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Introduction

At the moment there is no defined handling of sequence numbers in case of PDP contexts which use SNDCP acknowledged mode and PDP contexts which require delivery order (i.e. for GTP-U PDUs) to be preserved for PS Handover. It is clear this handling needs to be added in the TS 43.129. Otherwise this TS remains incomplete because it does not cover the functions mentioned above. As a consequence Inter RAT, Inter Mode and Intra GERAN A/Gb mode handover are not completely specified.

This document explains the UTRAN combined hard handover and SRNS relocation case since it is very similar to the GERAN A/Gb mode PS handover.

Purpose of the Forward SRNS context message in the UTRAN hard handover case
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Figure 1 Combined Hard Handover and SRNS Relocation Procedure

The corresponding description of the message charts in the 23.060 
is:

8)
Before sending the RRC message the uplink and downlink data transfer shall be suspended in the source SRNC for RABs, which require delivery order. ….. When the source SRNC is ready, the source RNC 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 (UE Information Elements, CN Information Elements) message…..

When the MS has reconfigured itself, it sends an RRC message e.g., a Physical Channel Reconfiguration Complete message to the target SRNC. 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 may start the packet transfer for all RABs, which do not require maintaining the delivery order.
9)
The source SRNC continues the execution of relocation of SRNS by sending a Forward SRNS Context (RAB Contexts) message to the target RNC via the old and the new SGSN. The Forward SRNS Context message is acknowledged by a Forward SRNS Context Acknowledge message, from new to old SGSN. The purpose of this procedure is to transfer SRNS contexts from the source RNC to the target RNC, and to move the SRNS role from the source RNC to the target RNC. SRNS 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 from the MS. PDCP sequence numbers are only sent by the source RNC for the radio bearers which used lossless PDCP [57]. The use of lossless PDCP is selected by the RNC when the radio bearer is set up or reconfigured. For PDP context(s) using delivery order not required (QoS profile), the sequence numbers of the GTP-PDUs next to be transmitted are not used by the target RNC.

      If delivery order is required (QoS profile), consecutive GTP-PDU sequence numbering shall be maintained throughout the lifetime of the PDP context(s). Therefore, during the entire SRNS relocation procedure for the PDP context(s) using delivery order required (QoS profile), the responsible GTP-U entities (RNCs and GGSN) shall assign consecutive GTP-PDU sequence numbers to user packets belonging to the same PDP context uplink and downlink, respectively.
      The target RNC establishes and/or restarts the RLC and exchanges the PDCP sequence numbers (PDCP-SNU, PDCP-SND) between the target RNC and the MS. PDCP-SND is the PDCP sequence number for the next expected in-sequence downlink packet to be received by the MS per radio bearer, which used lossless PDCP in the source RNC. PDCP-SND confirms all mobile terminated packets successfully transferred before the SRNC relocation. If PDCP-SND confirms reception of packets that were forwarded from the source SRNC, then the target SRNC shall discard these packets. PDCP-SNU is the PDCP sequence number for the next expected in-sequence uplink packet to be received in the RNC per radio bearer, which used lossless PDCP in the source RNC. PDCP-SNU confirms all mobile originated packets successfully transferred before the SRNC relocation. If PDCP-SNU confirms reception of packets that were received in the source SRNC, the MS shall discard these packets.
Transfer of the SRNS role

With the Forward SRNS context procedure the SRNS role is transferred from the Source RNC to the traget RNC. Therefore the target RNC expects this procedure even when exchange of sequence numbers is not required (i.e. No PDCP lossless mode and no delivery order to be preserved).

Transfer of GTP sequence numbers

The TS 23.060 describes the forwarding of GTP sequence numbers with the Forward SRNS procedure in case of Combined Hard Handover and Relocation.

The Forward SRNS context procedure may contain the GTP sequence numbers:

GTP sequence numbers are included when the delivery order needs to be preserved.  The delivery order flag is part of the Quality of Service profile (see TS 24.008) for each PDP context.

