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RAN WG3 has studied the realisation of Relocation of SRNS from UTRAN point of view. The mechanisms to execute the Relocation of SRNS and inter system handovers are currently specified in such a way that user plane data duplication and losses can basically be avoided. 

These developed mechanisms are always based on exchanging the latest Uu interface sequence numbers which were used before the relocation between Relocation source and UE. These sequence numbers shall be exchanged between the relocation target and UE after the data transmission between UE and relocation source has been stopped and before the data transmission is resumed between UE and relocation target. 

The mechanisms developed are always RAB specific and they can be used basically only for RABs for which the underlying radio bearer provides following services:

-reliable data transmission service 

-in sequence delivery of SDUs

The sequence numbers to be exchaged between UE and relocation target are: 

From UE to Relocation Target:

· The sequence number of an Uu interface Data Unit that carried the last segment of the SDU which was the last SDU provided to the upper layers in UE

From Relocation Target to UE:

· The sequence number of an Uu interface Data Unit that carried the last segment of the SDU which was the last SDU sent to the CN

An annex is attached to this LS, which describes the signalling examples for all cases of relocations or intersystem 'handovers' that will be defined for Release 99. These cases are:

· UMTS to UMTS Relocation without involvement of UE

· UMTS to UMTS Relocation with involvement of UE 

· This type is used in UMTS side also for UMTS -> GSM (CS) and GSM (CS) -> UMTS handovers 

· Forward Handover from UMTS to GPRS

· Forward Handover from GPRS to UMTS

Note: All protocol messages in the Annex, that are not specified within RAN WG3 are shown according to the best understanding of RAN3 and are only for illustrative purposes.

RAN WG3 kindly asks RAN WG2:

· to examine the provided signalling examples in Annex 1 and to check whether they are in line with the assumptions in RAN WG2

· to develop the mechanisms required in the UMTS Uu interface for exchanging the necessary sequence numbers for each of these relocation types  

· to provide RAN WG3 with the information of the correct naming and range for the Uu interface sequence numbers to be inserted in R3 specifications

Annex 1.

1. UMTS TO UMTS RELOCATION WITHOUT UE INVOLVEMENT
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5. Relocation of SRNS is preapared by source RNC , CN and traget RNC. When the CN 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. 

6. When the source RNC has received Relocation Command messages from all the CN nodes and is ready for relocation, the source RNC sends a  Relocation Commit message to the target RNC. 

Parameters: For each RAB: (DL GTP-PDU sequence number, UL GTP-PDU sequence number, UL GTP-PDU Sequence number, UL RLC-PDU sequence number, DL RLC-PDU Sequence number).

7. Target RNC sends Relocation Detect to the CN.  

8. The acknowledged mode RLCs shall be resetted (ffs.)

9. 10. The new UTRAN identifiers (S-RNTI and SRNC-ID) are exchanged between UE and target RNC. The RRC messages used for this purpose are ffs.
11. When the new S-RNTI and SRNC-ID  are communicated between UE and target RNC, target RNC (=SRNC) sends Relocation Complete message to CN. 

The exchange of Uu interface sequence numbers is to be done  somewhere after message 6 and needs to be done before the user plane data transmission for 'lossless' RABs can continue. 

2. UMTS to UMTS RELOCATION WITH UE INVOLVEMENT


[image: image2.wmf]RANAP

RANAP

1. Relocation Required

UE

Node B

Target

RNC

Source

RNC target

SGSN/MSC

RANAP

RANAP

2. Relocation Request

RANAP

RANAP

4. Relocation Request Acknowledge

RANAP

RANAP

11. Relocation Complete

RANAP

5. Relocation Command

RANAP

RRC

RRC

10. 

DCCH

 : 

Handover Complete

RANAP

RANAP

9. Relocation Detect

RRC

6. 

DCCH

 : 

Handover Command

RRC

[Hard 

Handover]

RANAP

12. 

