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1 Introduction

RAN WG3 has a work item to define the necessary mechanisms to support SRNS Relocation procedure for real time type RABs originating from PS domain for Release 4. This contribution discusses the identified solution 1, 'Source RNC Data Duplication'.  This contribution proposes some changes to the related TR 25.936 as well as other actions to be taken by RAN3 to advance this work item.

2 Discussion on the Identified Mechanism, Solution 1:

2.1 General

In Release 99 RANAP specifications data forwarding mechanism from source RNC to target RNC is defined. The purpose of this data forwarding mechanism is to provide a lossless SRNS relocation for RABs requiring it. Lossless SRNS Relocation means that no user data is lost due to the successful nor unsuccessful execution of the SRNS Relocation.

The basic principle of the Release 99 data forwarding for lossless RABs is as follows.

1. At a given point of time before execution of SRNS Relocation source RNC stops to transmit DL data to UE.

2. Source RNC starts to forward to the target RNC, via a GTP tunnel between the RNCs, all the GTP-PDUs which were not transmitted to UE and which arrive from SGSN to source RNC. 

3. Source RNC should store all forwarded data also within source RNC, which ensures lossless operation is SRNS Relocation failure cases.

4. Target RNC stores all GTP data forwarded from source RNC and when Serving RNC operation is started, target RNC starts the DL data transmission from the first forwarded GTP-PDU.

The idea of Solution 1 is to reuse the release 99 Data forwarding mechanism also for real time services requiring seamless SRNS Relocation. Seamless SRNS Relocation means that the interruptions to the data stream flow are minimised and are basically unnoticeable by the users.

The basic principle of data forwarding for seamless RABs would be as follows:

1. At a given point of time before execution of SRNS Relocation source RNC starts to forward copies of DL GTP-PDUs to target RNC. 

2. Source RNC continues processing and sending DL data normally towards the UE

3. Target RNC discards all forwarded GTP-PDUs arriving to target RNC until the Serving RNC operation is started.

4. When target RNC takes over  the Serving RNC role, it starts to process the arriving DL GTP-PDUs and send DL data to UE. 

[image: image1.wmf]Node B

Target

RNC

RAB Uplink

RAB Downlink

Source

RNC

SGSN

GGSN

SGSN

RAB

Downlink

RAB Uplink

Packet flow downlink

Packet flow uplink

RAB Downlink

Pkt

RAB Uplink

Pkt

UE

1.

 Copies of DL GTP-PDUs

forwarded to target RNC

5. DL Flow via target

SGSN after relocation

2.

 DL processing continues

3.

 Target discards DL PDUs

until it becomes Serving

4.

 Target starts DL processing

when it becomes Serving


Figure 1: Packet flows during relocation, solution 1
2.2 The main steps of Relocation for data forwarding

[Note: Since for the solution 1 the procedures and mechanisms of performing SRNS Relocation for all RABs from PS domain are the same, both the handling of lossless and Seamless RABs during SRNS Relocation are described in this chapter.]

2.2.1 Preparation of SRNS Relocation

In this phase the UTRAN reserves resources for the relocation. 

The Preparation phase is executed exactly as defined for Release 99.  Specifically for Solution 1, it is assumed that all existing RABs are set to be "subject to data forwarding" in Relocation Command. 

At the end of the preparation phase source RNC should: 

· for lossless RABs; stop processing DL GTP-PDUs data 

· for seamless RABs; continue to process and transmit DL data normally towards UE 

· for all RABs; start duplicating all arrived and not acknowledged & arriving  DL GTP-PDUs towards target RNC

· for lossless RABs; store all buffered  & arriving DL GTP-PDUs


When data forwarding is started, target RNC should:

· for lossless RABs; store all arriving DL GTP-PDUs

· for seamless RABs: discard all arriving DL GTP-PDUs
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2.2.2 Moving the Serving RNC role to target RNC

When source RNC is ready for SRNS Relocation Execution, it issues the SRNS Relocation Commit or in UE involved case commands the UE to make Hard Handover by appropriate RRC procedure.

