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CR to feasibility study: Capture of the working assumption on the explicit RAU

It was agreed at the joint meeting between GERAN and SA2 in Kista in October 2002 that a working assumption for explicit RAU could be agreed for the PS handover procedure.  This CR documents the working assumption and the justification for it in the feasibility study as shown in .

References:

[1] GP-022977 Explicit RAU with PS handover, Siemens

5.2. Handover of PS services

5.2.1. Introduction

One of the key service enhancements required to allow A/Gb mode to satisfy better the QoS offerings associated with 3G systems is to reduce the amount of service interruption experienced when a cell change becomes necessary. Specifically, in order to support mobility of services of the conversational QoS classe, the support of handover in the packet switched domain will be required.

The current status of investigations for support of handover via Gb as given in [G2-020 709/711/759/768/769/770/773] does not yet allow to decide about its feasibility. Within these contributions possible solutions are outlined under certain working assumptions to be able to identify open issues, the dependency to other features and the complexity when introducing a Handover of PS services in A/Gb mode.

NOTE:
An agreement has been reached within TSG GERAN that the functional split shall not be changed to support conversational QoS class in order to minimise the impact on current implementations, and to reduce standardisation time.

It has become clear that due to the additional functionality which will possibly be required within the CN and due to identified open issues, further analysis is needed and other TSGs have to be involved into the discussions before a decision on the introduction of Handover of PS services in A/Gb mode can be made.

The solution discussed for PS handover has converged to a solution that requires the preparation and reservation of network and radio resources before the MS changes to a new cell, as well as pre-negotiation of new parameters which will be required by the MS in the new cell (e.g. P-TMSI at RA change and LLC settings in the case of inter-SGSN handover).

Different approaches to the data duplication have been proposed with data duplication in the SGSN in all cases or, in some cases (intra-BSC handover), the BSC (where feasible), in order to reduce the impact and load on the SGSN and Gb interface.

After identifying the basic requirements and guidelines, a description of the proposed approaches is given and the resulting impacts are listed. At this stage of progress the emphasis has been laid on the open issues still to be solved.

5.2.2. Requirements and guidelines

5.2.2.1. Requirements

The main service requirements for PS handover via an enhanced Gb interface are:

-
the PS handover procedure shall take special needs of the conversational QoS class into account;

-
the handover scenarios intra-BSS, inter BSS, inter-SGSN and inter-RAT handover (e.g. GERAN to UTRAN) shall be supported; and

-
the maximum service interruption time shall be below 150 ms

To meet these service requirements, technical solutions have to fulfil the following requirements:

-
a backward handover concept has to be applied (i.e. reservation of network resources in the new cell is performed before the mobile is ordered to the new cell); and

-
during a transition phase, data duplication of downlink traffic towards the target cell has to be applied to reduce the period of downlink traffic interruption.

5.2.2.2. Guidelines

The technical solutions proposed make use of the following guidelines:

-
the concept should re-use as far as possible the existing concept for handover (Relocation) in Iu mode (UTRAN and GERAN); and

-
the concept should take the enhancements of the Gb interface into account, which will be required for the basic support of certain real-time QoS classes.

5.2.3. Relationship with other features

Relations with the following features are foreseen:

-
Multiple parallel data flows between BSS and MS have to be supported to be able to differentiate between flows with different QoS attribute values. The support of this feature is a precondition.

-
Enhanced Flow Control on Gb interface has to be supported to be able to differentiate between flows with different QoS attribute values. The support of this feature is a precondition.

-
The impacts of the required optimisations of LLC/SNDCP to reduce the protocol overhead must be taken into account when deigning the handover procedures.

-
Radio channel support for real time QoS: the functions need to be introduced together.