If delivery order needs to be preserved the GGSN (for DL) and the RNC (for UL) shall assign consecutive GTP PDU numbers for the lifetime of the PDP contexts. The receiving side monitors the received GTP sequence numbers and if there is a gap in sequence numbers, the receiving entity would wait for the missing GTP PDU (which will never arrive) and would try to re-order. It means that the G-PDUs are delivered in sequence from the SGSN to the GGSN and vice versa in 2G or between RNC and GGSN in 3G respectively. 

If GTP sequence numbers are assigned twice to different user data the receiving entity would discard those double GTP PDUs. 

Actions related to the packet handling to preserve delivery order required: 

In the current 23.060 in case of hard handover the SRNC shall stop downlink and uplink traffic before it sends the RRC (handover) message to the UE. The reasoning behind this is that if the SRNC does not stop traffic just prior to sending the RRC message it will not send accurate GTP numbers to the target RNC in the Forward SRNS Context message. 

· If the SRNC would still send uplink data to the GGSN for those PDP contexts some uplink GTP numbers will be reused by the target RNC (i.e. since it assumes uplink GTP sequence number received in the Forward SRNS Context message is accurate) and the GGSN will discard the GTP-PDUs with the duplicated sequence number.

· In the downlink if the SRNC would not stop traffic to the UE, there would be a gap in the GTP PDU sequence numbers since the SRNC had already sent the corresponding downlink PDCP PDUs to the UE. The target RNC would try  re-ordering the downlink GTP PDUs, but since the GTP-U PDUs perceived as missing will never be received some service interruption would occur.

In the SRNS relocation case the GTP sequence numbers are also transferred in the PDP contexts which are sent in the Forward relocation request message from the old to the new SGSN. These sequence number are not evaluated for the SRNS relocation case, please refer to 29.060. The reasoning behind is that the DL/UL traffic is still ongoing in the source side whilst the Forward Relocation Request message is sent to the new SGSN and therefore the included GTP sequence numbers are typically outdated.

Transfer of PDCP sequence numbers

PDCP sequence numbers are included in the Forward SRNS context message if the old RNC uses lossless PDCP.

The PDCP sequence numbers ensure lossless data transmission for a PDP context. In this mode of operation of the PDCP the change of the RNC is also specified, e.g. by using the Forward SRNS context procedure. 

PDCP sequence numbers are not defined in the PDP contexts which are sent with the Forward Relocation Request message because they would also be outdated as the GTP sequence number.

Forward SRNS context message in the Inter RAT PS Handover scenarios

As described above the Forward SRNS context message is sent from the source RNC to the target RNC via the old and new SGSN in the combined hard handover and SRNS relocation case. 

· When the MS is handed over from UTRAN to GERAN A/Gb mode the RNC will send the Forward SRNS context message to the 3G SGSN which will forward this message to the 2G SGSN. Only this message contains valid sequence numbers (GTP as well as PDCP) as shown above.

· When the MS is handed over from GERAN A/Gb mode to the UTRAN, the target RNC will expect the Forward SRNS context message. If a RAB requires delivery order to be preserved the RNC will also expect the GTP sequence numbers in the Forward SRNS context message.

As a consequence for the Inter RAT scenarios the Forward SRNS context procedure is required. This procedure can be used without change for exchange of GTP sequence numbers as currently specified for the Combined Hard Handover and SRNS relocation case (except that the 2G SGSN will terminate the GTP user plane).  

The 2G SGSN has to implement the Forward SRNS context procedure in order to ensure all interRAT and intermode PS HOs. Otherwise the interRAT and intermode PS HO cannot be supported.

For the transfer of sequence numbers a conversion from PDCP to SNDCP sequence number and vice versa is necessary when lossless operation in A/Gb mode makes use of LLC ABM.. 