For lossless RABs source RNC should forward the Sequence number information to target RNC as defined in Release 99.

After the reception of Relocation Commit from Iur, or in UE involved case when UEs access to target RL is detected by target RNC, target RNC takes over the Serving RNC role. 

At this point of time target RNC should:


· for all RABs; start UL reception of data and start transmission of UL GTP-PDUs towards CN via the new GTP tunnels. The air interface protocols may need to be reset in order to start air interface reception.


· for seamless RABs; start processing the arriving DL GTP-PDUs and start DL transmission towards the UE. The air interface protocols may need to be reset in order to start air interface transmission.


· for lossless RABs: start processing the buffered and arriving DL GTP-PDUs and start DL transmission towards UE. The air interface protocols are reset as specified for Release 99 by R2.
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2.2.3 Switching of DL flow in CN

In this phase, the DL GTP tunnel is updated between the SGSN and the GGSN so that the DL flow can use the new route.

This phase is not basically noticed by UTRAN at all, since the DL GTP port used for a given RAB in target RNC is the same for all arriving GTP-PDUs regardless of their arrival route. 

Only effect to the UTRAN may be the slightly earlier arrival time of DL-GTP PDUs from SGSN to target RNC. This is handled, as normal arrival time variation, by user plane buffering mechanisms existing in RNC. The additional buffering can be utilised and gradually reduced when the UE moves further from the new serving RNC and the Iur+Iub delays thus increase.
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2.3 Specifications Impact

2.3.1 Impacts on RAN3 specifications

The Solution 1 reuses the Release 99 data forwarding mechanisms also for the seamless RABs from PS domain. Solution 1 does not require any new procedures, messages nor information elements to be introduced to any RAN 3 specification.    

When specifying the release 99 RANAP it was decided by RAN3 to not specify the handling of user plane in application part specifications. This complete independence of user and control plane handling has however introduced some confusion and since the handling of user plane has direct impacts to the SRNS Relocation characteristics for a given RAB maybe following informative example of user plane handling could be added to the RANAP specification.

X.X.X Example of User Plane handling during SRNS Relocation

After Relocation Preparation is successfully terminated and before SRNS Relocation execution is triggered the Source RNC should:


· for lossless RABs; stop processing DL GTP-PDUs data 


· for seamless RABs; continue to process and transmit DL data normally towards UE 


· for all RABs; start duplicating all arrived and not acknowledged & arriving  DL GTP-PDUs towards target RNC


· for lossless RABs; store all buffered  & arriving DL GTP-PDUs


After Relocation Resource Allocation procedure is successfully terminated but the serving RNC role is not yet taken over by target RNC and when DL user plane data starts to arrive to target RNC the target RNC should:


· for lossless RABs; store all arriving DL GTP-PDUs

· for seamless RABs: discard all arriving DL GTP-PDUs
When triggering the execution of SRNS Relocation, source RNC should forward the Sequence number information to target RNC for all lossless RABs as defined in Release 99.

After reception of Relocation Commit from Iur, or in UE involved case when UEs access to target cell is detected by target RNC, target RNC takes over the Serving RNC role. 

At this point of time the new Serving RNC should:


· for all RABs; start UL reception of data and start transmission of UL GTP-PDUs towards CN via the new GTP tunnels. The air interface protocols may need to be reset in order to start air interface reception.


· for seamless RABs; start processing the arriving DL GTP-PDUs and start DL transmission towards the UE. The air interface protocols may need to be reset in order to start air interface transmission.


· for lossless RABs: start processing the buffered and arriving DL GTP-PDUs and start DL transmission towards UE. The air interface protocols are reset as specified for Release 99 by RAN2.

2.3.2 Impacts on other groups’ specifications

Depending on RAN 2 opinion, maybe  addition of one parameter to RRC container could ensure the unambiguous operation of the solution 1. (See the chapter describing the Open Issues).   

