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Issues relating to PS Handover on an enhanced Gb

1. Introduction

This paper assesses some initial protocol models and call flows to support handover for  real-time services from the Packet Switched domain on an enhanced Gb interface.  It is provided in order to aid progress in the enhanced A/Gb feasibility study.  

Possible assumptions for a functional split between GERAN and CN, for a protocol stack and call flows are presented alongside reasons for choosing the approach.  Based on these assumptions, various open issues and items for further study are identified.  

2. Requirements

The service requirements for PS handover have been proposed in [3].  The main ones to consider are listed below:

· The procedure must be suitable for conversational and enhanced streaming services

· It should apply to intra-BSS, inter BSS, inter-SGSN and UTRAN/GERAN handover

· A maximum of 100-150 ms service interruption time is required

3. Assumptions and Scope

The scope of this work area is that of real-time handover of  packet data flows on an enhanced Gb interface for shared channels.  

Our working assumptions are split into three areas; general, RAN and CN related.  

3.1. General Assumptions

· The enhanced Gb handover concept should minimise the impact on existing Gb implementation/functional split

· Backward handover is required (i.e. the network must allocate resources before handover is executed by the MS)

· Data duplication in the downlink is required during handover to reduce service interruption time for streaming and conversational bearers (others utilise data buffering/forwarding)

· The following features are available for Gb:

· Enhanced flow control 

· Multiple TBFs for Gb (e.g. for data streams with different RLC modes)

· Functional split between GERAN A/Gb mode and CN is preserved as far as possible 

3.2. RAN Assumptions

· Evaluation of measurement reports and the handover decision is executed in the BSS

· The controlling part for handover in the BSC is the “Gb-RR” function (note: this is a proposed new functional entity for handling enhanced Gb handover – Gb-RR should be part of RR and is ffs)

3.3. Core Network Assumptions

· Ciphering/compression for enhanced Gb will be performed in the CN (as is the current situation)

· The controlling part for handover in the SGSN will be the GMM entity

· Data duplication is performed by the SGSN

· Data duplication in DL within the source SGSN is  assumed. 

· no extra buffer requirements for real time handover in BSC assumed, but for the flow control maybe an increase in the BSC buffer is required anyway

Note: the principle difference between handover functionality’s in GERAN-Iu- and GERAN-eGb mode will most probably lead to the deployment of basically different ps CN nodes.

4. C-Plane Protocol Stack

This section proposes a C-plane protocol stack for enhanced Gb real-time handover.  It is derived from the assumptions outlined in section 3.  
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Figure 1
Proposed C-Plane Protocol Stack for Gb Handover

Figure 1 shows the proposed C-plane protocol stack for real-time Gb handover. and indicates the path along which messages for Gb handover may be exchanged.

Two logical entities thought to be required for control of the handover procedures are integrated in the standard Gb protocol stack to minimise impact on existing implementations. 

One L3 handover control entity (abbreviated as GMM(HO-Ctrl) ) is assumed to be part of the GMM layer. It is required in MS and SGSN. This approach is in line with the UTRAN relocation definition.  The functions of this entity in the SGSN will include:

· Control of set-up of data duplication/GTP tunnels

· Transfer of MM contexts and PDP contexts between SGSNs during handover 
The second handover control entity (abbreviated as Gb-RR) is assumed to be part of the RR layer and will be responsible for controlling the Gb handover functions in BSS related to the radio interface. Tasks of Gb-RR will be e.g.:

· Storage of relevant BSS context data

· Initiation of handover, based on measurement reports and possibly other criteria based on cell load

· Reservation of radio resources in the target cell during handover preparation

GMM(HO-Ctrl) in the SGSN will interact with BSSGP using new or enhanced service primitives, whereas GMM(HO-Ctrl) in the MS exchanges service primitives with Gb-RR. 

Communications between GMM(HO-Ctrl) peer entities (in MS and SGSN) can utilise Information Elements in BSSGP that are transported transparently for the BSS.  

Signalling messages on the Gb interface are exchanged via BSSGP using the signalling BVC.  The use of BSSGP minimises the changes to the existing Gb protocol model, as the alternative is to introduce a new protocol stack.  Note that the transport plane of the Gb interface must be able to guarantee low delay for signalling messages in order to optimise the service interruption time.  

For communications across the Um interface, two alternatives are currently foreseen. 

Approach 1:
Re-use of RLC/MAC messages

· Gb-RR communicates with RLC/MAC using new service primitives.  

