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Proposal for GPRS/UMTS handover and PS Relocation

This document is a merged proposal between the following documents:

[1]
WHS 99002: Sequence charts for handover from GPRS to UMTS, source Alcatel

[2]
WHS 99003: Sequence charts for handover from UMTS to GPRS, source Alcatel

[3]
WHS 99004: Sequence charts of User Data Retrieve at SRNS Relocation for PS domain, source Alcatel

[4]
WHS 99010: Options for SRNS Relocation, source Nortel

Two aspects of handover are presented in this document:

· Inter-system handovers: UMTS to GPRS and GPRS to UMTS where we are restricted by the existing mechanisms in place for GPRS

· UMTS handover and SRNS relocation where a new mechanism is possible if it is found to be necessary. (This mechanism could also be used as a basis for future enhancements to scenarios involving GPRS).

1 Inter system case

1.1 UMTS to GPRS case

1.1.1 Principles

The main idea of this proposal is to avoid changes in the 2G-SGSN. Therefore, all the procedures used between 2G-SGSNs and the associated Gn messages should be reused.

The main difference between 2G-SGSN and 3G-SGSN behaviour is due to the move of  link layer functions , ciphering and compression functions (from GPRS LLC, and SNDCP protocols) from the SGSN to the SRNC (now in RLC and L3CE). One of the consequences is that the buffering which was done in the 2G-SGSN, is now done in the SRNC. 

Therefore, user data have to be transferred from the source SRNC to the 2G-SGSN, via the 3G-SGSN. So, the source SRNC has to be informed when it has to transfer the data.

Prior to the transfer of user data, the source 3G-SGSN has to send SGSN CONTEXT RESPONSE to the target 2G-SGSN. This message shall include the L2 acknowledgements for each RLC connection used by the UE (RLC-Ack), in the same way as for Inter-SGSN RA Update. So, the 3G-SGSN has to request RLC-Ack information to the source SRNC. This is achieved by sending a new RANAP message named "SRNS CONTEXT REQUEST". 

The source SRNC will answer by sending back SRNS CONTEXT RESPONSE (RLC-Ack) to the 3G-SGSN. At this point, the 3G-SGSN is able to send SGSN CONTEXT RESPONSE to the target 2G-SGSN.

The 2G-SGSN will inform the 3G-SGSN that the user data have to be transferred by sending to it SGSN CONTEXT ACKNOWLEDGE. The 3G-SGSN asks the source SRNC to start the transfer of user data, then to release the resources, by sending to it IU RELEASE COMMAND (see next section). IU RELEASE COMMAND also gives to the source SRNC the IP address to which it will have to transfer the user data. According to Gn protocol, this IP address was transferred from 3G-SGSN to 2G-SGSN in the SGSN CONTEXT ACKNOWLEDGE message.

The effective release of Iu resources will be initiated after the complete transfer of user data, i.e. after the expiry of the time T3-TUNNEL (see section 1.1.3).

1.1.2 UE state

It is assumed that the UE comes from the Cell or URA Connected State under UMTS. According to TS 25.303, the UE goes through the GPRS Packet Idle Mode.

Therefore, when the UE has selected a GPRS cell, it initiates a RA Update procedure as described in GSM 03.60 section "Inter-SGSN RA Update".

The MS / UE always issues a RA update even in case of UMTS to GSM HO between cells of the same RA. This allows establishing the MS - 2G-SGSN relationship exactly the same way as in GPRS and having the same data retrieve trigger in the 2G-SGSN as in the pure 2G case of inter 2G-SGSN RA update.
1.1.3 Flow sequence chart 

The flow sequence chart in the GPRS part and between 2G-SGSN and 3G-SGSN is unchanged and as described in GSM 03.60. 

Here after is described the procedure in the UMTS part.
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Figure 1: UMTS to GPRS Forward Handover

1. The target 2G_SGSN sends SGSN CONTEXT REQUEST (old RAI, old P-TMSI, Target SGSN Address) to the source 3G_SGSN to get the MM and PDP contexts for the UE. 

