3GPP TSG GERAN plenary #2

Tdoc 2G-000658



Agenda item 7.3

Stockholm, Sweden


November 6th – 10th, 2000


Titel: 

Hard Handover and BSC Relocation for GERAN
Source: 
Siemens AG

1. Introduction

During the last GERAN meetings, it has been clarified that the Iurg-interface shall have only a Control plane but no User plane. 

This paper analyses in some detail, how Hard Handover for GERAN (especially for realtime but also for non-realtime services) should look like. This analysis leads by the way to the conclusion, that even for GERAN an Iur-G interface has an User-plane, which, however, is (only) a unidirectional GTP-U tunnel, which exists only for a limited time. 

Realtime packetswitched handovers shall be seamless handovers. That means the interruption ("gap") of the transmission because of the cell change of the mobilestation and because of the change of the instance of the Iu interface shall be as short as possible. In contrast to non-realtime services, where lossless transmission is crucial, most of the realtime services cope with small losses (e.g. few speech frames) of data, but they are very sensitive concerning delay and delay variations.

These properties of realtime (rt) services have to be reflected in the handover procedures for the packetswitched services, which at the moment are mainly designed for non-realtime (nrt) services. The means to meet the requirements of rt-handovers, that is proposed in this paper, is duplication of GTP-U packets in the downlink direction. To minimise the impacts on the Core Network, this duplication should be performed in the Source-BSC as explained below. 

It should be noted, that similar mechanisms for seamless handover are already used in some implementations for handovers in the circuitswitched domain with so-called "conference bridges". 

2. Proposal for Combined Hard Handover and BSC Relocation Procedure for GERAN

The proposed phases of the Combined Hard Handover and BSC Relocation Procedure for GERAN are shown in figure 1. Essential points are, that

1. The Forward Relocation Request informs the New SGSN about the address and TEIDs to be used to send GTP-packets for this connection to the GGSN.

2. The Source BSC is able to send duplicated Downlink GTP-U packets additionally to the Target BSC via separate GTP-U Tunnels at the Iur-G interface. This duplication shall be started before the Physical Channel Reconfiguration is sent to the mobilestation. 

3. nrt-acknowledged services are treated differently to non-acknowledged services:
To avoid duplication of user data for these nrt-acknowledge services, it might be useful to restrict this duplication function in the Source BSC to GTP-U-Tunnels for non-acknowledged data. These nrt-acknowledged data are forwarded in the known way by means of the Forward BSC Context message and the "Forwarding of data" after the Physical Channel Reconfiguration has been sent.

The Forward BSC Context message could be sent directly to the Target BSC, if an Iur-G interface exists. This case corresponds to the uses of the Relocation Commit message. If no Iur-G interface exists the Forward BSC Context message is sent in the known way via the Core Network. 

2.1. Phases of Combined Hard Handover and BSC Relocation Procedure 

Fig.1 shows for the User-plane, when which GTP-U tunnels are needed during the proposed handover procedure. "Prepared Tunnels" are GTP-U tunnels for which the Tunnel Endpoint Identifier TEID are already known to the transmitting entity, and over which during this phase no user data is sent. Over the "Used Tunnels" user data are sent during this phase.

(Note: The U-plane between BTS and BSC is of course not a GTP-U tunnel.)
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Phase 1: Need for handover is detected by Source

                BSC

Phase 2:

Forward Relocation Request prepares UL-Tunnel from

New SGSN to GGSN;

Relocation Request and Relocation Request

Acknowledge prepares UL- and DL-Tunnel between

new SGSN and Target BSC

Phase 3:

Relocation Request Acknowledge, Forward Relocation

Response and Relocation Command prepare DL-

Tunnel from Source BSC to Target BSC;

Source BSC starts GTP-U duplication to Target BSC

after reception of Relocation Command

Phase 4:

Mobilestation changes cell after reception of Physical

Channel Reconfiguration;

Target BSC uses prepared UL-Tunnel to New SGSN to

send GTP-U packets to GGSN

Phase 5:

After reception of Update PDP Context Request the GGSN sends

DL GTP-U packets to the New SGSN via the new DL-Tunnel;

Source BSC possibly forwards unsend GTP-U packets of nrt-

services

Phase 6:

After reception of Forward Relocation Complete, Iu Release

Command and Iu Release Complete the old SGSN releases the Gn

GTP-Tunnels and the Source BSC releases the Iups and Iur-G GTP-

Tunnels


Figure 1: Phases of Combined Hard Handover and BSC Relocation Procedure

Please note, that during phase 3 and 4 there exist a uni-directional GTP-U from Source BSC to Target BSC. This GTP-U tunnel could be considered as an U-plane of the Iur-G interface! (That would be the logical conclusion from the fact, that the direct transmission of control messages between Source and Target BSCs is named "C-plane of the Iur-G interface".)