-
Context transfer between source and target SGSN has to be performed in case of inter-SGSN handover scenarios.  This includes transfer of LLC and SNDCP information, and needs to be defined as part of the preparation phase of the handover

5.2.4. Description of the solution(s)

5.2.4.1. General description of the solution

5.2.4.1.1 General

The scenarios presented in [G2-020768 and G2-020711] rely on an extensive preparation phase to exchange information between the source and target SGSN in the case of inter-SGSN handover, including the LLC and SNDCP parameters that must be supported, and the assignment of any new values (P-TMSI etc) to the MS while it is still in the source cell.

The scenarios presented in [G2-020711] show optimisations to the handover procedures for the most common handover cases (intra-BSC case). These include duplication of data internally at the BSC rather than the SGSN (where feasible), and a reduction in the signalling load across the Gb interface.

According to the given requirements and guidelines for handover, the assumptions of the approach given in [G2-020768 and G2-020711] are as follows:

Assumptions for the RAN:

-
The evaluation of measurement reports and the handover decision is executed in the BSS.

-
The controlling function for handover in the BSS is located in the BSS.

Assumptions for the CN:

-
Ciphering and compression for enhanced Gb is performed in the CN by LLC and SNDCP protocol layer (as is the case today).

-
The controlling part for the handover procedure in the CN is located in the GMM protocol layer of the SGSN.

-
During a transition state of handover, data duplication of real time data is provided by the SGSN during inter-SGSN handover and intra-SGSN, inter-BSC handover.

-
LLC and SNDCP context is transferred at inter-SGSN handover to maintain the PS connection.

These working assumptions are derived from the requirement that the functional split between the MS, the BSS and the CN should be preserved and allow to keep the existing protocol stacks for Gb unchanged (i.e. re-use of existing message formats is possible), although a considerable number of new functions are introduced and new messages on Um, Gb and Gn interface are required.

Data duplication of real time data has to be performed during a transition state of the handover procedure, which has to be provided by the SGSN during inter-SGSN handover scenarios and may be performed internally by the BSC for the optimised cases where the source and target BSC are the same.

It is agreed within the GERAN community, as identified in [G2-020768 and G2-020711] that there is a need to allocate the new P-TMSI whilst the MS is in the source cell (before it moves to the target cell) in the case of PS handover when RA changes. This allows the MS to generate a valid TLLI, which it can use immediately in the target cell and prevents an increased delay while the MS is awaiting assignment of a P-TMSI and TLLI in the target cell.

It should be noted that the involvement of the RR protocol layer is a completely new requirement for Gb and introduces a Layer 3 Control Plane for PS services via Gb (nominally called GRR) similar to that required for PS services via Iu.

To use the GMM protocol layer in SGSN as controlling point for the handover procedure inside the CN introduces new functionality to the SGSN as, in contrast to Iu mode, no RAB concept is available for the PS domain in A/Gb mode. Iinteractions of Gb handover with mobility management functions as cell update and routing area update cannot be avoided, which is considered as a principle drawback compared to a 3G system.

Two proposals for the co-ordination of the RAU have been considered:

1)
[G2-020768] contains an implicit RAU as part of the packet switched handover procedure

2)
[G2-020711 and G2-020709] propose that the RAU procedure be delayed until the handover is completed, but be otherwise unchanged from what is currently implemented, in order to reduce impact on the CN as much as possible.
Solution 2) has been chosen.

NOTE:
In a 3G system, handover/relocation and RAU are independent from each other; RAU –if necessary– just follows the relocation procedure.

5.2.4.1.2 Inter-SGSN handover

[G2-020768] proposes two alternative handover procedures. The lossless handover procedure is not relevant to this study since conversational QoS class traffic will use the lossy handover procedures.

NOTE:
The reader is referred to [G2-020768] sections 6.1 and 6.3 for a detailed description of the handover procedures described briefly below.

During the handover preparation phase all nodes involved in the preparation have to negotiate all QoS and configuration parameters (LLC/SNDCP/PFC/GMM/PDP) with its peer in the handover procedure before the PS HANDOVER COMMAND message is sent to the MS. If a configuration cannot be accepted by the peer entity, the handover fails with a reason being indicated to the initiating peer entity. Upon successful configuration of the target nodes, the MS is informed of any new configuration parameters (such as new P-TMSI) in the PS HANDOVER COMMAND message.

