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1 Introduction

This contribution describes Nokias understanding of the lossless Relocation procedure. This contribution shows the impacts of the assumed operation to protocols and protocol specifications in RAN WG3. The requirements set for GTP-U and RLC protocols (outside of RAN WG3s scope) are also presented. 

The proposal is to take the presented view of the Relocation procedure as a working assumption in R3. It is also proposed that R3 specifications are updated according to the proposed additions and modifications in this contribution. Finally it is proposed to send a liaison statement for RAN WG2 regarding the requirements for RLC protocol and for CN WG 2 regarding the requirements for the GTP-U protocol.

2 Assumption of basic operation of Relocation towards IP domain:

Note that the messages and protocols between SGSNs are just initial assumptions and are out of scope of R3. The requirements due to the lossless operation are indicated in bold.
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Figure 1. Inter SGSN Relocation signalling procedure.
1 Source RNC initiates the Relocation procedure by sending RELOCATION REQUIRED to the Serving SGSN.

2 Old SGSN selects the UL IP address and GTP flow labels to be used for the UL data towards the old SGSN. Old SGSN sends SGSN Context (MM, SM and PDP context information) to the new SGSN in SGSN CONTEXT TRANSFER message together with the selected IP address and GTP flow labels. The received transparent field is also included.
3 New SGSN selects GTP flow labels and SGSN IP address  for the Uplink GTP-U tunnels for the new Iu interface. SGSN sends the RANAP RELOCATION REQUEST to the target RNC 

4 Target RNC selects the GTP flow labels and RNC IP address for the Downlink GTP tunnels and responds to new SGSN by RANAP RELOCATION REQUEST ACK

5 New SGSN selects the Downlink IP address and GTP flow labels for the DL transmission between new and old SGSN. New SGSN acknowledges the SGSN Context Transfer (after having received Relocation Request Acknowledge from target RNC) by SGSN CONTEXT TRANSFER ACK message to the old SGSN includes the DL IP address and GTP flow labels.

6 SGSN selects for each bearer requiring lossless relocation the GTP flow label and IP address for the data to be returned from source RNC. SGSN indicates this information to source RNC by RANAP RELOCATION COMMAND message.  SGSN continues to send the DL data to the source RNC.

7 Source RNC starts forwarding copies of DL GTP-U PDUs from source RNC towards the SGSN via the new GTP-U tunnels. For all GTP-PDUs that were at least partly sent towards the UE (but not completely acknowledged) the L2 PDU number which carried the last segment of the GTP-PDU is included to the returned GTP-PDU. Old SGSN sends these PDUs to the GTP tunnel indicated by target SGSN. Source RNC keeps a copy of all forwarded DL GTP-PDUs, for the case if the UE returns back to the source RNC. 

8 Source RNC sends RNSAP SRNC RELOCATION COMMIT to the Target RNC. This message indicates the sequence number of the first DL GTP-PDU to be sent to the UE by the target RNC. The sequence number of the first GTP PDU to be forwarded to the SGSN and the sequence number of the air interface L2-PDU that carried the last segment of the GTP-PDU which was last transmitted to SGSN form source RNC.
9 Target RNC starts to act as a serving RNC and sends RANAP RELOCATION DETECT to the SGSN. 
In RLC reset the target RNC indicates the L2-PDU that carried the last segment of the GTP-PDU that was laredy forwarded to CN. UL data transmission shall continue fwith the next available L2_PDU sequence number.

In RLC reset the UE indicates the seq.nr of the DL L2-PDU that carried the last segment of the SDU which was already completewly received by UE. L2 sequence number of the Data transmission should continue from the first unacknowledged DL L2 PDU after the RLC is reset. 


10 Target RNC sends RRC RRC STATUS to the UE indicating the newly allocated identifiers to the UE 
Parameters: s-RNTI, SRNC-ID, UMM information.
11  New SGSN forwards the Relocation Detect to the old SGSN. Old SGSN switches the RT traffic directly towards the new SGSN. 