2.2. Message flow

Figure 2 shows the message flow for the Combined Hard Handover and BSC Relocation Procedure. The message flow and its description bases on TS 23.060 v.3.4.0 sect. 6.9.2.2.2 "Combined Hard Handover and SRNS Relocation Procedure" (which does not yet contain the case of realtime-packetswitched handover) and on tdoc 2g00-072 "Handover and RAN Relocation for the GERAN " from Ericsson (which added enhancements for the realtime-packetswitched HO). 

The main difference to tdoc 2g00-072 is the assumption, that the Source BSC starts the duplication of DL-data for non-acknowledged RABs already before the Physical Channel Reconfiguration message is sent to the mobilestation. That is considered as necessary to shorten the transmission gap as much as possible. Another addition is, that the Forward Relocation Request message contains the TEID to be used also by the New SGSN for UL-packets to the GGSN. These differences are also visible in fig.1. Furthermore the terms BSC and BSC relocation are used (instead of RNC, SRNC, RAN etc.) for better adaptation to GERAN-terms and -needs. The phases according to fig.1 are indicated in fig.2 as well.

Instead of the term "Bi-cast" the term "Duplication" is used. The reason is, that "Bi-cast" was used in the past very often for the parallel transmission of MAC-PDU and GTP-U packets towards the same Target BSC/RNC (either from SRNC or from SRNC and GGSN). Since the clear intention of the proposal in this paper is to avoid the transmission of MAC-PDUs via an Iur-G interface, it is felt necessary to use a new term to avoid any confusion.
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Figure 2: Combined Hard Handover and BSC Relocation Procedure

The message flow of figure 2 is described below:

1) Based on measurement results and knowledge of the RAN topology, the source BSC decides to initiate a handover, that is in the GERAN case a combined hard handover and BSC relocation.

2) The source BSC initiates the relocation preparation procedure by sending a Relocation Required (Relocation Type, Cause, Source ID, Target ID, Source RAN To Target RAN Transparent Container) message to the old SGSN. The source BSC shall set Relocation Type to "MS Involved". Source To Target RAN Transparent Container includes the necessary information for relocation co-ordination, security functionality and RRC protocol context information (including MS Capabilities).
3) The old SGSN determines from Target ID if the BSC relocation is intra-SGSN BSC relocation or inter-SGSN BSC relocation. In case of an inter-SGSN BSC relocation the old SGSN initiates the relocation resource allocation procedure by sending a Forward Relocation Request (IMSI, Tunnel Endpoint Identifier Signalling, MM Context, PDP Context, Target Identification, RAN Transparent Container, RANAP Cause) message to the new SGSN. To be able to send UL packets as soon as possible, also the GGSN address and TEIDs for each PDP Context shall be included. With this additional IEs the new SGSN shall establish an UL tunnel on the Gn i/f which shall be used for UL packets until the Update PDP Context procedure towards GGSN is executed. At the same time a timer is started on the MM and PDP contexts in the old SGSN (see Routeing Area Update procedure in subclause "Location Management Procedures (UMTS Only)"). The Forward Relocation Request message is applicable only in case of inter-SGSN BSC relocation.

4) The new SGSN sends a Relocation Request (Permanent NAS MS Identity, Cause, CN Domain Indicator, Source RAN To Target RAN Transparent Container, RABs To Be Setup) message to the target BSC. For each RAB requested to be established, RABs To Be Setup shall contain information such as RAB ID, RAB parameters, Transport Layer Address, and Iu Transport Association. The RAB ID information element contains the NSAPI value, and the RAB parameters information element gives the QoS profile. The Transport Layer Address is the SGSN Address for user data, and the Iu Transport Association corresponds to Tunnel Endpoint Identifier Data.