The proposed handover execution procedure is based on the concept that as soon as radio resources are reserved in the target BSC, the source SGSN starts to bi-cast the received N-PDUs both to the source BSC and the target SGSN over a temporarily established GTP tunnel. The target BSC may start ‘blind’ transmission of the downlink RLC/MAC blocks over the radio interface. When the MS has informed the target BSC of its presence in the target cell by the HANDOVER COMPLETE message, the new SGSN informs the GGSN which then redirects the downlink N-PDUs to the target SGSN. The source SGSN is then releasing the GTP tunnel and the resources in source BSC and in source SGSN are released.

NOTE:
The standardisation impact and analysis of failure cases is for further study, as is how this interacts with the HLR update.

Analysis of a number of open points is still outstanding (see 0).

5.2.4.1.3 Intra-BSC handover

The intra-BSC case is based upon the same general assumptions as for the inter-SGSN case (e.g. re-assignment of P‑TMSI/TLLI at RA change), but in where the RA does not change, it is proposed to re-route the DL-UNITDATA PDUs internally in the BSC. The message flow is similar to that in the inter-SGSN case, and can be seen in detail in [G2-020711].

It has been recognised that there is scope for optimisation of the PS handover procedures in the case of intra-BSC handover but making use of the fact that the source BSS and the target BSS are the same.  It has been shown in [G2‑020711] that such optimisations can provide the following advantages:

-
Reduce the amount of signalling and data forwarding in the CN

-
Simplify the Handover procedure

-
Reduce the service interruption time

These optimisations make use of forwarding of data within the BSS and introduce the option of data duplication in the BSS for some cases.  

NOTE:
It is for further study as to whether the optimisation is worth the introduction of two different procedures for PS handover.
This procedure is completed (in the inter-RA case) upon execution of the explicit RAU case, which is delayed until after the MS has made access in the target cell and begun data transfer.

Analysis of a number of open points is still outstanding (see 5.2.5).

5.2.4.1.4 RAU procedure following PS handover

As described in section 5.2.4.1.5 and open issue 28, two options for the handling of RAU during PS handover have been proposed; the implicit RAU update, and the explicit RAU update.

TSG GERAN and SA2 agreed on the proposal for the explicit RAU procedure, and also noted that the handover procedure would require the pre-allocation fo a TLLI in the source cell, and current RAU procedure would need to be modified to reflect this.  In order to prevent a prohibitively long service interruption time, it is also necessary to allow user plane data transfer while the RAU procedure was still in progress.
The reasons for the decision are captured in detail in GP-022977 and are summarised as: 

· The implicit RAU procedure deviates from the existing procedure far more than the explicit RAU procedure.  This means more complexity in standardisation and implementation. 

· The error cases are somewhat more complex with the implicit RAU as the handover and RAU procedures are bound together.  See Annex A for further information.  

· The interaction of the RAU procedure with the CN causes an unnecessary delay in the execution phase of the Handover procedure before resources are released in the source SGSN and source BSS.  

· The coupling of RAU messages with the Handover signalling makes optimisations of the PS Handover procedures for intra-BSC handover more difficult.  

· If a concurrent CS and PS connection is supported (requiring CS/PS co-ordination) the handling of the implicit RAU becomes even more complex.  
Open issue 28 is now closed.
5.2.4.1.5 Additional considerations

Progress has been made on the following issues:

-
Decision about TBFs considered for handover (32):  It was proposed at GERAN WG2 #11bis that the BSC could determine the applicability for handover of a given TBF by analysis of the QoS parameters or by the use of an explicit flag.

