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PDP Context Activation /De-Activation and PS handover procedures for A/Gn alternative
1 Introduction

That paper describes the PDP context related procedures for E-GAN capable handset: the activation of PDP context depending on the current RAT, the de-activation of PDP context and the PDP context handover.

That paper shows that the E-GAN procedures are fully compatible with those defined in the 3GPP standards. They do not require any change:

· In the Application layer of the MS

· In the Non Access Stratum of the MS (the 24.008 SM layer for GERAN/UTRAN is unchanged)

· In the SGSN and the GGSN

That paper shows how a PDP context can be switched from one RAT to another transparently to the Application for achieving seamless mobility.

For each procedure, this paper depicts:

· the role of the GA-MC (application in the MS), GA-SM and Proxy-GN (applications in the E-GANC) 

· the usage of the different E-GAN specific PCO containers (PCO IE already exists in all 24.008 SM messages)

· the role of the Anchor PDP context and its associated Terminations (Proxy-Gn application).

2 Discussion

2.1 First PDP context activation on the GERAN/UTRAN side
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GA-MC is a client on top of the unchanged 24.008 SM at “smreg” 24.007 interface. The MS is GPRS attached and the application requests the activation of  a PDP context. It  may have or not a connectivity with the E-GAN.

1) The current Radio Access in use is GERAN (or UTRAN); the GA-MC Client forwards the PDP Context Activation towards the SM layer. 

This PDP context has not yet been activated on any access, and so:

· no “ANCHOR_ADDR container” is set in the Protocol Configuration Options (PCO) field,

· a “GERAN/UTRAN access type container” is set in the PCO field.

Note: if the MS Application (on top of GA-MC) does not provide any PCO in its request, the GA-MC client creates one.

2) Since the SM layer is unchanged, it processes the activate PDP context request as defined in 3GPP TS 24.008.

3) Since the SGSN is unchanged, it processes the activate PDP context request as defined in 3GPP TS 23.060 and 3GPP TS 29.060. 

Note: The APN resolution provides the SGSN with a list of IP addresses of Proxy-Gn function residing on E-GANC. See contribution [6] about APN resolution for details.

4) The Proxy-Gn receives the PDP context creation request without ANCHOR_ADDR container within the PCO information.

Since the E-GAN Access Type container is present, the Proxy-Gn creates an “Anchor PDP context” and among others :

a. It stores the parameter related to the Gn signaling (IP address of SGSN and TEID for signaling), as well as the source IP address of the received request, in GERAN/UTRAN Termination;

b. It allocates a TEID for GTP signaling for the Network Termination.

Then, It resolves the APN to find out a GGSN IP address, replaces the received IP address and the TEID for GTP-C (signaling) with those of the Network Termination of the Anchor PDP context. 

Note that the IP address and TEID for GTP-U (user plane) remain those provided by the SGSN since the Proxy-Gn is never involved in the User Plane.

5) Since the GGSN is unchanged, it processes the create PDP context request as defined in 3GPP TS 23.060 and 29.060.

6) Upon receiving the response from the GGSN, the Proxy-Gn: 

a. records the IP address and the TEID for GTP-C (signaling) of the GGSN in the Network Termination of the Anchor PDP context.

b. sends back the Create PDP Context Response to the SGSN with the following modifications:



· replaces the control TEID and IP address of the GGSN by those of GERAN/UTRAN Termination,

· creates a Protocol Configuration Options field or appends to the existing Protocol Configuration Options field a ANCHOR_ADDR container set with Proxy-Gn IP address.

Note that the IP address and TEID for GTP-U are passed unchanged to the SGSN.

7) Since the SGSN is unchanged, it processes the Create PDP Context Response as defined in 3GPP TS 23.060 and 3GPP TS 29.060. 

8) Since the SM layer is unchanged, it processes the Activate PDP Context Response as defined in 3GPP TS 24.008. 