2. The source 3G-SGSN requests the necessary information to the SRNC by sending it SRNS CONTEXT REQUEST. 

3. The source SRNC answers to the 3G-SGSN with SRNS CONTEXT RESPONSE. This message contains the RAB Context information. Each RAB Context includes 
· RLC Ack contains the acknowledgements for each RLC connection used by the UE (The Receive State Variable V(R) in the source SRNC for all RLC SAPI in asynchronous balanced mode),
· the GTP sequence number for the next downlink N‑PDU to be sent to the UE, and 
· the GTP sequence number for the next uplink N‑PDU to be tunnelled to the GGSN. 
The source SRNC starts the timer T3-TUNNEL and stops the transmission of N-PDUs to the UE.
4. The source 3G_SGSN responds to the target 2G-SGSN with SGSN CONTEXT RESPONSE (MM Context, PDP Contexts, RLC-Ack). 

5. The target 2G_SGSN sends an SGSN CONTEXT ACKNOWLEDGE message to the source 3G_SGSN. This informs the source 3G_SGSN that the target 2G_SGSN is ready to receive data packets belonging to the activated PDP contexts. 

6. The source 3G-SGSN sends IU RELEASE COMMAND to inform the Source SRNC that the N‑PDUs that are not yet acknowledged by the UE have to be tunnelled to the 2G-SGSN via the 3G-SGSN. This message contains the IP addresses (possibly one address per PDP context) to which the SRNC will have to transfer the N-PDUs and the GTP flow label for each GTP tunnel to be used for the transfer of non acknowledged user data.

7. Then, the source SRNC starts tunneling the buffered downstream N-PDUs to the 3G-SGSN. Additional N‑PDUs received from the GGSN before the timer T3-TUNNEL expires are also duplicated and tunnelled to the target SGSN. N‑PDUs that were already sent to the UE and that are not yet acknowledged by the UE are tunnelled together with the number of the RLC frame that transferred the last segment of the N‑PDU. No N‑PDUs shall be forwarded after expiry of the timer T3-TUNNEL.

8. Upon expiry of T3-Tunnel, the source SRNC executes all necessary procedures to release all visible UTRAN resources that were related to the RRC connection in question.

9. When these resources are released, the Source SRNC sends IU RELEASE COMPLETE message to the 3G-SGSN.

1.2 GPRS to UMTS case

1.2.1 Principles

The main idea of this proposal is to avoid changes in the 2G-SGSN. Therefore, all the procedures used between SGSNs and the associated Gn messages should be reused.

The main difference between 2G-SGSN and 3G-SGSN behaviour is due to the move of L2, ciphering and compression functions of GPRS (LLC, SNDCP) from SGSN to SRNC (RLC, L3CE). One of the consequences is that the buffering, which was done in the 2G-SGSN, is now done in the SRNC. Therefore, data to be transferred from the old 2G-SGSN have to be sent up to the SRNC, via the 3G-SGSN. 

The mechanisms between SGSNs remain unchanged. Furthermore, the transfer of data stored in the old SGSN are transferred to the target SRNC via the same procedures as between two RNCs e.g. in the SRNS relocation procedure and described in TS 23.121, section 4.3.12.2.3.

It should be noted that the proposed procedures do not depend on the type of Transport Channel (DCH, FACH/RACH or DSCH/DCH) used in the UTRAN.

1.2.2 Change of the UE state

It is assumed that the UE comes from the MM Ready State or MM Standby State under GPRS system.

Two solutions are studied:

1. The UE goes back to the UMTS/GPRS IDLE mode before moving to the CONNECTING state, then to the CELL-CONNECTED state.

2. The UE directly goes from the GPRS READY/STANDBY state to the UMTS CELL-CONNECTED state.

In the first case, the UE will re-initiate a RA Update procedure, even if the UMTS and the GPRS cells belong to the same RA (as in GPRS).

In the second case, the UE will perform a Cell Update procedure.

Only the first solution appears reasonable – see next sections.