· RAU procedure (28):  A proposal has been put forward that rather than use the implicit RAU proposed in [G2‑020768] which ties the handover and mobility procedures together, a subset of the current RAU procedure used in UTRAN and GERAN A/Gb mode could be delayed until the delivery of data has been started in both directions in the new cell. This leaves a short period when the MS is able to access the new cell before the HLR interworking is complete, but it allows the re-use of the RAU procedure with minor changes.   
Work is still required on the following new proposals:

-
Definition of a number of mandatory configuration profiles in the SGSN to reduce complexity of the context transfer during PS handover procedures [G2‑020711] to remove the need to re-negotiate CN parameters between the MS and the SGSN.

5.2.4.2. Impact on the protocol layers

The following table shows expected impacts on protocol layers according to the current status of the analysis. Note that only impacts which are specifically due to the Handover procedure are taken into account.

6. Table 3: Expected impacts on protocol layers due to handover for enhanced Gb (preliminary)

	Protocol Layer
	Impact MS
	Impact BSS
	Impact SGSN
	Impact GGSN
	Comments

	PHY
	impacted
	impacted
	---
	---
	Impacted due to new channel combinations to be supported

	RLC/MAC
	medium  to high
	medium  to high
	---
	---
	f.f.s. (Depends e.g. on chosen solution for Um signalling transfer)

	RR
	high
	high
	---
	---
	E.g. for control of radio resource allocation

	BSSGP
	---
	medium  to high
	medium  to high
	---
	Support of new handover messages 

	LLC
	 medium  
	---
	medium  
	---
	Context transfer and ciphering are for further study

	SNDCP
	medium  
	---
	medium  
	---
	Context transfer and ciphering are for further study

	GTP
	---
	---
	impacted
	
	Possibly new procedures /IEs to be transferred

	GMM
	impacted
	---
	high
	---
	New functionality for the control of the HO procedure, new handling for P_TMSI /TLLI, implicit or delayed RAU …

	SM
	f.f.s.
	---
	f.f.s.
	---
	


6.2.1.1. Impact on the system elements

6.2.1.1.1. Impact on the terminal

The following impact has been identified on the MS:

-
Continuous measurement reporting for PS handover in packet transfer mode; mandatory support of NC2;

-
Support for a new channel type;

-
Support of a new handover message;

-
Handling of the Routeing Area Update procedure on the radio interface without stopping the real-time data flow;

-
TLLI/P-TMSI handling during PS handover; and

-
Interworking between the setup of TBFs not subject to handover and those TBFs for which resources will be allocated in the new cell.

6.2.1.1.2. Impact on the RAN

The following impact has been identified on the GERAN:

-
Handling of measurement reporting for PS handover; mandatory support of NC2;

-
Initiation of the PS handover;

-
Reservation of PS resources; controlled by Radio Resource Management;

-
Support for new channel type (SACCH; TCH-like configuration is for further study);

-
Support of new handover messages on the Gb and Um interfaces;

-
Support of indication of which TBF is subject to handover;

-
Identification of mobiles which are subject to handover; and

-
Interworking between the setup of TBFs not subject to handover and those TBFs for which resources will be allocated in the new cell.

NOTE:
Further impacts may result from the open issues (see 5.2.5).

6.2.1.1.3. Impact on the CN

The following impact has been identified on the core network:

-
New functionality required for handover with the assumed functional split of today's A/Gb mode (no RAB concept available as in Iu mode).

-
Support of relocation of MM and PDP contexts.

-
Support of the transfer of LLC/SNDCP contexts.

-
Establishment and update of GTP tunnels (packet duplication, update of GGSN).

-
Support of data forwarding /data duplication mechanisms.

-
Support of indication (explicit via flag or implicit by transfer of QoS attribute values to the BSS) of which TBF is subject to handover.

-
Increase of test efforts due to additional handover and interworking scenarios.

NOTE: 
The impacts outlined in this section are related to the chosen function split between the GERAN and the CN and might change if modifications in the function split are required.

