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1 Introduction

This contribution provides further insight into a possible functional allocation of the SGSN functionality into the SGSN server and the media gateway.  Information flows are included to illustrate how the decomposed SGSN server and media gateway may operate.

2 Discussion

The concept of decomposing the SGSN into a SGSN server and a media gateway was presented in the R´00 drafting meeting held in Helsinki (S2-000635).  This contribution provides further insight into a possible solution into how this may be achieved.

Details are omitted from the sequences shown in the chapter 2.2 to focus on the issue of the decomposition. As can be seen from the sequences, the existing protocols will remain unchanged if implementing the decomposition as suggested in this contribution.

2.1 Functional Allocation

This chapter provides an initial proposal on the functional allocation between the SGSN server and the media gateway. The list of functions is not complete, and this topic requires further analysis.

The de-composed server contains the functionality of:

· GTP-C handling
· CAP termination;

· RANAP termination;

· Media gateway selection;

· etc

To complement the server, the media gateway would contain the following functionality:

· Termination of the GTP-U tunnels towards the RNC;

· Termination of the GTP-U tunnels towards the GGSN;

· Termination of the media flow towards the monitoring centre (for Lawful Interception);

· Collection of statistics and usage information for performance monitoring, and for charging usage;

· Reporting performance anomalies to the SGSN server;

· Reporting usage information on demand or on limit or event to the SGSN server

2.2 Information flows

2.2.1 Primary PDP Context Activation Procedure


[image: image1.wmf]SGSN server

 1. Activate PDP Context Request

UTRAN

MS

 5. Create PDP Context Response

 5. Create PDP Context Request

 3. 

Radio Access Bearer Setup

 7. Activate PDP Context Accept

 4. Invoke Trace

MGW

 2. "ADD Request"

 2. "ADD Response"

 6. "MODIFY Request"

 6. "MODIFY Response"

GGSN

C1

C2


Figure 1: PDP Context Activation Procedure for UMTS

1)
The MS sends an Activate PDP Context Request (NSAPI, TI, PDP Type, PDP Address, Access Point Name, QoS Requested, PDP Configuration Options) message to the SGSN server. 

2) The SGSN server validates the Activate PDP context request.  If the SGSN server determines that it can be completed, the SGSN server sends the “ADD Request” message to the MGW to order the MGW to setup two GTP tunnel end points (one on the Iu interface and one on the Gn interface).

The MGW returns the “ADD Response" with the TEIDs and the IP addresses for the GTP tunnels to be used at the RNC and the GGSN when these send GTP-U packets towards the MGW.

3)
In UMTS, RAB setup is done by the RAB Assignment procedure. The TEID and the IP address which UTRAN requires for communication towards the MGW, and vice versa, are handled in this procedure. 

4)
If trace is activated, then the SGSN server shall send an Invoke Trace message to the UTRAN.

5)
 The SGSN server sends a Create PDP Context Request message to the affected GGSN with the TEIDs and the IP addresses which GGSN requires for communication towards the SGSN server and the MGW. 


The GGSN then returns a Create PDP Context Response message to the SGSN server with the TEIDs and the IP addresses which SGSN server and MGW require for communication towards the GGSN.

6)
The SGSN server sends the “MODIFY Request" message to the MGW with the TEIDs and the IP addresses which the MGW requires for communication towards the RNC and the GGSN. 

7)
The SGSN server returns an Activate PDP Context Accept (PDP Address, Packet Flow Id) message to the MS. The MGW is now able to route PDP PDUs between the GGSN and the MS, and charging can be started.

C1)
CAMEL-GPRS-Activate-PDP-Context.

C2)
CAMEL-GPRS-SGSN-Create-PDP-Context.

2.2.2 Secondary PDP Context Activation Procedure

The Secondary PDP Context Activation procedure may be used to activate a PDP context while reusing the PDP address and other PDP context information from an already active PDP context.  Similar information flows as shown above in Section 2.2.1 are used to fulfil this request.

2.2.3 PDP Context Deactivation Initiated by MS Procedure
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Figure 2: PDP Context Deactivation Initiated by MS Procedure for UMTS

1) The MS sends a Deactivate PDP Context Request (TI, Teardown Ind) message to the SGSN server.