1.2.3 Actions to be performed

In both cases, for a MS/UE that currently has activated a PDP context, the following actions have to be carried out:

a) Establish a RRC connection between UE and SRNC

b) Establish a signaling connection between SRNC and 3G-SGSN

c) Carry out 3G level security checks: if the MS/UE has been the object of 2G security procedures only, going into 3G coverage may mean the need of 3G security procedures. The different way the security works on 2G and on 3G CN as well as the difference in the security parameters (key length, ...) may imply such new security function to be applied to the UE.. This implies the transfer of security parameters (ciphering key, ...) from 3G-SGSN to SRNC.

d) Retrieve the (not yet acknowledged) downstream data that are stored in the 2G-SGSN in order to forward them to the SRNC with the associated sequence numbers.
1.2.4 Flow sequence chart 

Note that the BSS and the BTS are not shown since the procedures on the GPRS side are those of GPRS inter-SGSN RA Update.
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Figure 2: GPRS to UMTS cell reselection (RA Update)

1. The UE selects a UTRAN cell and establishes a NAS signalling connection.
2. The UE sends a ROUTING AREA UPDATE REQUEST (old RAI, old P-TMSI signature, Update type) to the target 3G_SGSN. Update Type shall indicate RA update or periodic RA update. The UE always issues a RA update even between cells of the same RA. The RNC shall add the RAC and LAC of the cell where the message was received before passing the message to the SGSN.
3. The target 3G_SGSN sends SGSN CONTEXT REQUEST (old RAI, old P-TMSI signature, Target SGSN Address) to the source 2G_SGSN to get the MM and PDP contexts for the UE (The old RAI received from the UE is used to derive the source 2G_SGSN address). 
4. If the old P‑TMSI Signature was valid or if the target SGSN indicates that it has authenticated the MS, the source SGSN stops assigning SNDCP N‑PDU numbers to downlink N‑PDUs received, and responds with SGSN Context Response (MM Context, PDP Contexts). Each PDP Context includes 

· the SNDCP Send N‑PDU Number for the next downlink N‑PDU to be sent in acknowledged mode to the MS, 

· the SNDCP Receive N‑PDU Number for the next uplink N‑PDU to be received in acknowledged mode from the MS, 

· the GTP sequence number for the next downlink N‑PDU to be sent to the MS, and 

· the GTP sequence number for the next uplink N‑PDU to be tunnelled to the GGSN. 

The source SGSN starts the timer T3-TUNNEL and stops the transmission of N-PDUs to the UE.

5. Security functions may be executed.

6. The target 3G_SGSN handles the Update GPRS Location procedure as described in TS 23.121 section 4.3.12.1.2.
7. The target 3G-SGSN validates the UE's presence in the possibly new RA. If all checks are successful, then the target 3G-SGSN constructs MM and PDP contexts for the UE. The target SGSN responds to the UE with ROUTEING AREA UPDATE ACCEPT (P‑TMSI, P‑TMSI Signature, Receive N‑PDU Number). Receive N‑PDU Number contains the acknowledgements for each acknowledged-mode NSAPI used by the UE, thereby confirming all mobile-originated N‑PDUs successfully transferred before the start of the update procedure.

8. The UE acknowledges the new P‑TMSI with a ROUTING AREA UPDATE COMPLETE (P‑TMSI, Receive N-PDU Number). Receive N‑PDU Number contains the acknowledgements for each acknowledged-mode NSAPI used by the UE, thereby confirming all mobile-terminated N‑PDUs successfully transferred before the start of the update procedure. If Receive N‑PDU Number confirms reception of N‑PDUs that were forwarded from the source SGSN, then these N‑PDUs shall be discarded by the target SGSN. LLC and SNDCP in the UE are reset.

9. The target 3G-SGSN deduces from the PDP contexts that one of several Radio Access Bearers has to be established and sends a RAB ASSIGNMENT REQUEST to the SRNC. RAB ASSIGNMENT REQUEST contains a Data Retrieve Flag, which indicates that N-PDUs will be transferred.