6.2.1.2. Impact on the standards

NOTE:
At this stage it is unclear as to the exact amount of work required for each of the standards as further work is required to solve the open issues in the proposes solutions.  

6.2.1.2.1. Affected specifications

Table 4 contains an estimation of the specification changes and work required for the standardisation of handover of PS services.

Table 4 – Standardisation impact for handover of PS services
	Body
	Specification
	TSG / WG
	Foreseen modifications
	Work (months)

	TSG GERAN
	44.018
	GERAN2
	FFS; currently seen:
Possible introduction of new GRR to manage RR and RLC/MAC co-ordination.
	FFS

	
	44.060
	GERAN2
	FFS; currently seen:
Possible introduction/extension of RLC messages and procedures to support cell change/handover command and access in new target cell
	FFS

	
	48.018
	GERAN2
	FFS; currently seen:
Introduction of new BSSGP SAP and messages to support handover signalling
	FFS

	Other TSGs
	23.060
	SA2
	FFS; currently seen:
Change to Routeing Area Update and Relocation procedures for PS handover
	FFS

	
	23.064 (see note)
	SA2
	FFS
	FFS

	
	29.060
	CN2
	FFS; currently seen:
New procedures / protocol extensions for the transfer of contexts required for PS HO in A/Gb mode
	FFS

	
	44.064 (LLC)
	CN1
	FFS; currently seen:
Possible impacts due to context transfer
	FFS

	
	44.065 (SNDCP)
	CN1
	FFS; currently seen:
Possible impacts due to packet forwarding / duplication and context transfer
	FFS

	
	24.008
	CN1
	FFS; currently seen:
RAU handling, P-TMSI / TLLI allocation
	FFS

	Other bodies
	
	
	
	


NOTE:
Ericsson to check impact on 23.064 (see Annex A:
Open issues).

6.2.1.2.2. Estimated standardisation time

The estimated standardisation time for this feature is high due to its complexity, the need to liase with other standardisation groups and the high impact on the terminal, RAN and CN.

This is initially estimated to be at least a full release.

6.2.2. Open issues

Table 5 summarises the issues that remain open regarding handover of PS services. A collection of all the open issues is included in an annex to this document.

Table 5 – Open issues for handover of PS services.
	No
	Description
	Companies
	Priority

	Status/Comments

	2
	Impact of 'handover of PS services' in 44.064

Should stage 2 description of the feature be described in this TS?
	Ericsson
	Low
	Open

	9
	PS handover requirements

The speech/radio performance requirements for the handover of TBFs need to be formulated.
	
	Medium
	Open

	11
	Handover and RAU

Interactions between the Handover and the Routeing Area Update procedures need to be studied.
	
	High
	Closed: Superseded by open issue 28

	21
	Inclusion of other working groups in enhanced Gb discussions

Introduction of handover for the Gb interface impacts MS, BSS and CN. It may also impact the overall system behaviour and should therefore be discussed with other working groups, e.g. SA2.
	
	High
	Open

	22
	Consideration of alternative approach for handover

The solution proposed in [AHAGB-025] should be analysed more deeply to get a clearer view on available alternatives and the issues impacting their feasibility. 
	
	High
	Closed:  No further analysis has been provided since first presentation.

	23
	Service Interruption Time

The service interruption time, which can be achieved has to be estimated. It has to be verified that the requirement to stay below 150 msec can be met.
	
	High
	Open

	24
	Handling of Ciphering

Security aspects (e.g. use different ciphering parameters on the new Gb-leg in t-SGSN) need further investigation. A new handling for the LLC has to be defined because the LLC is currently reset during the RAU procedure (Inter-SGSN case). This would possibly cause additional delay.
	
	High
	Open

	25
	Handling of Compression

Transfer of compression contexts and negotiation mechanism between MS and network during handover have to be clarified. Results may introduce additional delay before data transfer can  be resumed in the target cell.
	