The GA-MC client records the address of the Proxy-Gn anchoring that PDP context (received in the PCO), and notes that the PDP context is ACTIVE on the GERAN/UTRAN side. 

Finally the GA-MC Client confirms the PDP Context Activation to the MS Application as defined in 3GPP TS24.007.

Note: The failure of all proxy-Gn does not prevent the activation of the PDP context (see [7] contribution on “High availability based on E-GAN DNS server”), but seamless mobility could not be applied to that PDP context. Note that the GA-MC client detects it, within activate PDP context response, because the ANCHOR_ADDR container is missing. 
2.2 First PDP context activation on the E-GAN side
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GA-MC is a client on top of the unchanged 24.008 SM at “smreg” 24.007 interface. The MS has successfully performed its registration with the GAN and the application requests the activation of  a PDP context. It  may or may not be GPRS attach.

1) The current Radio Access in use is GAN; the GA-MC Client forwards the PDP Context Activation towards the serving GA-SM of the E-GANC. 

This PDP context has not yet been activated on any access, and so:

· no ANCHOR_ADDR container is set in the Protocol Configuration Options field,

· a E-GAN access type container is set in the PCO field.

A GRE “key” (tunnel id) is chosen by the GA-MC for user plane downlink traffic and provided within the request.

Note: if the MS Application (on top of GA-MC) does not provide any PCO in its requests, the GA-MC client creates one.

a) Upon the reception of the GA-SM Activate PDP Context Request the following actions take place:  

· The serving GA-SM performs the User Authorization for that APN as defined in 3GPP TS 23.060 (Note that it uses the Subscriber Information Data downloaded at MS registration to perform APN authorization).

· Select a “key” and an IP address for the GRE tunnel for the uplink traffic

· Records the key of the GRE tunnel provided in the GA-SM Activate PDP context request (Downlink Traffic)

· Initiate a Create PDP Context Procedure towards the Proxy-Gn as defined in 3GPP TS 23.060 and 3GPP TS 29.060

Note that the DNS resolution for the APN provides a list of Proxy-Gn IP addresses.

b) The Proxy-Gn receives the PDP Context Creation Request without ANCHOR_ADDR container within the PCO information:

Since the E-GAN Access Type container is present, the Proxy-Gn creates a Anchor PDP context and among others :

· It registers the parameter related to the Gn signaling (IP address of serving GA-SM and TEID for signaling), as well as the source IP address of the received request, in E-GAN Termination;

· It allocates a TEID for GTP signaling for the Network Termination.

Then, it resolves the APN to find out a GGSN IP address, replaces the received IP address and the TEID for GTP-C (signaling) with those of the Network Termination of the Anchor PDP context.

2) Since the GGSN is unchanged, it processes the create PDP context request as defined in 3GPP TS 23.060 and 29.060.

a) The Proxy-Gn:

· records the IP address and the TEID for GTP-C (signaling) of the GGSN in the Network Termination of the Anchor PDP context.

· sends back the create PDP context response to the GA-SM with the following modifications:



· replaces the control TEID and IP address of the GGSN by those of E-GAN Termination,

· creates a Protocol Configuration Options field or appends to the existing Protocol Configuration Options field a ANCHOR_ADDR container set with Proxy-Gn IP address.

b) The serving GA-SM sends back to the MS the GA-SM activate PDP context accept with the Protocol Configuration Options as received as well as the “key” and IP address of its selected GRE tunnel.

The GA-MC client records the address of the Proxy-Gn anchoring that PDP context (received in the PCO), and notes that the PDP context is ACTIVE on the E-GAN side. 

It records the “key” and IP address of the GRE tunnel for uplink traffic.

Finally the GA-MC Client confirms the PDP Context Activation to the MS Application as defined in 3GPP TS24.007.

Handover from GERAN/UTRAN to GAN (lossless and seamless)

The MS is E-GAN registered and, due to some radio environment-based trigger, a CS-PS handover procedure is initiated on the MS side. The following flow chart describes how active PDP contexts are maintained in a seamless manner. It is controlled by the GA-MC Client transparently to the Application.