2) The SGSN server sends a Delete PDP Context Request (TEID, Teardown Ind) message to the GGSN. The GGSN removes the indicated PDP contexts according to the information received in the Delete PDP Context Request message, and replies with the Delete PDP Context Response message to the SGSN server. 

3) The SGSN server sends a “SUBTRACT Request" message to remove the GTP tunnels and corresponding end points in the MGW. When the MGW has done this, it returns the “SUBTRACT Response” message to the SGSN server.
4) The SGSN server returns a Deactivate PDP Context Accept (TI) message to the MS.
5) The radio access bearer release is done by the RAB Assignment procedure.
If the MS inluceded the Teardown Ind in the Deactivate PDP Context Request message, all PDP contexts (and associated GTP-U tunnels) using the PDP address used for this PDP context are removed.

For an MS with GPRS‑CSI defined, CAMEL interaction may be performed, see referenced procedure in 3G TS 23.078:

C1)
CAMEL-GPRS-Deactivate-PDP-Context.

2.2.4 Serving RNS Relocation procedure
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Figure 3: Serving SRNS Relocation procedure

1) The source SRNC decides to perform/initiate a SRNS relocation

2) The source SRNC initiates the relocation preparation procedure by sending a Relocation Required message to the old SGSN server. 

3) The old SGSN server determines from Target ID if the SRNS Relocation is intra SGSN SRNS relocation or inter SGSN SRNS relocation. In case of inter SGSN SRNS relocation the old SGSN server initiates the relocation resource allocation procedure by sending a Forward Relocation Request message to the new SGSN server. 

4) The new SGSN server sends "ADD Request" message to the new MGW to order setup of two GTP tunnel end points (one on the Iu interface and one on the Gn interface) for every PDP context which exists for the MS.
The new MGW returns the "ADD Response" message to the new SGSN server with the TEIDs and IP Addresses which RNC and GGSN shall use when sending GTP-U packets towards the new MGW.
5) The new SGSN server sends a Relocation Request message to the target RNC. The new SGSN server passes the TEID(s) and the IP address(es) required at the target RNC for communicating with the new MGW. Also, the SGSN server receives in the Relocation Request Acknowledge message the TEID(s) and the IP address(es) required at the MGW to communicate with the target RNC.
6) When resources for the transmission of user data between target RNC and new MGW has been allocated and the new SGSN server is ready for relocation of SRNS, the Forward Relocation Response message is sent from the new SGSN server to the old SGSN server. This message indicates that the target RNC is ready to receive from source SRNC the downstream packets not yet acknowledged by MS.
The Forward Relocation Response message is applicable only in case of inter SGSN SRNS relocation.

7) The old SGSN server continues the relocation of SRNS by sending a Relocation Command message to the source SRNC.
8) Upon reception of the Relocation Command message from the PS domain, the source RNC shall start the data-forwarding timer. When the relocation preparation procedure is terminated successfully and when the source SRNC is ready, the source SRNC shall trigger the execution of relocation of SRNS by sending a Relocation Commit message (SRNS Contexts) to the target RNC.
9) After having sent the Relocation Commit message, source SRNC begins the forwarding of data for the RABs to be subject for data forwarding.
10) The target RNC shall send a Relocation Detect message to the new SGSN server when the relocation execution trigger is received.
11) After having sent the Relocation Detect message, target SRNC responds to the MS by sending a RNTI Reallocation message.
12) Upon reception of Relocation Detect message, CN may switch the user plane from source RNC to target SRNC. If the SRNS Relocation is an inter SGSN SRNS relocation, the new SGSN server sends Update PDP Context Request messages to the GGSNs concerned with the TEIDs and the IP addresses required at the GGSNs for communicating with the SGSN server and MGW. The GGSNs update their PDP context fields and return an Update PDP Context Response with the TEIDs and the IP addresses required at the SGSN server and the MGW for communicating with the GGSN.
13) The new SGSN server sends the "MODIFY Request" message to the new MGW. The TEIDs and IP Addresses given to the new MGW are the one the MGW shall use when sending GTP-U packets towards UTRAN and GGSNs. This is given for all the PDP contexts which are setup for the MS.
14) When the MS has reconfigured itself, it sends the RNTI Reallocation Complete message to the target SRNC. 
From now on the exchange of packets with the MS can start.
15) When target SRNC receives the RNTI Reallocation Complete message, target SRNC shall initiate the Relocation Complete procedure by sending the Relocation Complete message to new SGSN server. 
If the SRNS Relocation is an inter SGSN SRNS relocation, the new SGSN server signals to the old SGSN server the completion of the SRNS relocation procedure by sending a Forward Relocation Complete message.
16) The old SGSN server sends an Iu Release Command message to the source RNC. When the RNC data-forwarding timer has expired the source RNC responds with an Iu Release Complete.
17) Upon receiving the Forward Relocation Complete message, the old SGSN server sends a "SUBTRACT Request" to remove the GTP tunnels and their end points in the old MGW.
18) After the MS has finished RNTI reallocation procedure and if the new Routing Area Identification is different from the old one, the MS initiates the Routing Area Update procedure.
For an MS with GPRS‑CSI defined, CAMEL interaction may be performed, see referenced procedures in 3G TS 23.078: 