Stage 2 specification TS 23.060 has to be aligned with the selected solution for RT PS domain SRNS Relocation.

No other impacts to any 3GPP specification in any other 3GPP groups are seen

2.4 Summary: solution 1

The Solution 1 reuses the Release 99 data forwarding mechanisms also for the seamless RABs from PS domain. Solution 1 does not require any new procedures, messages nor information elements to be introduced to any RAN 3 specification.    

For DL data of seamless RABs solution 1 introduces one instance for possible frame gapping/ overlapping and one additional unlikely instance for frame gapping :

1. The frame overlap/gap may be introduced when target RNC takes the Serving RNC role and starts to produce the DL data from forwarded GTP-PDUs. In this case the estimated gap/overlap is equal to the delay difference between the transport bearer used for Iur DCH data stream and the transport bearer used for data forwarding GTP tunnel both of which are setup between the same source and target RNCs. 

If the transport bearer delay difference is smaller than the air interface Transmission Time Interval (TTI) (10, 20, 40 or 80 ms depending on the service)  the amount of gap/overlap is most likely non existent.


2. The additional frame gap may be introduced when the CN transport is optimised. In this case the gap will exist only if the delay via the optimised route is larger than the delay via the original route. In the more probable opposite case, the frame overlapping can be avoided by utilising appropriate sequence numbers in GTP headers. 

2.5 Open issues


1. What is the Definition based on which RABs are characterised being "Lossless" or "Seamless"?

The following two main alternatives can be envisaged:

· Explicit parameter is introduced to RAB QoS attributes stating whether the RAB shall be handled by UTRAN as "lossless" or "seamless"
· Based on the existing RAB QoS parameters the Serving RNC also makes the "lossless" vs. "seamless" decision based on requested RAB QoS parameters in the same manner as how it selects the most appropriate parameters for the radio bearers to be established.  (Preferred solution by RAN3.)
Proposed solution: 

Whether a RAB is lossless or seamless is related to the RAB QoS characteristics. At normal UTRAN operation the specified RAB QoS attributes are used by Serving RNC to select the most suitable air interface user plane protocol (esp. RLC) parameters for the corresponding Radio Bearer. The choice of these parameters define whether the Radio Bearer will be "lossless' or "seamless" during the normal UTRAN operation when no SRNS Relocation is performed.

 It is proposed that the same criteria, as is used by the Serving RNC to select the suitable air interface userplane protocol parameters for the Radio Bearer, is utilised to select whether a RAB should be "lossless" or "Seamless" during SRNS Relocation.

The selection process for selecting the most suitable air interface user plane protocols parameters for each RAB is not standardised and is thus dependent on a particular RNC implementation. Therefore it is proposed that the decision of the RAB type would also be implementation dependent. The choice of radio bearer type made by source RNC would thus need to be indicated by the source RNC to target RNC during SRNS Relocation either implicitly or explicitly within the RRC transparent container.

3 Proposals

Proposals regarding the TR 25.936:

1. It is proposed to change the chapter 6.1 heading to: "Solution1: Reuse of release 99 Packet Duplication mechanism" because no significant enhancement for the mechanism are required.


2. It is proposed to replace the contents of chapter 6.1.1 General by the chapter 2.1 of this contribution, because the provided text gives a more clear general description of solution 1.


3. It is proposed to replace the contents of chapter 6.1.2 The main steps of Relocation for Data Forwarding  by the chapter 2.2 of this contribution, because the existing text is confusing, complex and describes mainly the SRNS relocation in release 99 and doesn’t concentrate on the essential issues of solution 1 for release 4.


4. It is proposed to replace the contents of chapter 6.1.3 Specification Impact by the chapter 2.3 of this contribution, because the provided text gives more detailed view of the specification impacts.