The synchronization between the CS-PS handover mechanism and the GA-MC is described in another contribution.
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1) The GA-MC client triggers by itself an GA-SM Activate PDP Context as if it was initiated by the MS Application (see section “First PDP context activation on the E-GAN side”), except that it inserts in the PCO field the ANCHOR_ADDR container received on the previous PDP context activate response (GERAN/UTRAN side).

a. The serving GA-SM processes the request as previously described in section “First PDP context activation on the E-GAN side”  with the following exception:

· It does not resolve the APN to find out a Proxy-Gn, but rather gets the Proxy-Gn from the ANCHOR_ADDR container and sends the Create PDP Context Request to that address.

b. The Proxy-Gn receives the PDP Context Creation:

·  it retrieves the Anchor PDP context (based on IMSI and NSAPI)

· It records the parameter related to the Gn signaling (IP address of serving GA-SM and TEID for signaling), as well as the source IP address of the received request, in E-GAN Termination;
·  it informs the GGSN that the user plane must be now switched to the E-GANC. For that, it initiates a Update PDP context request towards the GGSN. The payload of the Update PDP context request contains:

·  The IP address and TEID of the user plane received from the serving GA-SM.

· The IP address and TEID of the control plane from the Network Termination of the Anchor PDP context. 

2) Since the GGSN is unchanged, it processes the Update PDP context request as defined in 3GPP TS 23.060 and 29.060. From now on, the downlink traffic is sent to the E-GANC.

a. The Proxy-Gn:

· processes the Update PDP Context Response as defined in 3GPP TS 29.060

· sends back a Create PDP Context Response to the GA-SM:



· the control TEID and IP address are those of E-GAN Termination,

· the user plane TEID and IP address are those received in the Update PDP Context Response (because the Proxy-Gn is never involved in the user plane).

· An ANCHOR_ADDR container set with Proxy-Gn IP address is appended to the  Protocol Configuration Options field. (if there is no PCO in response from GGSN, the Proxy-Gn creates one).

b. The serving GA-SM sends back to the MS the GA-SM Activate PDP Context Response with the Protocol Configuration Options as received, as well as the “key” and IP address of its selected GRE tunnel (uplink traffic).

The GA-MC client notes that the PDP context is ACTIVE on the E-GAN side. It records the “key” and IP address of the GRE tunnel for uplink traffic. Next uplink frames received from the Application (SN-SAP and RAB-SAP) are encapsulated in the GRE tunnel and sent to the E-GAN.

Note that after the CS/PS handover procedure, the GA-MC client may perform an internal deletion of the GERAN/UTRAN side of the PDP context. On the Network Side the Access Termination becomes ACTIVE-SLAVE; a timer is started and at its expiration the Proxy-Gn initiates a Delete PDP Context Procedure towards the SGSN.   

Handover from GAN to GERAN/UTRAN  (lossless and seamless)

The MS is still E-GAN registered and, due to to some radio environment-based trigger,  a CS-PS handover procedure is initiated on the MS side. The following flow chart describes how active PDP contexts are maintained in a seamless manner.. It is controlled by the GA-MC Client transparently to the Application.
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The synchronization between the CS-PS handover mechanism and the GA-MC is described in another contribution.

1) The GA-MC client triggers by itself an SMREG Activate PDP Context as if it was initiated by the MS Application (see section “First PDP context activation on the GERAN/UTRAN side”), except that it inserts in the  PCO field the ANCHOR_ADDR container received on the previous PDP context activate response (E-GAN side).

2) Since the SM layer is unchanged, it processes the Activate PDP Context Request as defined in 3GPP TS 24.008.

3) Since the SGSN is unchanged, it processes the Activate PDP Context Request as defined in 3GPP TS 23.060 and 3GPP TS 29.060. 