Iu Release Command

RANAP

3. ALCAP 

Iu Data

Transport Bearer Setup

13. ALCAP 

Iu Data Transport Bearer Release

RANAP

RANAP

7. Forward 

SRNS Context

RANAP

RANAP

8. Forward 

SRNS Context


6) Source RNC sends a RRC message HANDOVER COMMAND (Hard Handover) to the UE.

7) When the source RNC receives the Relocation Command, it sends the FORWARD SRNS CONTEXT message to the CN.

Parameters: Cause, RAB ID, DL GTP-PDU sequence number, UL GTP-PDU sequence number, UL GTP-PDU Sequence number, UL RLC-PDU sequence number, DL RLC-PDU Sequence number.

8) When the CN receives the FORWARD SRNS CONTEXT message from the source RNC it sends the FORWARD SRNS CONTEXT message to the target RNC.

Parameters: Cause, RAB ID, DL GTP-PDU sequence number, UL GTP-PDU sequence number, UL GTP-PDU Sequence number, UL RLC-PDU sequence number, DL RLC-PDU Sequence number.

9) When target RNC has detected the UE, RELOCATION DETECT  message is sent to the CN nodes.

Target RNC switches also the UL 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. 

If the DL RLC-PDU sequence number that was received from the MS is greater than or equal to the RLC-PDU sequence number received in the tunnel header of  a NAS-PDU then this NAS-PDU can be discarded since it is known that the MS received it successfully. If this is not the case, then the NAS-PDU must be sent to the MS.

In the MS, if the UL RLC-PDU sequence number that was received from the target SRNS is greater than or equal to the RLC-PDU sequence number of a NAS-PDU that has been sent in the UL but not yet acknowledged, then this NAS-PDU can be discarded since it is known that the system has received it successfully. If this is not the case, then the NAS-PDU must be sent to the system.

10. 
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.

 11
After a successful switch and resource allocation at target RNC, RNC sends Relocation Complete messages to the involved CN nodes. 

The exchange of Uu interface sequence numbers is to be done  somewhere after message 6 (inclusive) and needs to be done before the user plane data transmission for 'lossless' RABs can continue. 

This type of relocation is also used for GSM to UMTS and UMTS to GSM handover and depending the case the sequence numbers might be different and exchanged differently over the air. Note also that in the case when UTRAN is only either relocation target or relocation source, then only relevant parts of this signalling flow are applicable. 

RAN WG2 is asked also to consider whether for this type of relocation different mechanisms to exchange the Uu sequence numbers should be used in UMTS to UMTS case compared to the inter system handovers.

3. FORWARD HANDOVER FROM UMTS TO GPRS
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Figure ZZD: UMTS to GSM GPRS, Inter SGSN Routing Area Update Procedure

4) The old 3G_SGSN sends SRNS Context Request (IMSI) to the SRNS. Upon reception of this message the SRNS buffers and stops sending downlink PDUs to the MS and answers with SRNS Context Response (IMSI, GTP SNDs,  GTP SNUs, RLC counters). The SRNS shall include for each PDP context the GTP sequence number of the next GTP sequence number to be sent in downlink to the MS (i.e. the last not yet transferred N-PDU) and the GTP sequence number of the next uplink PDU to be tunnelled to the GGSN. 
For each active PDP context the SRNS also includes the uplink and downlink RLC transmission counters for PDP contexts using acknowledged mode .
5) The old 3G_SGSN responds with SGSN Context Response (MM Context, e.g. IMSI, PDP Contexts, e.g. APN). For each PDP context the old 3G_SGSN shall include the GTP sequence number for the next uplink T‑PDU to be tunnelled to the GGSN and the next donwlink GTP sequence number for the next N-PDU to be sent to the MS. Each PDP Context also 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 SNDCP N-PDU numbers are derived from the RLC counters received from the SRNS (FFS).

6) Security functions may be executed.

7) The new 2G_SGSN sends an SGSN Context Acknowledge message to the old 3G_SGSN. This informs the old 3G_SGSN that the new 2G_SGSN is ready to receive data packets belonging to the activated PDP contexts. The old SGSN marks in its context that the MSC/VLR association and the information in the GGSNs and the HLR are invalid. This triggers the MSC/VLR, the GGSNs, and the HLR to be updated if the MS initiates a RA update procedure back to the old SGSN before completing the ongoing RA update procedure.