C1)
CAMEL-GPRS-SGSN-Context-Acknowledge. 

C2)

CAMEL-GPRS-Routing-Area-Update. 

2.2.5 UMTS to GSM Inter SGSN Change
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Figure 4: UMTS to GSM Inter SGSN Change

1)
The MS or BSS or UTRAN decides to perform an intersystem change, which makes the MS switch to a new cell that supports GSM radio technology, and stops transmission to the network.

2)
The MS sends a Routeing Area Update Request message to the new 2G‑SGSN. 

3)
The new 2G‑SGSN sends an SGSN Context Request message to the old 3G‑SGSN server to get the MM and PDP contexts for the MS. 

4)
If the MS is PMM‑CONNECTED the old 3G‑SGSN server sends an SRNS Context Request message to the SRNS. Upon reception of this message the SRNS buffers and stops sending downlink PDUs to the MS and returns an SRNS Context Response message. 

5)
The old 3G‑SGSN server responds with an SGSN Context Response (MM Context, PDP Contexts) message. 

6)
Security functions may be executed.

7) The new 2G‑SGSN sends an SGSN Context Acknowledge message to the old 3G‑SGSN server with the TEID(s) and IP address required at the old 3G-MGW for packet forwarding. This informs the old 3G‑SGSN server that the new 2G‑SGSN is ready to receive data packets belonging to the activated PDP contexts. 

8) The old SGSN server sends "ADD Request" message to the old MGW to order setup of two GTP tunnel end points for every PDP context existing for the MS. The TEID(s) and IP address of the new SGSN are included in this message, and these are used by the old MGW when forwarding packets to the new SGSN.

The old MGW returns the "ADD Response"  message with the TEID(s) and IP address which the RNC shall use when forwarding GTP-U packets towards the old MGW.

9) If the MS is PMM‑CONNECTED the old 3G‑SGSN server sends an SRNS Data Forward Command message to the SRNS with the TEID(s) and IP address required at the SRNS for packet forwarding to the old 3G-MGW. The SRNS shall start tunnelling the partly transmitted and the transmitted but not acknowledged PDCP‑PDUs and start duplicating and tunnelling the buffered GTP PDUs to the old 3G‑MGW.

10) The old 3G‑MGW tunnels the GTP PDUs to the new 2G‑SGSN.

11) The new 2G‑SGSN sends an Update PDP Context Request message to each GGSN concerned. Each GGSN updates its PDP context fields and returns an Update PDP Context Response message.

12) The new 2G‑SGSN informs the HLR of the change of SGSN by sending an Update GPRS Location message to the HLR.

13) The HLR sends a Cancel Location message to the old 3G‑SGSN server. The old 3G‑SGSN server acknowledges with a Cancel Location Ack message. The old 3G‑SGSN server removes the MM and PDP contexts.

14) When the MS is PMM‑CONNECTED the old 3G‑SGSN server sends an Iu Release Command message to the SRNS. When the RNC data-forwarding timer has expired the SRNS responds with an Iu Release Complete message.

15) The old SGSN server sends a "SUBTRACT Request" message to remove the GTP tunnels and their end points in the old MGW.

