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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Scope

The purpose of the present document is to help the TSG RAN WG3 group to analyse and decide on the introduction of the WI SRNS relocation enhancement.

This document is for part of the Release 5 study item “SRNS relocation enhancement”.
This study report describes the problems and issues in actual relocation that requires this enhancement and the techniques to improve the SRNS relocation. It also deals with the feasibility of the techniques which are described in this document and their benefits.

This Study Item shall take into account the Release-5 SI “Direct Transport bearers between SRNC and Node-B”.
This document is a ‘living’ document, i.e. it is permanently updated and presented to all TSG-RAN meetings. 

1 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.

[1]
3GPP TS 23.060: "3rd Generation Partnership Project (3GPP) Technical Specification Group Services and System Aspect; General Packet Radio Service (GPRS); Service description; Stage 2".
2 Definitions, symbols and abbreviations

2.1 Definitions

For the purposes of the present document, the following terms and definitions apply.

Example: text used to clarify abstract rules by applying them literally.
2.2 Symbols
2.3 Abbreviations
For the purposes of the present document, the following abbreviations apply:

3 Introduction
SRNS relocation is used to move the control of a UE connection from a source (old serving) RNC to a target (new serving) RNC. This means that both control and user plane are moved to the target (new serving) RNC.

The SRNS relocation procedure is specified in TS 25.413, TS 25.423, TS 23.060, TS 23.009  and TR 25.832.

For Release 99 the current SRNS relocation procedure can only support the case where all radio links are in a single DRNS and that the DRNC is the target RNC. The Iu-r, while the relocation is taking place, can not establish connections from the new SRNC to the previously existing DRNCs or to the previous SRNC.

It should be noted that both of these relocation scenarios are included in TR 25.832 Manifestations for Handover and SRNS Relocation (section 5.2.2), but are marked as unsupported by R99 procedures. The following two figures illustrate the two non supported relocation cases.
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Figure 1 Relocation to DRNC 1 is not possible due to existence of DRNC 2
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Figure 2 Relocation not possible due to source RNC still keeping a radio link

This drawback means that when a relocation is required, all connections where a UE is in soft handover and the above preconditions are fulfilled,  will need to either:

1. Wait until the UE leaves the soft handover state with two involved RNCs (i.e. radio link from the source RNC is cleared) and perform the relocation at this time (this will lead to inefficient usage of transport resources).

2. Force the UE out of the soft handover state, perform the relocation and take the UE back to soft handover. This is the main bottleneck. As radio link from the SRNC has to be removed to perform relocation, then we have to establish it again if required (this will lead to unnecessary signalling and inefficient usage of radio resources).

SRNS relocation can be performed due to several reasons. It can be performed synchronised to an inter RNC hard handover for the purpose of optimising the routing. It can however also be performed due to other reasons, such as temporary overload in SRNC hardware, or overload on the Iu interface. Long term load sharing between RNCs could also be a reason.

4 Requirements

The enhanced SRNS relocation procedure shall provide more flexibility in terms of when the network can perform the relocation, that is to say the SRNS relocation shall be possible with several DRNCs.

The solution shall have minimum impact on the existing specifications.

5 Study Areas

5.1 General

Any new functionality introduced in R5 should be introduced with the least possible impact to the existing R99/R4 specifications.

5.2 Feasibility

5.2.1 SRNS relocation Rel99/Rel4

In current Rel99/Rel4 specifications, according especially to [1], the SRNS relocation occurs in different configurations that could be categorised as follows:

· UE not involved, soft handover situation where the Iur interface carries both the control signalling and the user data (no radio link establishment).

· UE involved, radio handover (a new radio link is established).

· combined Hard Handover and SRNS Relocation procedure in case the Iur interface is not available.

· combined Cell / URA Update and SRNS Relocation procedure where the Iur interface carries control signalling but no user data.

The figure 3 and 4 described the situations before and after SRNS relocation for both UE involved and UE not involved cases. The red lines show the user data path.

[image: image5.jpg]



Figure 3: Situation before/after SRNS Relocation in UE involved case
[image: image6.jpg]



Figure 4: Situation before/after SRNS Relocation in UE not involved case

All the signalling flows for these cases are described in [1].

5.2.2 Enhanced SRNS relocation Rel5

Getting rid of the current limitation, the enhanced relocation can maintain all or some (up to the Source RNC) of the radio links with existing Drift RNC(s) and old Serving RNC as well as the possible new Drift RNC(s) that were not Drift before the relocation.