12 UE acknowledges the RRC STATUS message.

13 Target RNC sends the RANAP RELOCATION COMPLETE to the new SGSN.

14 New SGSN forwards the RELOCATION COMPLETE to the old SGSN. SGSN switches the NRT traffic directly towards the new SGSN i.e. to the same GTP tunne that was already used for data forwarding.

15 SGSN initiates the resource release from the source RNC by sending RANAP IU RELEASE COMMAND message. Parameters: Cause value = 'Successful SRNC relocation'
16 Source RNC releases all the GTP identifiers and other resources controlled by itself and acknowledges the release of resources to the SGSN by RANAP IU RELEASE COMPLETE message.

3 Specific Requirements for UTRAN and CN by the "Lossless" requirement

3.1 Source RNC

Serving RNC must be able to return all GTP-PDUs which are not yet completely acknowledged in RLC layer back to source SGSN until Iu is release due to successful Relocation.  This applies both for GTP-PDUs forwaded to local RLC layer or to target RNC (during relocation). 

After having received Relocation Command source RNC shall start to copy the received GTP-PDUs to the established GTP tunnel for data forwarding.

3.2 Target RNC

Target RNC must check the L2-PDU number associated to incoming DL GTP-PDUs and compare this to the one received from UE at RLC reset. Target RNC shall discard DL GTP-PDUs carrying the L2-PDU sequence number lower or equal to the one given by UE in the RLC reset. 

3.3 Source SGSN

Source SGSN shall be able to receive DL GTP-PDUs both from source RNC and GGSN during the relocation and source SGSN shall forward these to the same GTP tunnel towards target SGSN or if the source SGSN is the same as target SGSN then directly to target RNC).

3.4 Target SGSN

No additional requirements.

3.5 RANAP, TS 25.413

In Relocation Preparation procedure, after following sentence :" As a response to the RELOCATION REQUIRED message the CN sends RELOCATION COMMAND to the source RNC." add following text:

"This message includes necessary information to start the possible data return process for the lossless radio access bearers"

Following optional group of parameters shall be added to the Relocation Command message

Lossless Bearers x n 

O

    Bearer ID

M

    Transport address

M

    Iu transport association

M

3.6 RNSAP, TS 25.423

Rename the message SRNS RELOCATION COMMIT to RELOCATION COMMIT. The Relocation Commit message shall be used independently whether Relocation is used for SRNS Relocation or Hard Handover.

Add following description of the Relocation Commit message to the procedure description.

This message indicates for each  lossless bearer:

· the sequence number of the first GTP-PDU that shall next be sent to the UE by the target RNC 

· the sequence number of the first UL GTP-PDU that shall next be forwarded to CN  by the target RNC

· the sequence number of the L2-PDU that carried the last segment of the last UL GTP-PDU already forwarded to SGSN

Following optional group of parameters to the Relocation Commit message shall be added:


Lossless Bearers x n 

O

    Bearer ID

M

    DL GTP-PDU Sequence number

M

    UL GTP-PDU Sequence number

M

    UL L2-PDU Sequence Number

M

3.7 GTP-U protocol  (Iu User plane)

Each GTP-PDU shall have a field for the L2-PDU number which carried the last segment of that GTP-PDU. This field shall be used only if all the segments of the GTP-PDU have been sent over the air. 

Send a liaison statement to N2 describing the adopted working assumption in RAN WG3. Following text indicates the intention of the liaison statement:

"RAN WG3 has adopted a working assumption by which in Relocation procedure the lossless operation is achieved by forwarding DL GTP-PDUs from source RNC to target RNC via Iu interface. To enable duplicate detection in target RNC each message carrying the forwarded GTP-PDU shall be able to carry sequence number indicating the L2 PDU that carried the last segment of the GTP- PDU over the air interface from source RNC. The details for the length of this field are ffs.

According to the understanding in R3 this mechanism is existing already in GPRS GTP-U protocol."