10. The SRNC establishes the Radio Access Bearers.

11. When the Radio Access Bearers have been established successfully, the SRNC prepares to receive N-PDUs, and sends a RAB ASSIGNMENT COMPLETE back to the 3G-SGSN with the IP address it wants N-PDUs to be sent.

12. When the 3G-SGSN receives the RAB ASSIGNMENT COMPLETE, it answers to the Source 2G-SGSN by sending it a SGSN CONTEXT ACKNOWLEDGE. This informs the old 2G-SGSN that the target SRNC is ready to receive data packets belonging to the activated PDP contexts. 

13. The source SGSN duplicates the buffered N‑PDUs and starts tunnelling them to the target SGSN. Additional N‑PDUs received from the GGSN before the timer T3-TUNNEL expires are also duplicated and tunnelled to the target SGSN. N‑PDUs that were already sent to the UE in acknowledged mode and that are not yet acknowledged by the UE are tunnelled together with the SNDCP N‑PDU number. No N‑PDUs shall be forwarded to the target SGSN after expiry of the timer T3-TUNNEL.
UMTS case

1.3 Principle

The SRNS relocation mechanism for UMTS supports both real time requirements, where lossless service is not required, and non real time services which require high reliability.

The serving SGSN decides to perform a SRNS relocation with bicasting or with packet forwarding depending on  the QoS of the active PDP contexts.

Bi-casting consists in the downlink direction for the Core Network to send the same data to both the source SRNC and target SRNC. When switching from one SRNC to another, the source SRNC signals to the target which was the last Iu frame transmitted. The target SRNC can then start to act as the new SRNC and bi-casting is stopped.

Packet forwarding consists of arming a timer and tunnelling the buffered downstreams N-PDUs towards the target SRNC. When the timer expires, the source SRNC releases all UTRAN resources.

The mechanism described below is based on one message flow, with either the timer or the bi-casting starting in the process, depending on the active PDP contexts.

There are mainly 2 phases in the relocation mechanism :

1. resource reservation phase

2. SRNC handover phase

1.4 "Resource reservation" Phase
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Figure 3: SRNS Relocation, Reservation phase

During this phase, the transmission of packets (N-PDUs) between GGSN and UE through the source SRNC goes on.

1. 
The source SRNC sends Relocation Required messages to the CN node.

Parameters: target RNC identifier, Information field that the CN node(s) shall pass transparently to the target RNC. This transparent field contains the UE identifier, number of CN nodes and other TBD data.
Upon reception of Relocation Required message each CN element participates in the preparation for switching from old to new Iu interface. User data traffic is not suspended by the CN.

2. 
When preparation is completed the CN node conveys a Relocation Request message to the target RNC. 

Parameters: indication of which bearers should be routed towards this CN node, transparent information field sent by the source RNC, UE identifier.

Included in the SRNS Relocation Request message, the SGSN can provide details of the GTP tunnel that shall be established between the current DRNC and the GGSN (via the SGSN). The DRNC complies by preparing buffer space that will be needed and assigns a GTP Tunnel Binding ID. 

The target RNC uses the UE identifier to link the requests from multiple CN nodes to each other and to the resources (e.g. Iub links) that the UE is currently using.

3.
The target RNC and CN node establish the new Iu transport bearers for each Radio Access Bearer related to that CN node. 

4.
When the RNC has completed its preparation phase, Relocation Request Acknowledge  message is sent to CN. If a GTP Tunnel binding ID is required it is indicated in this message. At this point, the target SRNC is ready to receive the downlink N-PDUs that have not been acknowledged by the UE, from the Source SRNC, or bi-cast by the GGSN.

5.
When the CN node is ready for the SRNC move, the CN node indicates the completion of preparation phase at the CN side for the SRNC relocation by sending the Relocation Command message to the source RNC.

The relocation Command message contains the IP addresses (possibly one address per PDP context) if data forwarding is needed (addresses corresponding to the Target RNC and the GTP flow label for each GTP tunnel to be used for the transfer of non acknowledged user data). If no data forwarding is needed, this is indicated in the relocation command message.

