3GPP TSG-RAN WG3 Meeting #59
R3-080201
Sorrento, Italy, 11 - 15 February 2008

Agenda item:

12
Source:
Nokia Siemens Networks, Nokia
Title:
Data Forwarding Scheme for Enhanced Relocation 
Document for:

Approval
1
Introduction
At RAN#37 meeting, the new WI: Enhancements for SRNS Relocation Procedure was approved. 

The objectives of the WI is to reduce delay, signalling and processing load compared to current/Rel7 SRNS Relocation procedure. 

As the solution for Enhanced relocation, the relocation which takes same approaches with LTE X2 HO has been proposed and has been captured as solution 1 in the R3.021. During the discussion on the solution, the data forwarding scheme for the solution has been identified as open issue.
This contribution reviews the data forwarding scheme for R99 Relocation and LTE X2 HO and proposes the data forwarding scheme for the enhanced relocation.

2 Review on existing data forwarding schemes
2.1 R99 Relocation

Data forwarding scheme during the R99 Relocation (normal SRNS Relocation) is as below. 

1. Source RNC decides to execute the relocation and sends RANAP: Relocation Required to SGSN. The SGSN sends RANAP: Relocation Request to Target RNC and receives Relocation Request Acknowledge from the RNC.
2. The SGSN selects the RABs which data forwarding is executed and includes the info for the RABs in RABs Subjects to Data Forwarding (e.g. DL TEID which Source RNC forwards the data to) in Relocation Command sent to Source RNC. 
3. Source RNC selects the RAB which the data-forwarding is executed within the received RABs Subjects to Data Forwarding. And at this point, the Source RNC decides to execute the PDCP reservation (lossless relocation) for the RAB from QoS Profile (e.g. Delievery Order etc). 
4. Source RNC sends Target RNC RNSAP: Relocation Commit. E.g in case of lossless relocation the message contains. 
· DL GTP-PDU SN: next DL GTP-PDU to be sent to UE

· UL GTP-PDU SN: next UL GTP-PDU to be sent to GSN
· DL N-PDU SN : the first transmitted but not yet acknowledged PDCP SDU
· UL-N-PDU SN: next PDCP SDU expected to be received from the UE 
5. Source RNC starts forwarding the DL data to Target RNC. (Note: SRNC may start to execute the data forwarding before sending Relocation Commit.) The DL re-ordering is done at GTP-u layer based on GTP SN included in the received GTP PDU.
6. Target RNC sends SGSN RANAP: Relocation Detect and sends the UE UTRAN Mobility Information. It contains next UL PDCP-PDU SN which the the RNC receives from UE in case of lossless relocation.
7. UE replies the UTRAN Mobility Information Confirm. It contains the DL PDCP-PDU SN which indicates the next expected DL PDCP PDU the UE expected to receive from the RNC. 

8. Relocation procedure is continued.

More detail in [1, 2, 3, 4] and one example for the data forwarding during the relocation is in Annex B.
2.2 LTE X2 HO

Data forwarding scheme during the LTE X2 HO is as below. 
1. Source eNB decides to execute X2 HO and it decdies to execute the DL data forwarding (for PDCP reservation) or not per SAE Bearer which RLC UM is used. (Note: DL Data forwarding must be always executed for RLC AM) And Source eNB sends the X2:HO Request to Target eNB.
2. Target eNB receives the X2 message and it replies the source eNB the HO Request ACK. For SAE Bearer which DL Forwarding is executed, it includes the GTP TEID for the forwarded DL data in the message. And for the SAE Bearer which the Target eNB wants to execute UL data forwarding, it contains the GTP TEID for the forwarded UL Data in the message.   
3. Source eNB sends UE RRC: HO Command message and the eNB sends the target eNB X2: SN Status Transfer. It contains

- DL PDCP-PDU SN: next PDCP SN that the target eNB shall assign to new SDUs, not having a PDCP SN yet.
- UL PDCP-PDU SN: next expected in sequence PDCP SN that the target eNB receives 
- UL PDCP-PDU SN which UE needs (or does not need) to retransmit. (Currently FFS for X2 work). 
And The target eNB informs UE the UL PDCP PDU which UE does not need to retransmit or retransmit. (FFS) 
4. For the DL, the source eNB stopps assigning PDCP SN and start forwarding the target eNB the GTP PDU containing the PDCP PDU with the assigned SN and forward the one without SN until it receives the “end marker” from S-GW. (Note: Source eNB may start the forwarding before sending SN Status Transfer). For UL, it forwards GTP PDU contains out-of sequence received PDCP PDU with SN. 
5. S-GW stops sending DL data to source eNB after reception of user plane update info form MME and send the “end maker” to the source eNB and start sending the DL data to the target eNB.
6. After reception of the end marker forwarded from source eNB, the target eNB start to assign the PDCP SN to the received GTP PDU from S-GW.
3 Data Forwarding Scheme for Enhanced Relocation  
DL Forwaring