Forward SRNS context message in the Intra GERAN PS HO scenarios

As shown above the Forward SRNS context message is used in the interRAT and intermode PS HO and  therefore the Forward SRNS context procedure needs to be supported in a 2G SGSN. Consequently this procedure needs to be used for the Intra GERAN PS Handover too: 

· in order to avoid a differing implementation for interRAT and intra GERAN.

· because the 2G SGSN doesn’t know whether the target SGSN is 2G/3G SGSN

When the Forward SRNS context procedure is used in the Intra GERAN PS Handover scenario for PDP contexts for which delivery order needs to be preserved it is handled in the same way as in the Inter RAT scenarios without any change.

User data for PDP contexts which require delivery order to be preserved can be treated in the same way as in combined hard handover and SRNS relocation, i.e. the old SGSN stops downlink traffic and the source BSS stops uplink traffic before the GTP sequence numbers are sent by the Forward SRNS context procedure to the new SGSN.

For the handling of the SNDCP sequence numbers (acknowledged SNDCP mode only) there is the need that these sequence numbers are added to the Forward SRNS Context message and a sequence number conversion is defined (e.g. for the case where the target side is GERAN Iu mode and lossless operation based on LLC ABM is used on the source side).

DL and UL packet transmission in the source side

GERAN A/Gb to GERAN A/Gb

Proposed packet handling for Lossless PDP/PFC which uses LLC ABM:

It is clear that at some point the UL traffic from the MS to the SGSN needs to be suspended to avoid that the Receive N-PDU number of the SGSN is outdated. An excellent moment would be when the Forward SRNS context message is sent to the new SGSN. The old SGSN would include the uplink and downlink N-PDU sequence numbers in effect at that point and send them to the new SGSN in the Forward SRNS Context message. At this moment the old SGSN shall no longer assign N-PDU numbers to the DL GTP PDUs (i.e. all downlink GTP PDUs will be relayed to the new SGSN after sending the Forward SRNS Context message to the new SGSN)).

Upon sending the Forward SRNS Request message to the new SGSN, the old SGSN must also simultaneously request the source BSS to suspend UL traffic for the PFC to which the PDP context belongs to. The source BSS can do this upon receiving a PS Handover command from the old SGSN.

Due to the nature of LLC ABM operation the SGSN will no longer receive confirmations for the successful delivery of DL LLC frames once the source BSS has stopped sending UL traffic. Because of this there are two possible ways to proceed regarding how the source BSS manages DL traffic once it has received a PS Handover command from the old SGSN:.John: could you please add further arguments to stop DL traffic?

Packet handling for Lossless PDP/PFC which uses LLC ADM

It was agreed earlier that the source BSS empties the internal buffer by sending the LLC frames to the MS. Consequently it is not very helpful if the SGSN still sends DL data for that PFC. UL traffic is not affected and therefore possible if delivery order of uplink GTP PDUs is not required. If delivery order is required then the BSS must stop UL traffic upon receiving the PS Handover command from the old SGSN (i.e. the same as for LLC ABM based operation described above). It is not needed to send N-PDU sequence numbers to the new SGSN.

Packet handling for lossy PDP/PFC  which uses LLC ADM

It is not neither required that the old SGSN and the source BSS stops DL traffic nor it is required that the BSS stops UL traffic.

Packet handling for PDP/PFC which require Delivery order to be preserved

When the GTP sequence numbers are transferred to the new SGSN the UL as well as the DL traffic from the old SGSN to the source BSS needs to be stopped to avoid duplication or gaps in the GTP sequence numbers.

A perfect moment is when the Forward SRNS context message from the old to the new SGSN is sent, which contains these sequence numbers. As a side effect and a main advantage this approach can be reused without change for the Inter RAT handover scenarios.

GERAN A/Gb to UTRAN:

The packet handling of the GERAN A/Gb mode to GERAN A/Gb mode is reused at the source side. The target RNC will receive the Forward SRNS context message as currently specified. With the Forward SRNS context message the target RNS may receive, if applicable, the GTP sequence numbers and/or the N-PDU/PDCP sequence numbers.