16) The HLR sends an Insert Subscriber Data message to the new 2G‑SGSN. The 2G‑SGSN construct an MM context and PDP contexts for the MS and return an Insert Subscriber Data Ack message to the HLR.

17) The HLR acknowledges the Update GPRS Location by returning an Update GPRS Location Ack message to the new 2G‑SGSN.

18) The new 2G‑SGSN sends a Location Update Request to the VLR. 

19) If the subscriber data in the VLR is marked as not confirmed by the HLR, the new VLR informs the HLR. The HLR cancels the old VLR and inserts subscriber data in the new VLR.

20) The new VLR allocates a new TMSI and responds with Location Update Accept to the 2G‑SGSN. 

21) If all checks are successful then the new 2G‑SGSN constructs MM and PDP contexts for the MS. A logical link is established between the new 2G‑SGSN and the MS. The new 2G‑SGSN responds to the MS with a Routeing Area Update Accept message.

22) The MS acknowledges the new P‑TMSI by returning a Routeing Area Update Complete.

23) The new 2G‑SGSN sends TMSI Reallocation Complete message to the new VLR if the VLR TMSI is confirmed by the MS.

24) The 2G‑SGSN and the BSS may execute the BSS Packet Flow Context procedure.

For an MS with GPRS‑CSI defined, CAMEL interaction may be performed, see referenced procedures in 3G TS 23.078:

C1)
CAMEL-GPRS-SGSN-Context-Acknowledge.

C2)
CAMEL-GPRS-Routeing-Area-Update.

2.2.6 GSM to UMTS Inter SGSN Change


[image: image5.wmf]MS

new

3G

-SGSN

server

HLR

 2. Routeing Area Update Request

 5. Security Functions

BSS

SRNS

 4. SGSN Context Response

 3. SGSN Context Request

1. Intersystem

change decision

       old

MSC/VLR

GGSN

old

2G

-SGSN

       new

MSC/VLR

new

3G

-MGW

C1

 7. SGSN Context Acknowledge

 6. "ADD Response"

 6. "ADD Request"

 8. Forward Packets

 9. Update PDP Context Request

 9. Update PDP Context Response

 10. Update GPRS Location

 13. Update GPRS Location Ack

 11. Cancel Location

 11. Cancel Location Ack

 12. Insert Subscriber Data Ack

 12. Insert Subscriber Data

 14. Location Update Request

 15a. Update Location

Set up Radio

Resources

 17. Routeing Area Update Accept

 18. Routeing Area Update Complete

 21. RAB Assignment Request

 21. RAB Assignment Response

C2

 15b. Cancel Location

 15c. Cancel Location Ack

 15d. Insert Subscriber Data

 15e. Insert Subscriber Data Ack

 15f. Update Location Ack

 16. Location Update Accept

 19. TMSI Reallocation Complete

 20. Service Request

 22. "MODIFY Response"

 22. "MODIFY Request"

 23. "SUBTRACT Response"

 23. "SUBTRACT Request"


Figure 7: GSM to UMTS Inter SGSN Change

1)
The MS or BSS or UTRAN decides to perform an intersystem change, which makes the MS switch to a new cell that supports UMTS radio technology, and stops transmission to the network.

2)
The MS sends a Routeing Area Update Request message to the new 3G‑SGSN server. 

3)
The new 3G‑SGSN server sends an SGSN Context Request message to the 2G‑SGSN to get the MM and PDP contexts for the MS. 

4) The old 2G‑SGSN responds with an SGSN Context Response message. 

5) Security functions may be executed.

6) The new SGSN server sends "ADD Request" message to the new MGW to order setup of three GTP tunnel end points for every PDP context existing for the MS. The GTP tunnel end points are one towards UTRAN, one towards GGSN and one towards old SGSN. 

The new MGW returns the "ADD Response" message to the new SGSN server with the TEIDs and IP addresses which UTRAN, old SGSN and GGSN shall use when sending GTP-U packets towards the new MGW. 

7) The new 3G‑SGSN server sends an SGSN Context Acknowledge message to the old 2G‑SGSN. This informs the old 2G‑SGSN that the new 3G‑MGW is ready to receive data packets belonging to the activated PDP contexts. Included are the TEID(s) and IP address which the old 2G-SGSN requires to forward packets to the new  3G-MGW.