3.8 UTRAN Functions, Examples on Signalling Procedures, SRNS RELOCATION:

Replace the existing chapter 9.14.3 SRNS Relocation (UE connected to two CN nodes) by following 

(Note that this new text updates also the Relocation signalling procedure to correspond the current version of UMTS TS25.413)
SRNS Relocation (UE connected to two CN nodes)

This example shows SRNS Relocation, in situation in which the UE is connected to two CN nodes simultaneously. It is assumed that:

· all cells in the active set are in one DRNC;

· the CN performs hard switching of the user traffic.
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SRNS Relocation (UE connected to two CN nodes)

Note that the SRNC makes the decision to perform the Serving RNC relocation procedure. The Serving RNC also decides into which RNC (Target RNC) the Serving RNC functionality is to be relocated.

1./2. 
The source SRNC sends Relocation Required messages to both CN nodes.

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 the CN element prepares itself for the switch and may also suspend user data traffic and/or signalling between UE and itself for some bearers.

3./4. 
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.

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.
FFS: The target RNC allocates necessary Iur branches to be used after the SRNS Relocation switch will be made.

5. 
The target RNC and CN node establish the new Iu transport bearers for each Radio Access Bearer related to that CN node. 

6./7.
When the source RNC and the target RNC have completed its preparation phase, Relocation Request Acknowledge message is sent to CN. 

8./9.
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 SRNS Relocation by sending the Relocation Command message. Message 8 (from SGSN) contains the IP address and GTP flow label for each GTP tunnel to be used to return the data of lossless bearers to CN. 
10.
When the source RNC has received Relocation Command messages from all the CN nodes, the source RNC sends a  Relocation Commit message to the target RNC. This message includes for each lossless bearer the sequence number of the first DL GTP-PDU that shall be sent to the UE by target RNC and the sequence number of the first UL GTP-PDU that shall be forwarded to the CN by the target RNC also  the sequence  number of the L2-PDU which carried the last segment of the UL GTP-PDU that was the last already forwarded to CN.

Source RNC starts to forward received GTP-PDUs for lossless bearers to the established GTP tunnels.

The target RNC executes both the DL and UL switch for all bearers at the earliest suitable time instance. 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. The DL data received from the old Iur is discarded.

11./12. Immediately after a succesfull switch at RNC, target RNC (=SRNC) sends Relocation Detect messages to the involved CN nodes. 

Upon reception of messages 11 and 12, the CN switches the non lossless bearers from the old Iu transport bearers to the new ones.

13./14 Target RNC exchanges the new UTRAN parameters (s-RNTI and SRNC-ID) with the UE.

15./16. After a successful exchange of new UTRAN parameters with UE, the target RNC sends Relocation Complete messages to the involved CN Nodes. 

Upon reception of messages 15 and 16, the CN switches the lossless bearers from the old Iu transport bearers to the new ones.
After having received message 15/16 CN initiates the release of the Iu connection towards source RNC.


At any phase, before the SRNS 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 SRNS Relocation Failure may be sent instead of any message numbered 3-11 described.

3.9 UTRAN Functions, Examples on Signalling Procedures, SRNS RELOCATION:

Replace the existing chapter 9.13.1.4 with the following:

Hard Handover with switching in the CN (UE connected to two CN nodes, DCH state)

This example shows Inter-RNS Hard Handover with switch in CN, in a situation in which the UE is connected to two CN nodes simultaneously node and will be using one node B directly under the target RNC after the hard handover. 
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Hard Handover with switching in the CN (UE connected to two CN nodes, DCH state)

Serving RNC makes the decision to perform the Hard Handover via CN. Serving RNC also decides into which RNC (Target RNC) the Serving RNC functionality is to be relocated. 
1./2.
SRNC sends Relocation Required messages to both CN nodes. 

Parameters: target RNC identifier, Information field transparent to the CN node and to be transmitted to the target RNC.
Upon reception of Relocation Required message CN element prepares itself for the switch and may also suspend data traffic between UE and itself for some bearers. 

3./4.
When preparation is completed CN node conveys a Relocation Request message to the target RNC.

Parameters: bearer ID's requested to be rerouted towards the CN node, from which the Relocation Request originated.
CN indicates in the message whether it prefers point to multipoint type of connections within CN or hard switch in CN. In this example the latter is assumed.