All the following figures describe the relevant different configurations before and after relocation, regardless if the relocation is CN involved or not in order to keep these figures readable. All the possible scenarios are not described and listed below and even if some of scenarios presented in the following figures are unlikely to happen, these latter are present here because they represent a panel of different cases. The green color represents all the new links (Iu, Iur, radio links) established during the relocation. Red and green lines still represent the user data path.
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Figures 5, 6, 7, and 8: Situations before/after Enhanced SRNS Relocation in UE not involved case
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Figures 9, 10, 11, and 12: Situations before/after Enhanced SRNS Relocation in UE involved case

Considering all the above scenarios, the following points shall be taken into account to make feasible the enhanced SRNS relocation:

1) the Target RNC shall be aware of the new configuration decided by the Source RNC and then expected after the relocation e.g. the drift RNC(s) and target cell(s) involved.

2) the target RNC shall communicate with remaining and/or new drift RNC(s) in order to establish new Iur link(s).

3) the source RNC shall communicate with old and/or remaining drift RNC(s) in order to release old Iur link(s).

Furthermore in UE involved case, the source RNC has already the RRC capabilities in Rel99/4 to request the UE (using Active Set Update procedure) to maintain a radio link with a drift RNC or the source RNC itself and at the same time to set up a new one with the new Serving RNC or a possible new drift RNC.

5.2.3 one possible solution: solution 1

Following the previous section, the solution 1 addresses the above list of points, that any solution shall treat in order to enable the enhanced SRNS relocation, as follows:

1) a list of  D-RNTI(s) (corresponding to all the drift RNC(s) involved before the relocation that will remain involved after the relocation) and target Cell-ID(s) (corresponding to the different cells that will be involved after the relocation) is sent to the target RNC within the Source RNC to Target RNC transparent container included in RELOCATION REQUIRED, FORWARD RELOCATION REQUEST, RELOCATION REQUEST messages.

2) Based on that information the Target RNC is able to use a new RNSAP class 1 Elementary procedure, DRIFT RNC SETUP in order to set up Iur links with remaining and/or new drift RNC(s).

3) As the source RNC is aware from the beginning of the final configuration expected after relocation and thank to a new RNSAP class 2 Elementary procedure, DRIFT RNC SETUP COMPLETE, the Source RNC is able to release old Iur link(s) with old and/or remaining drift RNC(s).

The solution 1 is described more in detailed in the following sections based on the common scenario for each UE involved and UE not involved case.

UE not involved, figure 5:

The Enhanced SRNS Relocation procedure in the simple scenario of figure 5 (UE not involved) is illustrated in Figure 13, which is taken from [1]. All the indications in red represent the needed changes and additions compared to normal Rel99/4 SRNS relocation. The description of the unchanged steps can be found in [1]. The sequence is valid for both intra-SGSN SRNS relocation and inter-SGSN SRNS relocation.
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Figure 13: Enhanced SRNS Relocation Procedure, scenario of figure 5 (UE not involved)

step 1: The source SRNC decides to perform/initiate Enhanced SRNS relocation in order to relocate the Iu link without loosing the soft handover situation. At this point both uplink and downlink user data flows via the following tunnel(s): Radio Bearer between MS and source SRNC directly as well as indirectly (data flows via the target RNC, which acts as a drift RNC); GTP-U tunnel(s) between source SRNC and old-SGSN; GTP-U tunnel(s) between old-SGSN and GGSN.
step 2:
 The source SRNC sends a Relocation Required message (Relocation Type, Cause, Source ID, Target ID, Source RNC to target RNC transparent container) to the old SGSN. The source SRNC shall set the Relocation Type to "UE not involved". The source SRNC shall include in the Source SRNC to Target RNC Transparent Container the list of: 

· all D-RNTI corresponding to all the drift RNC(s) involved before the relocation that will remain involved after the relocation,

· all target cell-ID(s) corresponding to the different cells that will be involved after the relocation. 

In  this case, that contains the D-RNTI (of the Target RNC) and the cell-ID of both cells involved before relocation and controlled respectively by source SRNC and Target RNC.
The Source SRNC to Target RNC Transparent Container includes also the necessary information for Relocation co-ordination, security functionality and RRC protocol context information (including MS Capabilities).