5. It is proposed to replace the contents of chapter 6.1.5 Summary: Solution 1  by the chapter 2.4 of this contribution, because the provided text describes the summary of Solution 1 better. 

Regarding the statements now proposed to be removed from chapter 6.1.5 in TR 25.936:

· 1st statement: This is true statement but the operation is already explained in previous chapters

· Statement: "The solution relies on transmission delays being minimal for the forwarded data from source to the target RNC."  

This statement is not true. Solution 1 works independently of the amount of transmission delay between source and target RNC. If, for some reason, the transport delay between RNCs when using IP transport for forwarding GTP PDUs is higher than the transport delay between the same RNCs by using the AAL2 transmission (for MAC PDUs over Iur), then he solution 1 will cause a frame slip equivalent to the amount of bigger delay when comparing IP to AAL2 transport.


· Statement: "In a hard handover case, there is a transmission break during the time that the UE performs the hard handover. This affects UL and DL, and is the only break in the UL transmission"  this statement describes the air interface operation and is not related to solution 1.

· Statements about DL frame gaps/overlapping: The proposed new text describes the overlap and gap situations more accurately.

· Statement about procedural changes: The proposed new text describes the required changes more accurately.


6. It is proposed to add following open issues to the chapter 6.2.6 Open Issues for Solution 2 GGSN Bicasting:

· Procedures to initialise and terminate the GGSN bicasting from SGSN including error cases needs to be defined by TSG CN WG4

· The amount of increased GGSN complexity related to GGSN bicasting. TSG CN WG4 opinion required.

· What is the delay of initiating GGSN bicasting from all active GGSNs for a user? This is  especially important when no Iur can be used for DCH data streams between source and target RNC? How seamless the Hard Handover is in this case?


· How the GGSN based RT mechanism and RNC based NRT mechanism work together. Especially how the failure and error case co-ordination is handled?


· How the SGSN and the source RNC know which GTP-tunnels and RABs should be subject for GGSN bicasting i.e. Real Time RABs (R00 solution 2) and which for Source RNC Data Forwarding (R99) i.e. NRT RABs?

Other Proposals: 

7. It is proposed to send a LS to S2 and R2 about the method for selecting the "lossless" or "seamless" type for the RAB and Radio Bearer.. 

A draft proposed LS is included in Annex1 of this contribution.

8. It is proposed to send a LS to N4 (Cc: S2) about the feasibility of GGSN bicasting solution for release 4. A draft proposed LS is included in Annex2 of this contribution. The main contents are also shown below:

RAN WG3 is studying the mechanisms to realise SRNS Relocation for Real Time type of services originating from PS domain. RAN3 has identified two solution candidates.

Solution 1 utilises the Release 99 mechanims in Iu interface to support also real time SRNS Relocations. No changes to PS domain CN are anticipated.


Solution 2 utilises Release 99 mechanisms in Iu interface for Non Real Time services and GGSN bicasting based mechanisms for Real Time services. GGSN Bicasting mechanism requires that SGSN is able to initialise bicasting from the active GGSNs, the GGSN(s) are able to handle two GTP tunnels towards SGSN(s) and GGSN is able to perform bicasting of downlink data during SRNS Relocation.

RAN3 has not yet reached conclusion about the superiority of these possible solutions within UTRAN. Since the solution 2 relies on introduction of a new GGSN functionality RAN 3 asks S2 and N4 guidance on the feasibility of that solution for release 4.  

If the solution 2 is considered feasible by N4, RAN3 would also like N4 to estimate the delay required to initialise the GGSN bicastings from the active GGSNs by the SGSN?

Annex 1: Draft proposed LS to S2  and R2

TSG-RAN Working Group 3  meeting #16
TSGR3#16(00)XXXX
U.K, October 16-20, 2000
SOURCE: TSG RAN WG3

Title:
Decision on Lossless vs. Seamless characteristics of RAB and Radio Bearer

To:
TSG RAN WG2, TSG SA WG2
Contact: atte.lansisalmi@nokia.com

RAN WG3  is studying the realisation of PS domain seamless SRNS Relocation for release 4. During this work the classification of RABs and Radio Bearers either to be seamless or lossless becomes important.