	High
	Closed: ROHC context transfer will be performed at inter-SGSN handover based upon the procedures in UTRAN and GERAN Iu mode. The transfer mechanism is being investigated (see sub-clause 5.6)

	26
	Handling of Intra-BSS Handover

Intra-BSS handover case need to be studied in detail. Especially it has to be clarified if data duplication in SGSN may be applied for every cell change (impact on SGSN performance) and the interaction with the cell update procedure.

[See G2-020711 for analysis] It needs to be decided whether we should optimise the intra-BSC case as proposed or have a single procedure for all PS handover cases.
	
	High
	Open

	27
	Impacts on overall system behaviour

A general difference between the Gb- and the Iu-mode is that in Iu-mode the CN has not to deal with cell level-mobility control. The consequences of maintaining the cell-level mobility in the CN when introducing the backward handover principle for the enhanced Gb mode as well and the corresponding impact on the overall system behaviour need to be studied in detail.
	
	High
	Open

	28
	Coordination between handover and RAU

How to handle Routeing Area Updates whilst allowing the real-time user data to be transmitted and the impact on the MS functionality as well as on the SGSN functionality needs further investigation.

In order to allow uplink data transfer in the target cell after handover with a minimum service interruption it appears to be necessary to allocate the new TLLI (t-TLLI) to the MS while it is still in the old cell. The consequence of this is a change in the RAU procedure.

The MS has to store two TLLIs and implement new procedures. The CN must be able to split the functionality between allocation of P-TMSI/TLLI and updating of the HLR (new RAU procedure). This leads to considerable impact on the MS and CN and open issues such as; how to distinguish different sorts of RAU.

Possible dependence to LAU (e.g. via combined LAU/RAU procedure) has to be investigated.

It has been agreed that pre-emptive P-TMSI/TLLI handling is required. Whether we perform an explicit or implicit RAU upon successful access in the new cell has to be considered.
It is a working assumption (GP-022977) that the explicit RAU should be used after handover and not the implicit RAU, and that the RAU procedure will be modified in order to allow the sending of data prior to the completion of the RAU.
	
	High
	
Closed

	29
	Signalling transfer for handover via Um interface

Mechanisms for signalling transfer across radio interface have to be clarified. (e.g. RLC/MAC control messages or RR signalling message format, bandwidth requirements).
	
	High
	Open

	30
	Interaction between handover and FLO

Clarify handover handling in case the impacted mobile uses FLO.
	
	Medium
	Open

	31
	Handover message transfer BSSGP to GMM

Possibly the definition of a new SAP between BSSGP and GMM is required; the existing SAP GMM is currently used for messages originating from a GMM peer.
	
	Low
	Open

	32
	Mobiles and TBF subject to handover

It has to be investigated how the BSS can decide which mobiles and which TBF’s are subject to handover via enhanced Gb.
	
	Low
	Open

	33
	Interaction between handover and an optimised LLC/SNDCP protocol handling (if required)

Use of optimised LLC/ SNDCP header might considerably impact handover, e.g. if the optimisation requires ciphering to be performed in BSS.
	
	High
	Closed: Ciphering will be performed in the SGSN.  No additional clarification other than the details of context transfer are required

	34
	Handling of handover for mobiles in DTM state

Combined handover scenarios (ps&cs), especially required coordination between cs and ps domain need to be studied. (Note: currently in A/Gb mode the ps connection follows the cs handover decision in RAN).
	
	Medium
	Closed: enhancements to DTM to be progressed independently.

	35
	Channel types to be supported by handover

Handover procedures will be impacted by the channel types to be handled. Clarify which channels types have to be considered (e.g PDTCH or TCH like channel ?. SDCCH ?).
	
	Medium
	Open

	63
	CN profiles or default values

It is for further study whether we need to define CN configuration profiles or default values which are mandatory in the MS and SGSN to allow for simpler configuration procedures and to reduce the amount of data to be exchanged during context transfer.
	
	Medium
	Open





� High, Medium or Low.
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