodeB decides to initiate a PS handover to the target access system within UMTS/GPRS. At this point both uplink and downlink user data is transmitted via the following: Bearer(s) between UE and Source eNodeB, GTP tunnel(s) between Source eNodeB, Serving SAE GW and PDN SAE GW.

2)
The source eNodeB sends a Relocation Required message to the Source MME to request the CN to establish resources in the Target access network, Target SGSN and the Serving SAE GW.

3)
The Source MME will forward the request to the target SGSN using the message Forward Relocation Request. This message includes all (Release 8) PDP contexts corresponding to the bearers established in the source LTE/SAE system and the uplink Tunnel endpoint parameters of the Serving SAE GW. This message also includes the PDN SAEGW address. The Target SGSN decides whether to select a new Target S-SAEGW. The Target SGSN sends a Create Serving SAEGW Bearer request message to the Target S-SAEGW, including information about the established PDP Contexts of the UE and the information on the PDN SAEGW. The Target Serving SAEGW allocated TEIDs for the uplink traffic on S1_U reference point (one TEID per bearer). The Target serving SAEGW sends an acknowledgement message back to the target SGSN, which includes these newly allocated TEIDs. 
4)
The Target SGSN will request the Target access network to establish the necessary resources and provide the TEIDs for UL data. 

The Target access network allocates the resources and returns the applicable parameters to the Target SGSN . The details of this source access system specific signalling are described in 3GPP TS 23.060 [7] for Iu mode and in 3GPP TS 43.129 [8] for Gb mode.



5)
The Target SGSN completes the preparation phase by sending the message Forward Relocation Response to the Source MME.

5.5.2.1.2
Execution phase
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Figure 5.5.2-2: LTE/SAE to UMTS/GPRS Inter RAT HO, execution phase

1)
The Source MME completes the preparation phase towards Source eNodeB by sending the message Relocation Command. This message includes bearer parameters for all PDP contexts that could be established on the Target side. The details of this EUTRAN specific signalling are described in TS 36.300.

1a)
Source eNodeB initiates data forwarding for the indicated bearers. Target access starts a data forwarding timer. During this timer, target access forwards DL PDUs forwarded from the source access to the UE. The data forwarding may go directly to target system (I.e. to target Access NW in case of Iu mode target system, to target SGSN in case of Gb mode target system). Data forwarding may alternatively go e.g. via Serving SAE GW or/and target SGSN if so decided by source MME and/or target SGSN in Inter RAT HO preparation phase. The indirect data forwarding is FFS.

2)
The Source eNodeB will give a command to the UE to handover to the Target Access System via the message HO from LTE Command. This message includes a transparent container including radio aspect parameters that the Target access network has set-up in the preparation phase. The details of this EUTRAN specific signalling are described in 3GPP TS 36.300 [5].

3)
The Source eNodeB informs the Source MME which then informs the Target SGSN regarding "delivery order" parameters in the message Forward SRNS Context. 

4)
The UE moves to the Target Access system and performs access procedures toward Target access network.

5)
When the UE has successfully accessed the Target access network, the Target access network informs the Target SGSN about the completion of the Inter RAT HO. The details of this target access system specific signalling are described in 3GPP TS 23.060 [7] for Iu mode and in 3GPP TS 43.129 [8] for Gb mode 
6)
Then the Target SGSN knows that the UE has arrived to the target side and Target SGSN informs the Source MME by sending the message Forward Relocation Complete. The Source MME will also acknowledge that information. Further action in the Source MME continues at step 11.

7)
The Target SGSN will now complete the PS Handover procedure by informing the Serving SAE GW that the Target SGSN is now responsible for all the PDP Context the UE have established. This is performed in the message Update Serving SAE GW Bearer Request. The SGSN provides the S-SAEGW with TEID for DL PDUs.
8)
The Serving SAE GW may inform the PDN SAE GW the change of for example the RAT type that e.g. can be used for charging, by sending the message Update PDN SAE GW Bearer Request. The PDN SAE GW must acknowledge the request with the message Update PDN SAE GW Bearer Response. This is FFS. 

9)
The Serving SAE GW acknowledges the user plane switch to the Target SGSN via the message Update Serving SAE GW Bearer Response. At this stage the user plane path is established for all PDP contexts between the UE, Target RNC, Target SGSN, Serving SAE GW and PDN SAE GW. Data are sent by the S-SAEGW to the Target access. The target access should not send DL PDUs received from the S-SAEGW to the UE before data received from the old access have been sent: at the data forwarding timer expiry, the Target access forwards DL PDUs received from the S-SAEGW and stop sending data forwarded from the source access.
10)
After step 6, the Source MME will clean-up all its resources towards Source eNodeB by performing the S1 Release procedure. The Source eNodeB starts a guard timer to allow forwarding of all DL data arriving over S1-U interface. At the end of this guard timer, Source eNodeB releases its resources.
11)
The UE triggers a subset of Routing Area Update procedure as described in 3GPP TS 23.060 [7].

5.5.2.2.
UMTS/GPRS to LTE/SAE Inter RAT HO

NOTE:
It is an open issue whether the final flow will be split into separate preparation phase and execution phase or combined into single comprehensive flow.
NOTE:
The case when the source Gb based system does not support PS handovers is FFS.