UTRAN to GERAN A/Gb mode:

The SRNC sends the Forward SRNS context message to the new SGSN and includes the sequence numbers if needed.

Additional Sequence numbers in signaling messages

The packet handling of the different bearers has been proposed above. Since we rely on the SGSN to know when an MS supports PS handover, when a PFC for such an MS is to be supported using PS handover, when a PFC subject to PS handover is lossless or lossy and whether such a lossless PFC makes use of LLC ABM or LLC ADM, the following flags are proposed are proposed for inclusion in the PS Handover command sent from the SGSN to the BSS.

1. A flag per PFC in the PS Handover Command message to inform the BSS whether or not it should empty the buffer for that PFC.

2. A flag per PFC in the PS Handover Command message that indicates whether or not the BSS shall suspend uplink traffic for that PFC.

Conversion of sequence numbers from PDCP to SNDCP and vice versa.

In an earlier version of the packet forwarding CR there it was proposed:

· GERAN A/Gb to GERAN A/Gb:
Exchange of N-PDU numbers
· GERAN A/Gb to UTRAN:
To use PDCP sequence numbers in the Forward SRNS context message, i.e. to convert the N-PDU numbers to PDCP numbers by adding eight most significant ‘1’ bits. That follows the principle source adopts to target.

· UTRAN to GERAN A/Gb:
To follow the principle source adopts to target and to send N-PDU numbers in the Forward SRNS context message.

There are also further possibilities to that:

· UTRAN to GERAN A/Gb mode:
To transfer PDCP sequence numbers from the SRNC to the new SGSN, i.e. the new SGSN converts the PDCP sequence numbers into N-PDU sequence numbers by stripping off the 8 most significant bits.

This deviation from the principle source adopts to target has the advantage that there are no further additions to the Forward SRNS context message of the RANAP.

Conclusion and Proposal

This document explains the usage of the Forward SRNS context message for the UTRAN combined hard handover and SRNS relocation scenario and clarifies that this procedure is needed for all inter RAT scenarios and inter mode scenarios. It fits perfectly to the current defined handling of UTRAN combined hard handover and SRNS relocation case.

To enable inter RAT and inter mode PS HO the Forward SRNS context procedure is needed. There are not any further requirements for the intra GERAN A/Gb mode PS HO for the 2G SGSN which are already required for inter RAT and inter mode PS HO.

In case the Forward SRNS context procedure is not supported the inter RAT, inter mode PS HO is not possbile, i.e. any service continuity to other RAT is not guaranteed. Even for GERAN A/Gb mode a HO for PDP contexts using ACK mode or using the QoS attribute “delivery order required” (e.g. for PDP type PPP) is not supported if the Forward SRSN context procedure is not supported.

Therefore Siemens proposes to include the corresponding CR in GP-041937, which includes the updates related to including the Forward SRNS context procedure for all PS HOs into the specification TS 43.129.

There is an open question regarding which entity converts the N-PDU number into PDCP numbers or vice versa, but this is only a small issue and can be decided during stage 3 work.

The content of this discussion paper is reflected in the latest CR to the TS43.129 for packet forwarding:

· The Forward SRNS context message is sent in all scenarios. Note that for consistency this message will still be sent even for the one case where it is not strictly needed (i.e. the case of inter-SGSN A/Gb mode to A/Gb mode PS handover where a lossless PFC uses LLC ADM and delivery order is not required) as it still provides the new SGSN with an indication that the PS handover is proceeding and MS arrival in the new cell is imminent.

· The Forward SRNS context message is used to transfer the GTP sequence numbers in case the PDP context needs delivery order to be preserved

· The Forward SRNS context message is used to transfer the PDCP/SNDCP sequence numbers if applicable (lossless PDCP or LLC ABM)

· As a working assumption for the conversion from PDCP to SNDCP sequence numbers or vice versa the principle of source adopts to target is to be applied.
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