RAN WG3 has identified following solutions to be used for this purpose:

· Explicit parameter is introduced to RAB QoS attributes stating whether the RAB shall be handled by UTRAN as "lossless" or "seamless"
· Based on the existing RAB QoS parameters the Serving RNC also makes the "lossless" vs. "seamless" decision based on requested RAB QoS parameters in the same manner as how it selects the most appropriate parameters for the radio bearers to be established.  (Preferred solution by RAN3.)
RAN WG3 suggests that the latter approach is adopted due to following considerations:

Whether a RAB is lossless or seamless is related to the RAB QoS characteristics. At normal UTRAN operation the specified RAB QoS attributes are anyway used by Serving RNC to select the most suitable air interface user plane protocol  (esp. RLC) parameters for the corresponding Radio Bearer. The choice of these parameters defines whether the Radio Bearer will be "lossless' or "seamless" during the normal UTRAN operation when no SRNS Relocation is performed. 

It is assumed that there is no reason to use different mechanism for selecting the Radio Bearer properties for RABs during SRNS Relocation than those that are used in normal UMTS system operation when no SRNS Relocation is performed. This suggests that the same criteria, that is used by the Serving RNC to select the suitable air interface user plane protocol parameters for the Radio Bearer, is utilised to select whether a Radio Bearer should be "lossless" or "Seamless" during SRNS Relocation.

The selection process for selecting the most suitable air interface user plane protocols parameters for each RAB is not standardised and is thus dependent on a particular RNC implementation. Therefore it is proposed that the decision of the RAB type would also be implementation dependent. 

To be able to successfully execute the SRNS Relocation Target RNC must be able to know what kind of operation for each RAB was utilised in source RNC before initiation of the SRNS Relocation. The choice of radio bearer type made by source RNC would thus need to be indicated by the source RNC to target RNC during SRNS Relocation within the RRC transparent container.

RAN WG3 would like to confirm with RAN WG2 and SA WG2 whether this kind approach for selecting the "seamlessness" versus "losslessness" RAB characteristics is appropriate or whether the R2 or S2 have some other mechanism in their mind.

Annex 2: Draft proposed LS to N4 (Cc: S2)

TSG-RAN Working Group 3  meeting #16
TSGR3#16(00)XXXX
U.K, October 16-20, 2000
SOURCE: TSG RAN WG3

Title:
Real Time SRNS Relocation for PS Domain RABs 

To:
TSG CN WG4

Cc: 
TSG SA WG2
Contact: atte.lansisalmi@nokia.com

RAN WG3 is currently studying the mechanisms to realise SRNS Relocation for Real Time type of services originating from PS domain. RAN3 has identified to solution candidates.



Solution 1 utilises the Release 99 mechanims in Iu interface to support also real time SRNS Relocations. Both the intra- and inter SGSN cases are handled by RANAP and no changes to PS domain CN are anticipated.


Solution 2 utilises Release 99 mechanisms in Iu interface for Non Real Time services and GGSN bicasting based mechanisms for Real Time services. GGSN Bicasting mechanism requires that SGSN is able to initialise bicasting from the active GGSNs, the GGSN(s) are able to handle two GTP tunnels towards SGSN(s) and GGSN is able to perform bicasting of downlink data during SRNS Relocation.

RAN3 has not yet reached conclusion about the superiority of these possible solutions within UTRAN. Since the solution 2 relies on introduction of a new GGSN functionality and Gn interface procedures RAN 3 asks S2 and N4 guidance on the feasibility of that solution for 3GPP release 4.  

If the solution 2 is considered feasible by N4, RAN3 would also like N4 to estimate the delay required to initialise the GGSN bicastings from the active GGSNs by the SGSN?
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