8) The old 2G‑SGSN duplicates the buffered N‑PDUs and starts tunnelling them to the new 3G‑MGW. 

9) The new 3G‑SGSN server sends an Update PDP Context Request message to each GGSN concerned with the TEIDs and IP addresses required at the GGSN for communication towards the new 3G-SGSN server and MGW. Each GGSN updates its PDP context fields and return an Update PDP Context Response message with the TEIDs and IP addresses required at the new 3G-SGSN server and MGW for communication towards the GGSN.

10) The new 3G‑SGSN server informs the HLR of the change of SGSN by sending an Update GPRS Location message to the HLR.

11) The HLR sends a Cancel Location message to the old 2G‑SGSN. The old 2G‑SGSN acknowledges with a Cancel Location Ack message.

12) The HLR sends an Insert Subscriber Data message to the new 3G‑SGSN server. The 3G‑SGSN server constructs an MM context for the MS and returns an Insert Subscriber Data Ack message to the HLR.

13) The HLR acknowledges the Update GPRS Location by returning an Update GPRS Location Ack message to the new 3G‑SGSN server.

14) The new SGSN server sends a Location Update Request to the VLR. 

15) If the subscriber data in the VLR is marked as not confirmed by the HLR, the new VLR informs the HLR. The HLR cancels the old VLR and inserts subscriber data in the new VLR.

16) The new VLR responds with Location Update Accept to the 3G‑SGSN server. 

17) If all checks are successful then the new 3G‑SGSN server constructs MM and PDP contexts for the MS. The new 3G‑SGSN server responds to the MS with a Routeing Area Update Accept message.

18) The MS acknowledges by returning a Routeing Area Update Complete message to the new 3G-SGSN server.

19) The new 3G‑SGSN server sends TMSI Reallocation Complete message to the new VLR.

20) If the MS was in GPRS MM state READY it sends a Service Request message to the new 3G-SGSN server.

21) If the MS has sent the Service Request the new 3G‑SGSN server requests the SRNS to establish a radio access bearer by sending a RAB Assignment Request message to the SRNS. Included are the TEID(s) and IP address(es) which the SRNS requires to communicate with the new 3G-MGW. The SRNS responds with a RAB Assignment Response message with the TEID(s) and IP address(es) required at the MGW for communicating with the SRNS.

22) The new SGSN server sends the "MODIFY Request" message to the new MGW. The TEIDs and IP Addresses given are the one the new MGW shall use when sending GTP-U packets towards UTRAN and GGSN, and this is given for all the PDP contexts which are setup for the MS.

23) The new SGSN server sends a "SUBTRACT Request" to remove the GTP tunnels and their end points towards the old SGSN in the new MGW.

For an MS with GPRS‑CSI defined, CAMEL interaction may be performed, see referenced procedures in 3G TS 23.078:

C1)
CAMEL-GPRS-SGSN-Context-Acknowledge.

C2)
CAMEL-GPRS-Routeing-Area-Update.

2.2.7 Lawful Interception of payload packets

The setup of the PDP contexts for the MS is not shown in the below figure as that will be identical to the PDP Context Activation procedure described in chapter 2.2.2.
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Figure 5: Lawful Interception of payload packets

1) The SGSN server sends "ADD Request" (IP Address-LEA, Target ID, Correlation Number, Target Location) message to the MGW to order the MGW to setup a communication path towards LEA for every PDP context that shall be intercepted, and to give the parameters required at LEA for identifying the PDP context.

The MGW returns the "ADD Response" message to the SGSN server.

2)  A GTP-U packet received either from UTRAN or from GGSN is intercepted.

3) The intercepted GTP-U packet is modified in the format required by LEA before being sent to LEA.

3 Conclusion

As can be seen from the sequences shown  in chapter 2.2, the functional impacts of a decomposition into an SGSN server and MGW are confined to the SGSN itself and hence neither RNCs, GGSNs or other SGSNs, nor the protocols used between these nodes will be impacted. 

Also, the protocol required between the SGSN server and the MGW will be relatively small. 

It is therefore recommended that the decomposition of the SGSN becomes an option and that the protocol between the SGSN server and the MGW gets standardized within 3GPP.
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