1.5 "Handover of SRNC" Phase 
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6. When the source RNC has received Relocation Command messages from all the CN nodes, the source RNC stops the exchange of N-PDUs with the UE and sends a  Relocation Commit message to the target RNC. The Relocation Commit message contains appropriate information for the target RNC e.g. :

· parameters required to ensure the sequence integrity of the N-PDU user data to be transmitted to the UE (e.g. avoid loss and duplications of N-PDUs to/from the UE).

· Last sequence number assigned to an uplink packet sent over the GTP tunnel towards the GGSN from the current SRNC, and the last downlink packet received over the GTP tunnel towards the GGSN from the current SRNC

· Ciphering parameters that were in use at the current RNC

As an option, the source RNC may not send the SRNC relocation commit message at all (for hard handover for example), in which case the N-PDU sequence integrity can not be maintained and the mechanism for recovery is left for higher layers.

7. If data forwarding is necessary, the source SRNC arms a timer "T3-Tunnel" and starts tunneling the buffered downstream N-PDUs towards the target SRNC via the established GTP tunnel(s). The UL data that were still in the Source SRNC continue to be transmitted normally to the Source SGSN.

If bi-casting is active, the target SRNC begins sending uplink packets on the previously established GTP tunnel towards the GGSN. It continues the downlink packet flow utilizing the bi-casted downlink data.

8. The target SRNC executes both the DL and UL switch for all bearers at the earliest suitable time instance. Immediately after these successful switches, the target RNC (= new SRNC) sends Relocation Complete messages to the involved CN nodes.

9. If bi-casting was active, the SGSN informs the GGSN that the relocation is complete and to return the GTP tunnel to normal state.

10. The target SRNC establishes new RLC connections. This includes the exchange between the target SRNC and the UE of the UP_RLC_Ack and DOWN_RLC_ACK. 

· DOWN_RLC_ACK confirms all mobile-terminated packets successfully transferred before the start of the relocation procedure. If DOWN_RLC_ACK confirms reception of packets that were forwarded from the source SRNC, then these packets shall be discarded by the target SRNC. 

· UP_RLC Ack confirms all mobile-originated packets successfully transferred before the start of the relocation procedure. From now on the exchange of the packets with the UE can restart (point (b)).

11. The target SRNC exchanges the new UTRAN parameters (S-RNTI and SRNC-ID) with the UE.

After the switch UL traffic from node-B's is routed via the newly established Macro Diversity Combiner to the new MAC/RLC entities and finally to the correct Iu transport bearer. UL data transmission to the old Iur transport bearer is ceased. 
DL data arriving from the new Iu link is routed to newly established RLC entities, to the MAC and to the Macro Diversity Splitter and Nodes B.  

12. The target SRNC sends the RRC message System Information to the UE with RA and LA information. This may trigger a Location Update procedure when the UE is in CS-IDLE mode. 
13. The target SGSN sends Network Initiated Update Request NAS message to the UE. This message includes the new RAI, and possible new TMSI. The UE makes necessary updates and sends Network Initiated Update Complete NAS message to the SGSN.
14. The CN node  sends the RANAP message Iu Release Command.

15. Upon reception of the Iu Release Command message, and only when the T3-Tunnel timer has expired (if one had been started), the source SRNC releases all UTRAN resources associated with the PS domain. When CS and PS domain resources have been released, the source SRNC executes all necessary procedures to release all visible UTRAN resources that were related to the RRC connection in question. When these resources are released, the Source SRNC sends Iu Release Complete message to the CN nodes.

At any phase, before the SRNC Relocation Complete message is sent, the old communication link between the CN and UE is all the time existing and working and the procedure execution can be stopped and original configuration easily restored. If any such abnormal thing occurs a SRNC Relocation Failure may be sent instead of any message numbered 3-11 described.

Proposal

It is proposed to update [5] and [8] with chapter 1. The solution for UMTS presented in chapter 2 is seen as a complete framework for support of real time and non real time. It is left for discussion if the solution is to be adopted.

Corresponding changes to [6] and [7] will be further proposed.
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