After all the necessary resources for accepted RABs including the Iu user plane (i.e. tunnel endpoint for the PS domain where forwarded packets from source BSC will be received) are successfully allocated, target BSC shall send the Relocation Request Acknowledge (Target RAN To Source RAN Transparent Container, RABs Setup, RABs Failed To Setup) message to the new SGSN. The transparent container contains all radio-related information that the MS needs for the handover, i.e., a complete RRC message (e.g., Physical Channel Reconfiguration) to be sent transparently via CN and source BSC to the MS. The target RNC will for each RAB to be setup (defined by an IP Address and a Tunnel Endpoint Identifier) receive both forwarded downstream PDUs from the source SRNC as well as downstream PDUs from the new SGSN.
5) When resources for the transmission of user data between target BSC and new SGSN have been allocated and the new SGSN is ready for relocation of BSC, the Forward Relocation Response (Cause, RAN Transparent Container, RANAP Cause, Target RAN Information) message is sent from the new SGSN to the old SGSN. This message indicates that duplication of packets by the source BSC should commence, i.e., the relocation resource allocation procedure is terminated successfully. RAN transparent container and RANAP Cause are information from the target BSC to be forwarded to the source BSC. The Target RAN Information, one information element for each RAB to be setup, contains the RAN Tunnel Endpoint Identifier and RAN IP address for data forwarding from source BSC to target BSC. The Forward Relocation Response message is applicable only in case of inter-SGSN BSC relocation.
6) The old SGSN continues the relocation of RAN by sending a Relocation Command (Target RAN To Source RAN Transparent Container, RABs To Be Released, RABs Subject To Data Forwarding, RABs Subject to Duplication) message to the source BSC. 
The old SGSN decides based on QoS which RABs are subject to data forwarding and which RABs are subject to duplication. The RABs to be forwarded are contained in RABs subject to data forwarding; the RABs to be duplicated are contained in a new IE RABs subject to data duplication.  For each RAB subject to data forwarding or duplication, the information element shall contain RAB ID, Transport Layer Address, and Iu Transport Association. Transport Layer Address and Iu Transport Association is used for forwarding/duplication of DL N‑PDU from source BSC to target BSC. 
The old SGSN decides the RABs to be subject for data forwarding or duplication based on QoS, and those RABs shall be contained in RABs subject to data forwarding. For each RAB subject to data forwarding or duplication, the information element shall contain RAB ID, Transport Layer Address, and Iu Transport Association. Transport Layer Address and Iu Transport Association is used for forwarding or duplication of DL N‑PDU from source BSC to target BSC. The Source BSC decides based on QoS, which RABs are subject to data forwarding and which RABs are subject for duplication.
7) For those RABs, that were chosen for duplication, upon reception of the Relocation Command message from the PS domain, the source BSC shall start duplication of data towards the target BSC and the existing PDCP/RLC/MAC context. These RABs will not be served by acknowledged RLC mode and therefore it is assumed that the target BSC will not need the GTP sequence numbers to be able to proceed with the packet transfer for those RABs. 
The target BSC which have already been prepared by the Relocation Request shall not wait for an RAB context for these RABs but shall immediately start packet transfer in downlink towards the MS and in uplink towards the new SGSN (after UE has sucessfully switched to new channel configuration). 
That means, for non-acknowledged services the transfer of the RAB Contexts and GTP- and PDCP sequence numbers can be omitted. The transmission of the duplicated data towards the target BSC shall be carried out via the IP layer of the Iu interface.
8) For those RABs, that were chosen for forwarding, upon reception of the Relocation Command message from the PS domain, the source BSC shall start the data-forwarding timer. When the preparation of the relocation procedure and of the duplication of non-acknowledged RABs by the source BSC is terminated successfully, then the source BSC shall trigger the execution of BSC relocation by sending to the MS the RRC message provided in the Target RAN to source RAN transparent container, e.g., a Physical Channel Reconfiguration (MS Information Elements, CN Information Elements) message. MS Information Elements include among others target BSC identity and S‑RNTI. CN Information Elements contains among others Location Area Identification and Routeing Area Identification. 
9) The source BSC continues the execution of BSC relocation by sending a Forward BSC Context (RAB Contexts) message to the target BSC via the old and the new SGSN for RABs with nrt-acknowledged RLC-mode. The purpose of this procedure is to transfer BSC contexts from the source BSC to the target BSC when handover is made with switching in CN. BSC contexts are sent for each concerned RAB and contain the sequence numbers of the GTP PDUs next to be transmitted in the uplink and downlink directions and the next PDCP sequence numbers that would have been used to send and receive data to/from the MS. Only RAB Contexts which are subject for data forwarding shall be included in this message (nrt-acknowledged services). 

10) After having sent the Forward BSC Context message, the source BSC begins the forwarding of data for the RABs to be subject for data forwarding. The data forwarding at BSC relocation shall be carried out via the IP layer of the Iu interface towards the target BSC. 