5.5.2.2.1
Preparation phase
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Figure 5.5.2-3: Inter RAT HO UMTS/GPRS to LTE/SAE, preparation phase

1) The source access system decides to initiate a PS handover to the LTE system. At this point both uplink and downlink user data is transmitted via the following: Bearers between UE and Source access system, GTP tunnel(s) between Source access system, Serving SAE GW and PDN SAE GW.

The source access system initiates PS handover/Relocation towards Source SGSN to request the CN to establish resources in the Target eNodeB, Target MME and the Serving SAE GW. The details of this source access system specific signalling are described in 3GPP TS 23.060 [7] for Iu mode and in 3GPP TS 43.129 [8] for Gb mode.

2) The Source SGSN will forward the request to the Target MME using the message Forward Relocation Request. This message includes all PDP contexts that are established in the source UMTS/GPRS system and the uplink Tunnel endpoint parameters of the Serving SAE GW. The Target MME decides whether to change the serving SAEGW and selects a target Serving SAEGW. The Target MME selects an appropriate PDN SAEGW. The Target MME sends a Create Serving SAEGW Bearer request message to the target Serving SAEGW, including information about the established bearers of the UE and the identity of the PDN SAEGW. The Target Serving SAEGW allocated TEIDs for the uplink traffic on S1_U reference point (one TEID per bearer). The Target serving SAEGW sends an acknowledgement message back to the target MME, which includes these newly allocated TEIDs.
3) The Target MME will request the Target eNodeB to establish the bearer(s) by sending the message Relocation Request. This request includes the uplink Tunnel endpoint parameters received in the previous step.

3a) The Target eNodeB allocates the request resources and returns the applicable parameters to the Target MME in the message Relocation Request Acknowledge.


4) The Target MME completes the preparation phase by sending the message Forward Relocation Response to the Source SGSN.

5.5.2.2.2
Execution phase
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Figure 5.5.2-4: Inter RAT HO UMTS/GPRS to LTE/SAE, execution phase
1)
The Source SGSN completes the preparation phase towards Source access network. The procedures for this are described in detail in 3GPP TS 23.060 [7] for Iu mode and in 3GPP TS 43.129 [8] for Gb mode.

The Source access network will command to the UE to handover to the target eNodeB. The access system specific message to UE includes a transparent container including radio aspect parameters that the Target eNodeB has set-up in the preparation phase. The procedures for this are described in detail in 3GPP TS 23.060 [7] for Iu mode access networks and in 3GPP TS 43.129 [8] for Gb mode access networks.

1a)
The Source system (I.e. source Access NW in case of Iu mode source system or source SGSN in case of Gb mode source system) initiates data forwarding for the indicated RABs/PDP contexts. The data forwarding may go directly to target eNodeB. Data forwarding may alternatively go e.g. via source SGSN or/and Serving SAE GW if so decided by source SGSN and/or target MME in Inter RAT HO preparation phase. The indirect data forwarding is FFS. Target eNodeB starts a data forwarding timer. During this timer, target access forwards DL PDUs forwarded from the source access to the UE.
2)
Depending on the source access network type, the Source access network may deliver source access network contexts to the Source SGSN.

3)
The Source SGSN informs the Target MME regarding source access system contexts in the message Forward SRNS Context. This information is then relayed to the target eNodeB. 


4)
The UE moves to the LTE system and performs access procedures toward Target eNodeB.

5)
When the UE has got access to Target eNodeB it sends the message HO to LTE Complete.

6)
When the UE has successfully accessed the Target eNodeB, the Target eNodeB informs the Target MME by sending the message Relocation Complete.

7)
Then the Target MME knows that the UE has arrived to the target side and Target MME informs the Source SGSN by sending the message Forward Relocation Complete. The Source SGSN will also acknowledge that information. Further action in the Source SGSN continues at step 11.

8)
The Target MME will now complete the PS Handover procedure by informing the Serving SAE GW that the Target MME is now responsible for all the SAE bearers the UE have established. This is performed in the message Update Serving SAE GW Bearer Request. The MME provides the S-SAEGW with TEID for DL PDUs.
9)
The Serving SAE GW may inform the PDN SAE GW the change of for example the RAT type that e.g. can be used for charging, by sending the message Update PDN SAE GW Bearer Request. The PDN SAE GW must acknowledge the request with the message Update PDN SAE GW Bearer Response. This is FFS.

10)
The Serving SAE GW acknowledges the user plane switch to the Target MME via the message Update Serving SAE GW Bearer Response. At this stage the user plane path is established for all bearers between the UE, Target eNodeB, Serving SAE GW and PDN SAE GW. Data are sent by the S-SAEGW to the Target access. The target access should not send DL PDUs received from the S-SAEGW to the UE before data received from the old access have been sent: at the data forwarding timer expiry, the Target access forwards DL PDUs received from the S-SAEGW and stop sending data forwarded from the source access.
11)
After step 7 the Source SGSN will clean-up all its resources towards Source access system by performing the necessary procedures. The procedures for this are described in detail in 3GPP TS 23.060 [7] for Iu mode access networks and in 3GPP TS 43.129 [8] for Gb mode access networks. The Source eNodeB starts a guard timer to allow forwarding of all DL data arriving over S1-U interface. At the end of this guard timer, Source eNodeB releases its resources.
12)
The UE triggers a subset of Tracking Area Update procedure (see clause 5.3.2)

Conclusion
It is proposed to update TS 23.401 section 5.5.2 as described above.
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