· existing RLC/MAC messages such as the Packet Cell Change Order are re-used as far as possible

· Gb-RR messages are exchange via PACCH

Approach 2:
Use of layer 3 handover control messages

· Gb-RR communicates with its peer using new handover messages, which are transported transparently by RLC/MAC (in a similar way to the use of SRBs in Iu mode)

· Gb-RR messages on the Um interface can be carried by SFACCH or an additional TBF for signalling

As proposed by Ericsson, special handling of measurement reports and timing advance may be achieved by using SACCH and LAPDm.  

5. Call Flows

In order to take the protocol model one stage further some initial call flows are given for an inter-SGSN enhanced Gb handover procedure.  This example serves to illustrate one possible procedure for the enhanced Gb handover and in so doing raises a number of issues that must be addressed.  

The call flows are split into three phases: the preparation phase, the execution phase and the completion phase (as done in [2]). 

The preparation phase is concerned with preparing the network for the change of BSS and SGSN and starting data duplication in the source SGSN.  The execution phase is the procedure concerned with the MS moving cells and the completion phase is related to the functionality required to release resources in the source BSS and SGSN thus completing the handover.  

The network entities prefixed with ‘t-‘ are the target entities and those prefixed with ‘s-‘ are the source entities.  

5.1. Preparation Phase

Figure 2 show the message flows for the preparation phase of an inter-SGSN enhanced Gb real-time handover.  
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Figure 2
Preparation Phase

The different steps are numbered sequentially and are briefly explained below. 

	Step
	Description

	1
	The periodic Packet Measurement Report messages sent from the MS are evaluated by s-BSS
Gb-RR decides to handover the MS to the target cell of another BSS. 


	2
	s-BSC sends HO Required to s-SGSN.

· A new BSSGP message triggers the external HO procedure in SGSN.



	3
	BSSGP in s-SGSN receives the HO-Required message.

· BSSGP triggers GMM(HO-Ctrl) via service primitive indication. 

· GMM(HO-Ctrl) determines that the target cell is served by another SGSN

· GMM(HO-Ctrl) sets up FORWARD HO REQUEST including MM and PDP Context data to be send to t-SGSN via Gn interface. 

· Message is transferred to t-SGSN via GTP 



	4
	t-SGSN receives FORWARD HO REQUEST message and : 

· allocates a new P-TMSI and TLLI (t-P-TMSI,  t-TLLI)

· stores the received MM and PDP context data  

· triggers preparation of U-Plane in t-SGSN (how SNDCP and LLC are set-up without communication with the MS or transfer of context information from s-SGSN to t-SGSN is ffs)

· determines BVCI 

· allocates required PFI for the t-TLLI

· checks for available resources on Gb-i/f 

· sets up and sends HO REQUEST message to t-BSC via Gb;



	5
	t-BSS receives message and

· establishes BSS context and PFCs for all UL and DL PFCs requested

· performs resource reservation on radio interface for all PFCs subject to handover

· performs reservation in UL for Gb interface (e.g. suitable NSVC)

· assigns suitable flow control parameter

· answers to t-SGSN with HO REQUEST ACKNOWLEDGE



	6
	t-SGSN checks if HO preparation in t-BSS was successful; if yes, then it sends

· FORWARD HO Acknowledge to s-SGSN including:

· IP address and TEID for DL traffic 

· radio interface parameter received from t-BSS 

· t-TLLI



	7
	s-SGSN receives FORWARD HO Acknowledge and:

· starts data duplication of real-time data packets (real-time data are sent to s-BSS  and via established GTP-tunnel towards t-SGSN).  Whether duplication is done on GTP or SNDCP layer is ffs.

· starts data forwarding for nRT services

· continues to send DL packages to s-BSS as before 

· assembles and sends HO Command to s-BSS containing the information received fromj the target side




5.2. Execution Phase

Figure 3 show the message flows for the execution phase of an inter-SGSN enhanced Gb real-time handover.  
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Figure 3
Execution Phase

	Step
	Description

	1
	On receipt of HO Command from s-SGSN, the s-BSS orders the MS to perform HO. All data required for the MS to immediately access the target cell are provided by the network. 

· Approach 1: PACCH: Packet Cell Change Order message (as RLC/MAC control message) is sent to the MS

· Approach 2: SFACCH: HO Command message (as new L3 message, using the FACCH shared concept) is sent.



	2
	the s-BSS informs s-SGSN about triggered HO with the message Handover Commit

Note: whether or not such a message is required to trigger a Forward Context message is ffs.



	3
	s-SGSN forwards context information (SNDCP Sequence Number) to t-SGSN.

Note: necessity of this message is ffs. 



	4
	MS accesses the target cell (Detection of MS) via access bursts 
If after ‘Detection of MS’ UL and DL data flow via target cell for real-time traffic can be activated is ffs. 