Target RNC allocates necessary resources within the UTRAN to support the radio links to be used after completion of the Hard Handover procedure. 

5./6./7
Target RNC and CN node establish the new Iu transport bearers for each Radio Access Bearer related to the CN node. When RNC has completed preparation phase, Relocation Request Acknowledge is sent to the CN element.

Parameters: transparent field to the CN which is to be transmitted to the Source RNS. 

.8./9.
When CN is ready for the change of SRNC, CN node sends a Relocation Command to the RNC. Message contains the transparent field provided by Target RNC.
Parameters: information provided in the Information field from the target RNC.Message 9 (from SGSN) contains the IP address and GTP flow label for each GTP tunnel to be used to return the data of lossless bearers to CN. 

10.
Source RNC sends a RRC message Handover Command (Hard Handover) to the UE. 

Parameters: Handover type, new s-RNTI and RNC-ID..
11 
Source RNC sends the Relocation Commit to the Target RNC. This message includes for each lossless bearer the sequence number of the first DL GTP-PDU number that shall be sent to the UE by the target RNC, the sequence number of the first UL GTP-PDU that shall be forwarded to the CN by the target RNC and the L2-PDU sequence number which carried the last segment of the UL GTP-PDU that was the last alredy forwarded to CN.  Source RNC starts to forward received GTP-PDUs for lossless bearers to the established GTP tunnels.

12./13When target RNC has detected the UE, Relocation Detect message is sent to the CN nodes.
Target RNC switches also the connection towards the new Iu, when UE is detected. After the switch UL traffic from node-B's is routed via the newly established MDC to the new MAC/RLC entities and finally to the correct Iu transport bearer. 
DL data arriving from the new Iu link is routed to newly established RLC entities, to the MAC and to the MD-splitter and Nodes B. Upon reception of Relocation Detect CN switches all the non lossless bearers directly towards the target RNC.
14. 
When the RRC connection is established with the target RNC and necessary radio resources have been allocated the UE sends RRC message Handover complete to the target RNC.

 15./16RNC sends Relocation Complete messages to the involved CN nodes. Upon reception of Relocation Complete CN switches all the lossless bearers directly towards the target RNC.
At any phase, before the 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 unexpectional thing occurs a Relocation Failure message may be sent instead of any message numbered 3-10 and 13-14 described in this above.

The CN initiates the release of the Iu connections to the source RNC. 

3.10 RLC Protocol

A liaison statement to RAN WG2 shall be sent to ask RAN WG2 opinion about the RLC functionality required for Lossless Relocation. Following paragraphs present the requirements as seen by R3. Together with this paragraph a signalling sequence of the lossless relocation shall be sent to WG2.

"Regarding UL:

During Relocation procedure source RNC indicates in Relocation Commit (over Iur) the sequence number of the UL L2-PDU which carried the last segment of the last GTP-PDU already forwarded to CN.

Target RNC shall indicate the sequence number of the indicated UL L2-PDU number to the UE in RLC RESET message. 

UE shall consider all RLC-PDUs having smaller RLC-PDU number (inclusive) compared to the indicated L2-PDU to be acknowledged by UTRAN. 

UE shall also discard all already segmented RLC-PDUs having larger sequence number than the indicated L2-PDU seq nr. UE shall resegment all L2 SDUs which were not completely acknowledged by UTRAN (i.e. L2-SDUs which were segmented to L2-PDUs having larger Seq.Nr than the indicated L2-PDU. 

After RLC reset the RLC transmission shall begin from the indicated L2-PDU seq. nr +1. 

(Or some other mechanism is used which ensures that there is no possibility to end up into different HFN values in UTRAN and UE and that there are no possible confusions regarding the referred RLC-PDUs and RLC-SDUs in case of subsequent or unsuccessful RLC resets.)

Hyper Frame Number (HFN) continues normally.

Regarding DL:

Source RNC forwards all not yet completely acknowledged GTP-PDUs to target RNC via CN and Iu interface. Piggypacked to each forwarded GTP-PDU there is the sequence number of the L2-PDU which was used to carry the last segment of that GTP-PDU over air (between source RNC and UE). If the GTP-PDU was not yet segmented at all in source, then the L2-PDU field is left empty.