Step 4x) After the reception of the Relocation Request message, the target RNC knows, thanks the Source SRNC to Target RNC Transparent Container, the radio connection(s) which need to be preserved in the source SRNC. Then, the target RNC sends a Drift RNC Setup Request message to the source SRNC. This message includes the following parameters: Transaction ID, S-RNTI (allocated by target RNC) and D-RNTI (of the target RNC).  The purpose of this message is to indicate to source SRNC that the serving RNC for its radio connections will change to target RNC.

Upon the reception of drift RNC setup request message, the source SRNC will send back Drift RNC Setup Response message to the target RNC including the required transport information. This message includes the transport layer address. The target RNC makes the Iur user plane reservation towards source SRNC.
Note about step 7: the order of steps, starting from step 7 onwards, does not necessarily reflect the order of events. For instance, source RNC may start data forwarding (step 7) and send Relocation Commit message (step 8) as well as Drift RNC Setup Complete message (step 8x) almost simultaneously except in the delivery order required case where step 7 triggers step 8 and 8x. Target RNC may send Relocation Detect message (step 9) and UTRAN Mobility Information message (step 10) at the same time. Hence, target RNC may receive UTRAN Mobility Information Confirm message (step 10) while data forwarding (step 7) is still underway, and before the new SGSN receives Update PDP Context Response message (step 11).

Step 8x) : The source RNC sends a Drift RNC Relocation Complete message to the drift(target) RNC.  After receiving this message, the drift(target) RNC releases the old Iur link towards source RNC and starts the usage of the new link reserved in step 4x.

The adequate changes needed for the other UE not involved scenarios can be respectively done based on this, considering small and obvious adaptations as the scenarios are not exactly the same e.g. involvement of 3 RNCs.

UE involved, figure 9:

The combined hard handover and Enhanced SRNS relocation procedure in scenario of figure 9 (UE involved) is illustrated in Figure 14, which is taken from [1]. All the indications in red represent the needed changes and additions compared to normal Rel99/4 SRNS relocation. The description of the unchanged steps can be found in [1]. The sequence is valid for both intra-SGSN SRNS relocation and inter-SGSN SRNS relocation.
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Figure 14: Combined Hard Handover and Enhanced SRNS Relocation Procedure,
scenario of figure 9 (UE involved)

step 1: Based on measurement results and knowledge of the UTRAN topology, the source SRNC decides to initiate a combined hard handover and Enhanced SRNS relocation. At this point both uplink and downlink user data flows via the following tunnel(s): Radio Bearer between the MS and the source SRNC 1 directly as well as indirectly (data flows via the drift RNC 2) (no drift RNC available); GTP-U tunnel(s) between the source SRNC 1 and the old SGSN; GTP-U tunnel(s) between the old SGSN and the GGSN.

step 2:
 The source SRNC 1 sends a Relocation Required message (Relocation Type, Cause, Source ID, Target ID, Source RNC to target RNC transparent container) to the old SGSN. The source SRNC 1 shall set the Relocation Type to "UE involved". The source SRNC 1 shall include in the Source SRNC to Target RNC Transparent Container the list of: 

· all D-RNTI corresponding to all the drift RNC(s) involved before the relocation that will remain involved after the relocation,

· all target cell-ID(s) corresponding to the different cell(s) that will be involved after the relocation. 

In  this case, that contains the D-RNTI (of the Drift RNC 2) and the cell-ID of cells controlled respectively by drift RNC 2 and Target RNC 3.
The Source SRNC to Target RNC Transparent Container includes also the necessary information for Relocation co-ordination, security functionality and RRC protocol context information (including MS Capabilities).

Step 4x) After the reception of the Relocation Request message, the target RNC knows, thanks the Source SRNC to Target RNC Transparent Container, the radio connection(s) which need to be preserved and established. Then, the target RNC 3 sends a Drift RNC Setup Request message to the drift RNC 2. This message includes the following parameters: Transaction ID, S-RNTI (allocated by target RNC 3) and D-RNTI (of the drift RNC 2).  The purpose of this message is to indicate to drift RNC 2 that the serving RNC for its radio connections will change to target RNC 3.