8) The old 3G_SGSN sends SRNS Data Forward Command to the SRNS. 
8a) The SRNS shall start duplicating and tunnelling the buffered T-PDUs to the old 3G_SGSN.

9) …

15) …

16) The new 2G_SGSN validates the MS's presence in the new RA. If due to roaming restrictions the MS is not allowed to be attached in the 2G_SGSN, or if subscription checking fails, then the new 2G_SGSN rejects the routing area update with an appropriate cause. 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 Routing 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 MS, thereby confirming all mobile-originated N‑PDUs successfully transferred before the start of the update procedure.
17) The MS 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 MS, thereby confirming all mobile-terminated N‑PDUs successfully transferred before the start of the update procedure.

The exchange of sequence numbers for this case will be done by GSM protocols and is therefore outside of the scope of 3GPP. 

RAN WG3 needs only the information (name, range) about the Uu interface sequence numbers (referred as RLC-PDU number above), which are to be exchanged over GSM air interface and to be included in the message 4 SRNS Context. 

4. FORWARD HANDOVER FROM GPRS TO UMTS 
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6) The new 3G_SGSN request the SRNS to establish of a radio access bearer by sending RAB Assignment Request to the SRNS. This message includes the UL and DL GTP sequence numbers and the UL and DL N-PDU sequence numbers that were received in the PDP Context from the source system 

Note: The following statements are suggestions for how the N-PDU sequence numbers can be exchanged between the MS and the RNS. The protocol and actual procedure for doing this is in the scope of RAN2.

The SRNS sends Radio Bearer Setup Request to the MS. This message includes the UL N-PDU sequence number.

The MS  responds with Radio Bearer Setup Complete which includes the last DL N-PDU sequence number received from by the MS from the source system.

The SRNS responds with RAB Assignment Response. 

7) The new 3G_SGSN sends a SGSN Context Acknowledge message to the old 2G_SGSN. This informs the old 2G_SGSN that the new 3G_SGSN is ready to receive data packets belonging to the activated PDP contexts. The old SGSN marks in its context that the MSC/VLR association and the information in the GGSNs and the HLR are invalid. This triggers the MSC/VLR, the GGSNs, and the HLR to be updated if the MS initiates a routing area update procedure back to the old SGSN before completing the ongoing routing area update procedure.

8) The old 2G_SGSN duplicates the buffered N‑PDUs and starts tunnelling them to the new 3G_SGSN.N-PDUs that were sent to the MS but have not yet been acknowledged will also be tunnelled to the 3G-SGSN according to the GPRS procedure. Included in the tunnel header will be the N-PDU sequence number assigned to this N-PDU by the SNDCP layer. . Additional N‑PDUs received from the GGSN before the timer described in step 3 expires are also duplicated and tunnelled to the new 3G_SGSN. No N‑PDUs shall be forwarded to the new 3G_SGSN after expiry of the timer described in step 3. The 3G-SGSN forwards the N-PDUs to the RNS over the DL GTP-U tunnel established during the RAB establishment procedure.

If the DL N-PDU sequence number that was received from the MS is greater than or equal to the N-PDU sequence number received in the tunnel header of  an N-PDU then this N-PDU can be discarded since it is known that the MS received it successfully. If this is not the case, then the N-PDU must be sent to the MS.

In the MS, if the UL N-PDU sequence number that was received from the target SRNS is greater than or equal to the N-PDU sequence number of a N-PDU that has been sent in the UL but not yet acknowledged, then this N-PDU can be discarded since it is known that the system has received it successfully. If this is not the case, then the N-PDU must be sent to the system.

A mechanism is required by which the Uu interface sequence numbers for each lossless RAB  (referred as N-PDU sequence number above) can be exchanged between UE and target RNC. 

The exchange is to be done  somewhere after message 6 (RAB Assignment Request) and needs to be done before the user plane data transmission for lossless RABs can continue. 

According to R3 understanding the range for N-PDU sequence number is 0-65535 (SNDCP N-PDU number).
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