 Note: The APN resolution provides the SGSN with a list of IP addresses of Proxy-Gn functions residing on E-GANC. Since it is possible to configure more than one Proxy-Gn IP address, for addressing E-GANC scalability, the SGSN may select a Proxy-Gn IP address that is not the one present in the ANCHOR_ADDR container. Thus the SGSN may forward the request to another Proxy-Gn.  The receiving Proxy-Gn reads the ANCHOR_ADDR and relays the request to the  Proxy-Gn specified in the ANCHOR_ADDR. That behavior takes on the first request only, all subsequent signaling being directly routed to the Anchor . 

4) The Proxy-Gn processes the Create PDP Context Request as follows:

· Retrieves the Anchor PDP context (based on IMSI and NSAPI)

· Registers the parameter related to the Gn signaling (IP address of serving SGSN and TEID for signaling), as well as the source IP address of the received request, in GERAN/UTRAN Termination;
· Informs the GGSN that the user plane must be now switched to the SGSN. For that, it initiates a Update PDP Context Request towards the GGSN. The payload of the Update PDP Context Request contains:

·  The IP address and TEID of the user plane received from SGSN.

· The IP address and TEID of the control plane from the Network Termination of the Anchor PDP context. 

5) Since the GGSN is unchanged, it processes the Update PDP Context Request as defined in 3GPP TS 23.060 and 29.060. From now on, the downlink traffic is sent to the SGSN.

6) The Proxy-Gn processes the Update PDP Context Response as defined in 3GPP TS 29.060. Then it sends back a Create PDP Context Response to the SGSN, with the following GTP-C/GTP-U parameters:



· Control plane TEID and IP address of the GERAN/UTRAN Termination,

· User plane TEID and IP address received in the Update PDP Context Response.

7) Since the SGSN is unchanged, it processes the Create PDP Context Response as defined in 3GPP TS 23.060 and 3GPP TS 29.060

8) Since the SM layer is unchanged, it processes the Activate PDP Context Response as defined in 3GPP TS 24.008.

The GA-MC client notes that the PDP context is ACTIVE on the GERAN/UTRAN side Subsequent uplink frames received from the Application (SN-SAP and RAB-SAP)  are submitted by the GA-MC client to the SN-SAP (RAB-SAP) of the Non Access Stratum of the MS.

Note that the PDP context of the E-GAN side, maintained by the GA-MC, will be deleted during the de-registration of the MS from GAN.

Note: 

Even in the extreme case where all the Proxy-Gn of the E-GANC have failed, the PDP context activation can still succeed between the SGSN and GGSN. The GA-MC detects it since the ANCHOR_ADDR container in not present in the activate PDP context response. Then the behavior of the GA-MC client depends on the result of the comparison between the PDP address stored in the GA-MC with the one of the response: 

· Match:

Nothing is indicated to the Application. However seamless could not be applicable on the next handover for that PDP context. 

· No Match:

In that case the GA-MC client will report a PDP delete indication to the Application at the end of the GAN handover procedure and may keep that PDP address in case the Application decides to re-activate that PDP context within a pre-defined delay. Otherwise, the GA-MAC has to initiates a delete PDP context towards the SGSN. 

2.3  PDP context de-activation on the E-GAN side

Here, it is assumed that the MS is in E-GAN mode and proceeds with the deletion of the last PDP context associated to the PDP address.
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1) The Application requests the deletion of the PDP context towards the GA-MC client. Since the MS is currently in GAN mode, the GA-MC Client uses the parameters of the E-GAN PDP context for initiating a GA-SM deactivate PDP context request towards the serving GA-SM of E-GANC.

a) The serving GA-SM entity retrieves the PDP context of the MS. Then it starts a delete PDP context procedure as defined in the 3GPP TS 29.060. 

Note that the Delete PDP Context is sent to the Proxy-Gn since its GTP-C parameters (IP address and TEID) have been stored at Create PDP context Request time.

b) The Proxy-Gn receives the Delete PDP Context Request. The Anchor PDP context is retrieved thanks to the TEID of the GTP-C frame (as in 3GPP TS 29.060) and the E-GAN Access Termination enters the INACTIVE state.