The proposed solution for the enhanced relocation takes the same approach with LTE X2 HO, which the CN is not involved until the relocation is completed in RAN. Therefore, same issue with LTE HO, which the SGSN continues to transmit DL GTP PDU until it receive the Relocation Complete + as in Figure 1 is applied and there are cases Target RNC receives the DL GTP PDU sent from SGSN before it receives the PDU forwarded from the Source RNC.
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However, for in-sequence delivery, GGSN includes the SN in the GTP PDU so that as in R99, there are no issue for the DL re-ordering in target RNC for the enahcend relocation. 

The SAE/LTE solution on “no GTP SN in GTP PDU ane end-maker solution“ may be considered as other alternative but this solution has impacts the GGSN implementation and the gain of the solution(which is less complexity etc) can not be worth considering the drawback which impacts the GGSN.  

Proposal1) GTP SN is used for DL Re-ordering in Target eRNC as in R99.
Same as R99 Relocation, there are needs to inform the Target RNC the DL N-PDU SN which indicate the first ttransmitted but not yet acknowledged PDCP SDU from Source RNC to let the the target RNC to know which PDCP PDU it starts to send to UE. In addition, the corresponding DL GTP PDU should be known to the target RNC.

Same with the DL, UL N-PDU SN which the target RNC start to receive from UE and GTP-PDU SN which the target RNC starts to use need to be signalled to the Target RNC. 

For carrying the information which same with R99 information, to utilize existing RNSAP: Relocation Commit message can be considered for the message with less impact to spec or no impact. (Specification impact is FFS)  
Proposal2) RNSAP: Relocation Commit message is used for carrying UL/DL Re99 N and GTP-PDU SN from Source RNC to Target RNC 
UL Forwaring: 
The UL forwarding is not supported in R99 Relocation. Main benefit of the UL data forwarding in the LTE is to reduce the unnecessary UL PDCP PDUs which the UE needs to retransmit the Target eNB from the first transmitted but not yet confirmed PDU by forwarding the PDUs from the Source eNB to the Target eNB.
This main benefit can be archieved by sending the UE the information which the UE does not need to retransmit the UL PDCP PDU or should retransmit from the Target eNB.  
For obtaining the benefits for the UL data forwarding, we need to have impacts to UE behavior, which is against the agreed requirement for the enhanced relocation. Thus, it is proposed not to apply the UL data forwarding for the enhanced relocation. 

Proposal3) UL Data Forwarding is not applied for Enhanced Relocation.
Regarding node which selects the RAB that DL data forwarding is executed, similar to R99 Relocation and LTE X2 HO, the source RNC should select the RABs. 
The information on the RAB is informed to the target RNC by RNSAP: Relocation Request+ and the target RNC informs the DL TEID etc by Relocation Request ACK+, which is same approach with LTE X2 HO.  

Proposal 4) Source RNC selects the RAB to be data forwarded and inform the info in Relocation Request+. Target RNC informs the DL TEID etc for the RAB to be data forwarded in Relocation Request Ack+.

Consdiering the above four proposals, data forwarding scheme during the enhanced relocation (solution 1in TR) will be as below. 
1. Source RNC decides to execute enhanced relocation and it decdies to execute the DL data forwarding for some RAB based on QoS profile. And the Sourrce RNC sends the RNSAP: Relocation Request+ which contains the information tells which RAB that DL forwarding should be excuted to the Target eNB.

2. Target RNC receives the RNSAP message and it replies the source RNC the Relocation Request ACK+ with DL TEID etc for the RAB which data forwarding is executed. 

3. Source RNC sends Target RNC RNSAP: Relocation Commit with the following R99 SN IEs.

· DL GTP-PDU SN: next DL GTP-PDU to be sent to UE

· UL GTP-PDU SN: next UL GTP-PDU to be sent to GSN

· DL N-PDU SN : the first transmitted but not yet acknowledged PDCP SDU
· UL-N-PDU SN: next PDCP SDU expected to be received from the UE 
4. Source RNC starts forwarding the DL data to Target RNC. (Note: Source RNC may start to execute the data forwarding before sending the Relocation Commit.) The DL re-ordering is done at GTP-u layer based on GTP SN included in GTP PDU.