Upon the reception of drift RNC setup request message, the drift RNC 2 will send back Drift RNC Setup Response message to the target RNC 3 including the required transport information. This message includes the transport layer address. The target RNC 3 makes the Iur user plane reservation towards drift RNC 2.
Note about step 7: the order of steps, starting from step 7 onwards, does not necessarily reflect the order of events. For instance, source RNC may start data forwarding (step 7), send Physical Channel Reconfiguration Active Set Update message to MS (step 8) and forward SRNS Context message to the old SGSN (step 9) as well as Drift RNC Setup Complete message (step 9x) almost simultaneously.

Step 8: before sending the Physical Channel Reconfiguration Active Set Update the uplink and downlink data transfer shall be suspended in the source SRNC 1 for RABs, which require delivery order. When the source SRNC 1 is ready, the source RNC 1 shall trigger the execution of relocation of SRNS by sending to the MS the RRC message provided in the Target RNC to source RNC transparent container, e.g., a Physical Channel Reconfiguration Active Set Update (UE Information Elements, CN Information Elements) message. UE Information Elements include among others new SRNC identity and S‑RNTI. CN Information Elements contain among others Location Area Identification and Routeing Area Identification. 
Before the RRC message is sent (e,g, Physical Channel Reconfiguration Active Set Update) uplink and downlink data transfer in the source RNC 1 shall be suspended for RABs which require to maintain the delivery order. . 

When the MS has reconfigured itself, it sends e.g., a Physical Channel Reconfiguration Active Set Update Complete message to the target SRNC 1. If the Forward SRNS Context message with the sequence numbers is received, the exchange of packets with the MS may start. If this message is not yet received, the target RNC 3 may start the packet transfer for all RABs, which do not require maintaining the delivery order.
Step 9x) : The source RNC 1 sends a Drift RNC Relocation Complete message to the drift RNC 2.  After receiving this message, the drift RNC 2 releases the old Iur link towards source RNC 1 and starts the usage of the new link reserved in step 4x towards the target RNC 3.

The adequate changes needed for the other UE involved scenarios can be respectively done based on this, considering small and obvious adaptations as the scenarios are not exactly the same e.g. involvement of 3 radio links or a totally new drift RNC.
5.3 Gains

6.3.1 Operators flexibility

As it is already explained in the introduction of the TR, with the actual relocation all those connections involved with several DRNCs will need to either:

1. Wait until the UE leaves the soft handover state with two involved RNCs (i.e. radio link from the source RNC is cleared) and perform the relocation at this time.

2. Force the UE out of the soft handover state, perform the relocation and take the UE back to soft handover. The radio link from the SRNC has to be removed to perform relocation, then it must be established  again if required.
As SRNS relocation can be performed due to several reasons (implementation and operators choice), we should enable this SRNS relocation with several DRNCs to give more flexibility to operators, provided that the added complexity is not too great.
6.3.2 SRNC load sharing

In case one RNC is overloaded by 'Serving functionality' (SRNC load, i.e. the Radio L2 processing that is the most demanding processing), it is necessary to perform relocations.

Here are some potential scenarios where load sharing between RNCs could provide small but relevant benefits:

· All neighbouring scenario. The actual restriction exist in all the frontiers between two RNCs cells (figure 15 below)
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Figure 15 neighbouring scenarios with actual relocation and then SRNC load sharing not possible

· 3-way Soft Handover  (one leg in SRNC, two legs in DRNC, without DRNC combining, figure 16 below)
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Figure 16 three-way Soft Handover without DRNC combining
· Furthermore as UEs can move along RNC boundaries and then in order to maintain connections, it can be necessary to have a larger mesh of RNCs than would be needed without this restriction (SRNC needs to see some quite distant RNCs just in case UE gets there without it being possible to perform relocation).

· In the case where an RNC1 became heavily overloaded, and this RNC1 is serving UEs deep inside its coverage area (figure 17 below). There is no chance of placing the UE in soft handover with an RNC2 and then performing SRNS Relocation with this as the target RNC. However SRNS Relocation towards RNC2 may still prove beneficial in terms of easing the load on RNC1.
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Figure 17: UE with single RNC connection causing overload situation 
6 Agreements and associated contributions
7 Specification Impacts
This section is intended to list the affected specifications and the related agreed Change Requests. It also lists the possible new specifications that may be needed for the completion of the Work Task.

8 Project Plan

8.1 Schedule

Date
Meeting
Scope
[expected] Input
[expected]Output

March 2002
TSG-RAN#15

Completion of the study/technical report

Proposal to continue that as a Work Item.
Approval of that WI.
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