11) The MS is detected by the target BSC: After synchronization is complete, the MS automatically starts to receive downlink transmissions for non-acknowledged data and to transmit of non-acknowledged data to the target BSC.  Uplink transmission then proceeds towards the GGSN via the new SGSN, that uses the same tunnel end-point coordinates of the GTP tunnel established between the old SGSN and the GGSN. The target BSC continues the transmission of non-acknowledged data to the MS (i.e. the target BSC is going on to send duplicated GTP-packets, which have been received from source BSC over GTP-U tunnel, via its corresponding PDCP/RLC/MAC instances). 
For the nrt-acknowledged RABs, which are designated for data forwarding, the set up of PDCP sequence numbers (PDCP_SNU, PDCP_SND) is performed. 
12) The target BSC shall send a Relocation Detect message to the new SGSN when the relocation execution trigger is received. For BSC relocation, that is always of the type "MS Involved", the relocation execution trigger may be received from the Um interface; i.e., when the target BSC detects the MS on the lower layers. When Relocation Detect message is sent, target BSC shall start BSC operation for nrt-acknowledged RABs that were handed over with the non-acknowledged RABs.

13) Upon reception of Relocation Detect message, CN shall switch the user plane from source BSC to target BSC. If the BSC relocation is an inter SGSN BSC relocation, the new SGSN sends Update PDP Context Request (New SGSN Address, SGSN Tunnel Endpoint Identifier, QoS Negotiated) message to the GGSNs concerned. The GGSNs update their PDP context fields and return an Update PDP Context Response (GGSN Tunnel Endpoint Identifier) message. 

14) When the MS has reconfigured it self, it sends e.g., a Physical Channel Reconfiguration Complete message to the target BSC. From now on the exchange of packets with the MS can start for any remaining RABs configured after handover. That is only the case for RABs with nrt-acknowledged RLC-mode.

15) The target BSC shall initiate Relocation Complete procedure by sending the Relocation Complete message to new SGSN. The purpose of Relocation Complete procedure is to indicate by the target BSC the completion of relocation of BSC to the CN. If the BSC Relocation is an inter-SGSN BSC relocation, then the new SGSN signals to the old SGSN the completion of the BSC relocation procedure by sending a Forward Relocation Complete message.

16) Upon receiving the Relocation Complete message or if it is an inter-SGSN BSC relocation; the old SGSN sends an Iu Release Command message to the source BSC. When the BSC data-forwarding timer has expired the source BSC responds with an Iu Release Complete message.

17) After the MS has finished the reconfiguration procedure and if the new Location/Routeing Area Identification is different from the old one, the MS initiates the Location or Routeing Area Update procedure respectively. See subclause "Location Management Procedures (UMTS Only)". Note that it is only a subset of the RA update procedure that is performed, since the MS is in PMM‑CONNECTED state.

For an MS with GPRS‑CSI defined, CAMEL interaction may be performed, see referenced procedures in 3G TS 23.078:

C1)
CAMEL-GPRS-SGSN-Context-Acknowledge.

C2)
CAMEL-GPRS-Routeing-Area-Update.

3. Proposal

It is proposed to agreed in TSG GERAN on the figure 2 and the decription of the message flow as the procedure for the GERAN internal hard-handover. At least figure 2 and the decription of the message flow should be included into a stage 2 description. 

Since the best place for a corresponding addition/change is TS 23.060, TSG GERAN should liaise this proposal to TSG SA2 and TSG RAN3. Together with SA2 and RAN3 it should be decided, whether the proposal shall be included in 23.060 in a separate chapter or whether it can be combined with an enhanced chapter "Combined Hard Handover and SRNS Relocation Procedure". 







Contact: Dr. Christian Menzel, Siemens AG, ICM M MR ST2,  christian.menzel@icn.siemens.de, phone +49 89 722 24337
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Phase 5: 



After reception of Update PDP Context Request the GGSN sends DL GTP-U packets to the New SGSN via the new DL-Tunnel;



Source BSC possibly forwards unsend GTP-U packets of nrt-services
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Mobilestation changes cell after reception of Physical Channel Reconfiguration;



Target BSC uses prepared UL-Tunnel to New SGSN to send GTP-U packets to GGSN
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Phase 3: 



Relocation Request Acknowledge, Forward Relocation Response and Relocation Command prepare DL-Tunnel from Source BSC to Target BSC;



Source BSC starts GTP-U duplication to Target BSC after reception of Relocation Command
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Phase 6: 



After reception of Forward Relocation Complete, Iu Release Command and Iu Release Complete the old SGSN releases the Gn GTP-Tunnels and the Source BSC releases the Iups and Iur-G GTP-Tunnels
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