5. Target RNC sends the UE UTRAN Mobility Information. It contains next UL PDCP-PDU SN which the the RNC receives from UE in case of lossless relocation.

6. UE replies the UTRAN Mobility Information Confirm. It contains the DL PDCP-PDU SN which indicate the next expected DL PDCP PDU UE expected to receive from RNC. 

7. The Target RNC sends SGSN and Relocation Complete+ and SGSN stop sending DL GTP PDU to Source RNC.

8. SGSN sends the Target RNC Relocation Complete ACK+ and start to send DL GTP PDU to target RNC/new SRNC.

4 Conclusion

In this contribution, we review the existing data forwarding scheme for the relocation/LTE X2 HO and consider the data forwarding scheme appropriate for the enhanced relocation.
For data forwarding for solution 1 in section 6.1 in R3.021, it is proposed that RAN3 to agree 
Proposal1) GTP SN is used for DL Re-ordering in Target eRNC as in R99.

Proposal2) RNSAP: Relocation Commit message is used for carrying UL/DL Re99 SN and GTP-PDU SN from Source RNC to Target RNC 

Proposal3) UL Data Forwarding is not applied for Enhanced Relocation.

Proposal 4) Source RNC selects the RABs to be data forwarded and inform the info in Relocation Request+. Target RNC informs the DL TEID for the RABs to be data forwarded in Relocation Request Ack+.

In addition, it is proposed to apply the proposed scheme for proposed solution in [5].   
And finally it is propose to agree the TP in Annex A for the R3.021.
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Annex A: Text Proposal 

6
Study Areas

The main text of the document should start here, after the above clauses have been added.
6.1
Solution 1

6.1.1
General

The solution takes same approaches with LTE inter-eNode B X2 HO, which is initiated by X2 message. 

The CN node is not involved until the relocation is completed in UE, thus, RANAP messages exchanged between CN and RNCs is significantly reduced. 

The enhanced relocation is applicable only for intra-SGSN relocation. The Rel7 type of relocation, in which the CN is involved in relocation preparation, shall be executed in inter-SGSN case even if the RNC supports the enhanced relocation. 

The enhanced relocation is not applicable in such deployment scenario where SGSN does not support the new relocation scheme. RNC needs to be implemented to manage the scenario where the SGSN does not support the enhanced relocation, i.e. the execution of the new relocation scheme can be prohibited by properly setting respective configuration parameter.  
6.1.2
Signalling Flows
The signalling flow for solution 1 for the enhanced SRNS Relocation procedure are in the Figure-6.1- 1: Combined Hard Handover and SRNS relocation, and Figure-6.1- 3.
Combined Hard Handover and SRNS relocation
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Figure-6.1- 1: Combined Hard Handover and SRNS relocation
In the proposed alternative, it is considered that the Iur interface exists between the source RNC and Target RNC. Note: If Iur interface is not existing, the traditional SRNS relocation will be used (HHO via core network)
Optimized SRNS Relocation flow:
1- Based on the measurement reports, Source RNC decides to relocate the UE to a neighboring RNC (Target RNC).

2- Source RNC sends RNSAP Relocation Request+ message to the Target RNC, with the required information for the Target RNC to start the HO preparation. Target RNC may perform Admission control and configures the necessary resources on the Target side. Source RNC contains the information for the RABs which DL Data forwarding is executed in the message.
3- Target RNC decides to accept the request and replies an RNSAP Relocation Request Ack+ containing RRC Reconfiguration message to the Source RNC. For RABs which DL data forwarding is executed, the Target RNC includes the Transport Layer Address and Iur Transport Association in the RNSAP Relocation Request Ack+. After the reception of the Relocation Request Ack+, the Source RNC may begin forwarding of DL data to the Target RNC.
4- Source RNC sends the RRC Reconfiguration message (e.g. Physical Channel Reconfiguration) to the UE, with the required physical channel information etc on the Target cell. 
5- On receiving the RLC layer Acknowledge from UE, Source RNC sends RNSAP Relocation Commit to the Target RNC. The message contains SRNS Context including the sequence number of GTP-PDU next to be transmitted in UL/DL and the next PDCP sequence number that would have been used to send and received from UE in case delivery order is required or case of PDCP reservation.
6- Target RNC receives RRC Physical Channel Reconfiguration Complete on target cell.
7- Target RNC sends the RANAP Relocation Complete+ message to the SGSN, indicating that relocation is happened on the UE.