When UE receives RLC RESET, UE indicates the sequence number of the L2-PDU which carried the last segment of the L3-CE PDU already completely received and which is thus already forwarded to the upper layers in UE.  This L2-PDU seq.number is sent to target RNC in RLC RESET ACK. 

Target RNC shall discard all forwarded DL GTP-PDUs carrying a smaller L2-PDU number than the one indicated in RLC RESET ACK. 

After RLC reset the first RLC-PDU to be transmitted by the resetted DL RLC (intarget RNC) shall be the indicated L2-PDU seq nr by UE +1. The hyperframe number (HFN) continues normally. (Or some other mechanism is used which ensures that there is no possibility to end up into different HFN values in UTRAN and UE and that there are no possible confusions regarding the referred RLC-PDUs and RLC-SDUs in case of subsequent or unsuccessful RLC resets.) "

_991123876.doc


16. Relocation Complete







5. ALCAP Iu Data Transport Bearer Setup







SGSN/MSC







MSC/SGSN







RNC



Target







RNC



Source







Node B











RRC







11. Relocation Detect







RANAP







7. Relocation Request Ack.







RANAP







RANAP







13. RNTI Reallocation







1. Relocation Required







RANAP







8. Relocation Command







RANAP











3. Relocation Request







RANAP







RANAP











RANAP







RANAP







6. Relocation Request Ack.







RANAP







RANAP







RANAP







RRC











2. Relocation Required







RANAP







RANAP







UE







RANAP







RANAP







9. Relocation Command







RANAP











RANAP







12. Relocation Detect







RANAP







RANAP







10. SRNC Relocation



Commit







RNSAP







RNSAP







15. Relocation Complete







RANAP







RANAP







4. Relocation Request







RANAP











RANAP







14. RNTI Reallocation Confirm







RRC











RRC












_991125313.doc


15. Relocation Complete







RANAP







SGSN/MSC







MSC/SGSN







RNC target







RNC



Source







Node B



Target







RANAP















7. Relocation Request Acknowledge







RANAP







RANAP







8. Relocation Command







1. Relocation Required







RANAP







12. Relocation Detect







RANAP







4. Relocation Request







RANAP







RANAP











RANAP







RANAP







6. Relocation Request Acknowledge







RANAP







5. ALCAP Iu Data Transport Bearer Setup







RANAP











2. Relocation Required







RANAP







RANAP







UE







RANAP







RANAP







13. Relocation Detect







RANAP







RANAP































16. Relocation Complete







RANAP







RANAP







3. Relocation



Request







RANAP











RANAP







9. Relocation Command







10. DCCH : Handover Command







RANAP







RANAP







RRC







RRC







RRC







RRC







14. DCCH : Handover Complete







[Hard Handover]



























11. Relocation Commit







RNSAP







RNSAP












_987600404.doc


14. Relocation Complete







GGSN







Target RNC







New SGSN







Old SGSN







RNC



Source







3. Relocation



Request







RANAP







15. Iu Release Command







RANAP







4. Relocation 



Request Ack







RANAP







RANAP







 2. SGSN Context 



Transfer







1. Relocation Required







RANAP







RANAP







16. Iu Release Complete







11. Relocation Detect







RANAP







 5. SGSN Context



Transfer ACK







GTP-C







RANAP















RRC











GTP-C







GTP-C











9. Relocation Detect







UE







12. RRC Status ack







RRC







6. Relocation 



Command







RANAP







RANAP







10. RRC Status







RRC







RRC







8. SRNC Relocation Commit







RNSAP







RNSAP







13. Relocation Complete







RANAP







RANAP







GTP-C







GTP-C











GTP-C







HLR







GTP-C







RANAP







RANAP







RANAP







RANAP







GTP-C



















































































































RT bearers routed towards target RNC







7. GTP-U: NRT DL data  forwarding started from old RNC to new RNC 











NRT bearers routed  towards target RNC
