	5
	t-BSS informs t-SGSN about successful HO with Handover Detect message

	6
	t-SGSN informs GGSN with Update PDP Context Request

	7
	GGSN redirects flow for the mobile in DL direction from s-SGSN to t-SGSN. Resources for s-SGSN in GGSN are cleared. Successful switching is reported to t-SGSN with Update PDP Context Response


5.3. Completion Phase

Figure 4 shows the message flows for the completion phase of an inter-SGSN enhanced Gb real-time handover.  
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Figure 4
Completion Phase

	Step
	Description

	1
	After MS-internal reconfiguration is completed, GMM in MS sends Handover Complete to t-BSS (via PACCH or SFACCH, depending on approach chosen).

	2
	t-BSS informs t-SGSN about HO completion with ‘Handover Complete’

	3
	t-SGSN informs s-SGSN about HO completion with ‘Forward Handover Complete’

	4
	s-SGSN 

· terminates data duplication and data forwarding to t-SGSN

· informs s-BSS about HO completion with ‘Context Release’ 



	5
	s-BSS clears all resources of the mobile and answers with Context Release Complete to s-SGSN.



	6
	Because RA has changed, the MS has to send a RAU which will only update the HLR 

· How will the NAS layer in the MS be informed about the RA change? ffs

· How can this type of RAU be distinguished from the normal RAU? ffs


6. Open Issues

Open issues raised in this document that require further investigation are summarised in the list below:

· Signalling channels for Um interface (RLC/MAC messages on PACCH or new Layer 3 messages)

· 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.

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 whilst it is in the old cell.  This enables it to start sending data in the t-BSS before a RAU procedure is started.  

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 several open issues such as; how  to distinguish different sorts of RAU.  

· 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
· Is it intended to differentiate between rt and nrt TBF in the context of the discussed HO functionality for eGb. If it is intended to allocate TBF resources in the target cell only for rt TBFs, how does the BSS know which TBFs are subject to handover?
One possibility is to derive this from the QoS profile available in the BSS.  Another is for the SGSN to add a flag to the PDP context identifying that it is subject to handover. This is ffs., but decisions already taken in UTRAN regarding the HO of realtime services from the PS domain should be taken into account. 

· It is assumed that the SGSN start data forwarding for non real-time services when it starts packet-duplication.
· Estimation of achievable service interruption time? 
Before deciding on an eGb specific handover mechanism it should be clarified whether the delay requirements for Um and Gb interface can be met with existing mechanisms. 

In addition it shall be studied whether the transfer of RT data in target cell can be started immediately after detection of MS in target cell or whether additional negotiations (e.g. for ciphering or compression) are required.

· Handling of Ciphering and Compression; 
 Security aspects (e.g. the need to use different ciphering parameters on the new Gb-leg in t-SGSN) have to be taken into account. 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. 

Compression contexts and ciphering contexts need to be transferred between SGSNs (in Iu-mode this is performed RAN internally) adding further complexity for the involved CN nodes.  

· Efficiency of usage of shared channels for RT-services
It is not clear how efficiently RT packet services and best-effort data traffic can share PDCHs. 

· Interworking with enhanced flow control and multiple TBFs for Gb
· It is proposed to add consideration of other HO scenarios (e.g. Intra-BSS HO, HO GERAN to UTRAN, HO UTRAN to GERAN) to the feasibility study.

Further it shall be studied whether a special handling for Intra-BSS HO is needed.

· Combined HO scenarios (ps&cs) need to be studied. (Note: currently in A/Gb node the ps connection follows the cs HO decision in RAN).

· Gb Handover in case FLO is used

7. Conclusions

A call flow, based on existing Iu-PS real-time handover procedures is presented illustrating an inter-SGSN handover utilising packet duplication of DL packets in the SGSN to minimise service interruption.  

A control plane protocol model for a real-time handover procedure on an enhanced Gb interface following general requirements in has been presented.  It introduces two new logical entities; a Gb-RR entity in the MS and BSS and a Handover control entity in the GMM layer in both SGSN and MS.  This control plane architecture utilises the existing BSSGP signalling link for new handover related messages in order to minimise the impact on the existing A/Gb architecture.  

This paper has shown the considerable complexity involved in enhancing the A/Gb functionality to meet the proposed real-time PS handover service requirements.  Many issues remain open and it is likely that if they can be solved major changes are required to MS, RAN and CN procedures. It is proposed to carefully study these open issues in order to assess the risk of pursueing handover concepts for real-time PS data flows in an enhanced A/Gb mode.   

It should be noted that 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 HO principle for the eGb mode as well and the corresponding impact on the overall system behaviour need to be studied in detail before giving any final recommendation for further standardisation work.

As the current requirements obviously lead to a modified ps CN functionality it is proposed to include TSG SA WG2 into the GERAN discussions, as this is the responsible group for the overall ps architecture.
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