Since E-GAN Access Terminations was ACTIVE-MASTER and because the Delete PDP Context has been initiated by the Application , the Proxy-Gn initiates a Delete PDP Context Request towards the GGSN whose parameters have been stored in the Network Termination of the Anchor PDP context. Its behavior is the same as the one specified in 3GPP TS 29.060.

Note: if the GERAN/UTRAN Access Termination is still ACTIVE, the Proxy-Gn initiates the Delete PDP Context Procedure towards the SGSN.

2) Since the GGSN is unchanged, it processes the Delete PDP Context Request as defined in 3GPP TS 23.060 and 29.060.

a) The Proxy-Gn sends a Delete PDP Context Response towards the serving GA-SM (thanks to the GTP-C parameter stored in the GAN Termination of the Anchor PDP context) and releases all the resources related to the Anchor PDP context.

b) The serving GA-SM retrieves the PDP context thanks to the TEID of the Delete PDP Context Response.

It sends back a de-activate PDP Context Response to the GA-SM of the GA-MC Client of the MS and releases all the resources related to that PDP context.

The GA-MC receives the de-activate PDP context and notes that the PDP context (NSAPI) is INACTIVE on the E-GAN side. Since there is no more PDP context for the PDP address, the ANCHOR_ADDR associated to the PDP address is cleared.

Finally The GA-MC Client confirms the PDP context deletion to the MS Application as defined in 3GPP TS24.007.

2.4 PDP context de-activation on the GERAN/UTRAN side

Here, it is assumed that:

a)  the MS is in E-GAN mode and proceeds with the deletion of the last PDP context associated to the PDP address
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the PDP context is not ACTIVE on the GAN side.

1) The Application requests the deletion of the PDP context towards the GA-MC client. Since the PDP context is ACTIVE on the GERAN/UTRAN side only, the GA-MC Client initiates a SMREG deactivate PDP context request towards the SM layer of the MS as defined in 3GPP TS 24.008.

2) Since the SM layer is unchanged, it processes the de-activate PDP context request as defined in 3GPP TS 24.008.

3) Since the SGSN is unchanged, it processes the de-activate PDP context request as defined in 3GPP TS 23.060 and 3GPP TS 29.060.

4) The Proxy-Gn receives the Delete PDP Context Request. The Anchor PDP context is retrieved thanks to the TEID of the GTP-C frame (as in 3GPP TS 29.060) and the GERAN/UTRAN Access Termination enters the INACTIVE state.

Since GERAN/UTRAN Access Terminations was ACTIVE-MASTER and because the deletion is initiated by the MS Application, the Proxy-Gn initiates a Delete PDP Context Request towards the GGSN whose parameters have been stored in the Network Termination of the Anchor PDP context. Its behavior is the same as the one specified in 3GPP TS 29.060.

5) Since the GGSN is unchanged, it processes the Delete PDP Context Request as defined in 3GPP TS 23.060 and 29.060.

6) The Proxy-Gn sends a Delete PDP Context Response towards the SGSN (thanks to the GTP-C parameter stored in the GERAN/UTRAN Termination of the Anchor PDP context) and releases all the resources related to the Anchor PDP context.

7) Since the SGSN is unchanged, it processes the de-activate PDP context response as defined in 3GPP TS 23.060 and 3GPP TS 29.060.

8) Since the SM layer is unchanged, it processes the de-activate PDP context response as defined in 3GPP TS 24.008.

The GA-MC receives the de-activate PDP context and notes that the PDP context (NSAPI) is INACTIVE on the GERAN/UTRAN side. Since there is no more PDP context for the PDP address, the ANCHOR_ADDR associated to the PDP address is cleared.

Finally The GA-MC Client confirms the PDP context deletion to the MS Application as defined in 3GPP TS24.007.

3 Proposal

It is proposed to include the text of section 2 in the Technical Report for Enhanced GAN.
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