8- SGSN configures the necessary Iu resources for the Target RNC and acknowledges with “RANAP Relocation Complete Ack+” Message to the Target RNC.

9- Target RNC initiates release of the resources in the source RNC by sending RNSAP: Resource Release.   

Combined Cell/URA update and SRNS relocation
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Figure-6.1- 2: Combined Cell/URA Update and SRNS relocation
1. UE reselect the cell under neighbour RNC of current SRNC and send Cell/URA Update. 
2. The RNC(Target RNC) forwards Cell Update to the source RNC. 
3. Source RNC decided to relocate the UE to the neighbor RNC (Target RNC) and sends RNSAP Relocation Request+ message to the Target RNC, with the required information for the Target RNC to start the HO preparation. Source RNC contains the information for the RABs which DL Data forwarding is executed in the message. Target RNC may perform Admission control and configures the necessary resources on the Target side.
4. Target RNC decides to accept the request and replies RNSAP Relocation Request Ack+ . For RABs which DL data forwarding is executed, the Target RNC includes the Transport Layer Address and Iur Transport Association in the message. After the reception of the Relocation Request Ack+, the Source RNC may begin forwarding of DL data to the Target RNC.
5. Source RNC sends RNSAP Relocation Commit to the Target RNC. The message contains SRNS Context including the sequence number of GTP-PDU next to be transmitted in UL/DL and the next PDCP sequence number that would have been used to send and received from UE in case delivery order is required or case of PDCP reservation 
6. Target RNC sends UE e.g. RRC UTRAN Mobility Information to inform the new S-RNTI for the UE
7. Target RNC receives the UTRAN Mobility Information Confirm from the UE.
8. Target RNC sends the RANAP Relocation Complete+ message to the SGSN, indicating that relocation is happened on the UE.

9. SGSN configures the necessary Iu resources for the Target RNC and acknowledges with “RANAP Relocation Complete Ack+” Message to the Target RNC.

10. Target RNC initiates release of the resources in the source RNC by sending RNSAP: Resource Release.   

SRNS relocation
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Figure-6.1- 3: SRNS relocation
1. RL(s) have been established between UE and DRNC(Target RNC). 
2. Source RNC decides to relocate the UE to the DRNC (Target RNC) and sends RNSAP Relocation Request+ message to the Target RNC. The Target RNC may perform Admission control and configures the necessary resources on the Target side. Signaling flow after 2 is same with 4-10 describing signaling flow for Combined Cell/URA Update and SRNS relocation in  above. 
Advantage of this alternative: 
· The total number of required messages exchanged over the Iu interface is just only two whereas the Rel7 relocation requires eight messages. So one can see that this scheme can significantly reduce CN load and HO delay.  

· The number of message containing an RRC container is two in the UE involved case and one in the UE not involved case, so that the total signalling load (data volume for the required messages) required for this alternative is almost equal or less than half of the one required in Rel7 Relocation.   
6.1.x
Data Forwarding
· As in R99 Relocation, only DL Data forwarding is applied. 
· As in R99 Relocation, GTP Sequence Number is used for the DL re-ordering at GTP-u layer in the Target RNC
· As in R99 Relocation, the RNSAP: Relocation Commit is used for carrying SN information for forwarding.
· As in LTE X2 HO, the source RNC selects the RAB to be data forwarded and Target RNC informs the Source RNC the TLA and Iur Association in Relocation Request ACK+. 
6.1.3
Comparison to Rel7 Relocation

· Configuration parameter tells CN’s capability is required to be set in each RNC for prohibiting the execution of the enhanced relocation.
· Relocation preparation procedure is executed on Iur interface, i.e. Relocation Request and Relocation Request ACK is sent via the Iur interface

· Resource is not reserved on the Iu interface to target RNC until the relocation in RAN is completed. 
· Relocation Complete message is acknowledged by the SGSN

· The release of resources is triggered by the target RNC; the corresponding Resource Release message is directly sent on the Iur interface, after the reception of the Relocation Complete ACK message

6.1.4
Open Issues

The following issues are FFS for the solution.
· 
· NAS Handling
· Inter-working with legacy CN

· Utilization of RANAP Iu Release procedure instead of Iur:Resource Release procedure
· One GTP Tunnelling Solution
· Timing to send Iur: Resource Release message, e.g. possibility to send the message before a reception of Relocation Complete ACK+.
Annex B: Example on R99 Relocation 
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Annex C: Example on LTE X2 HO
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Annex D: Example on Enhanced Relocation
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