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Minimizing packet loss at PS Handover
1 Introduction

Within the 3GPP standardisation of GERAN A/Gb mode, two main types of PS Handover is so far discussed and described in a GERAN Technical Specification: 

a) A lossy type of handover for delay sensitive services that accepts a certain amount of packet loss e.g. a conversational speech type of service utilizing unacknowledged RLC and unacknowledged LLC/SNDCP mode of operation;

b) A lossless type of handover for services requiring minimum packet loss utilizing acknowledged RLC and acknowledged LLC/SNDCP mode of operation.

This contribution proposes principles for a modified lossless type of handover utilizing acknowledged RLC and un-acknowledged LLC. 

2 Background

To handle handover of packet services that require a minimum of packet loss it is in the current proposal possible to operate both the RLC and the LLC/SNDCP protocols in acknowledged mode. However, this is not desirable, as with these two protocols operating in acknowledged mode a certain amount of delay will be introduced whenever retransmission is determined to be necessary at any of these layers. The delay introduced especially when retransmission occurs at the LLC layer may impact higher layer operation (e.g. for TCP based services where a protocol stack consisting of TCP/IP/SNDCP/LLC/RLC is used) with the net result being a major reduction in throughput temporarily being experienced by the affected packet service. This extra delay will impose a lowered quality of service as perceived by the user. In addition, operating these two protocols in acknowledged mode would result in increasing the overhead being used for control plane functions and therefore providing less bandwidth for user plane payload.

In the work on enhanced Streaming in GERAN it was also concluded that LLC/SNDCP operating in acknowledge mode should be avoided due to the extra delay experienced by all packets if one packet is lost. Today’s streaming services are normally implemented operating RLC in acknowledged and LLC/SNDCP in unacknowledged mode, which allows for eliminating the potential for serious delay problems as described above. However, this approach has the problem of not being able to support lossless packet service for the case where MS mobility involves a change of cell and SGSN. 

3 Proposed Solution

To minimize the potential packet loss for all services subject to lossless PS handover operating the LLC/SNDCP protocols in un-acknowledged mode and to be compliant with the principles used for lossless data transfer in UTRAN simplifying the inter RAT PS Handover GERAN ( UTRAN, the following enhancements and alternatives are proposed:

a) Modified operation for SNDCP

The SNDCP protocol is proposed to be modified to support a new or modified mode of operation where it operates with both N-PDU Send and Receive Sequence numbers combined with the LLC protocol operating in unacknowledged mode (As PDCP in UTRAN). Maintaining these sequence numbers are not affecting the peer-to-peer signalling of SNDCP. This means that the SNDCP protocol entities in the mobile station and in the network shall during user data transmission each maintain a Send and a Receive N-PDU Sequence number. In the network, also the GTP T-PDU uplink and downlink sequence numbers for each packet flow subject to lossless PS Handover shall be maintained. The SNDCP shall still make use of SN‑UNITDATA PDUs as per LLC unacknowledged mode. The source SGSN sends the Send and Receive N-PDU Sequence number and GTP T-PDU uplink and downlink sequence numbers in a “Forward SRNS Context” message to the target SGSN for each packet flow subject to lossless PS handover. The downlink N-PDU sequence number and the downlink GTP T-PDU numbers are provided along with each N-PDU forwarded from the source SGSN to the target SGSN. The target SGSN will use this N-PDU sequence number information to start a new SNDCP engine that maintains sequence number continuity with the old SNDCP engine used in the source SGSN (and thereby protect against data duplication).

b) Minimizing packet loss in the Downlink 

The downlink LLC data buffered in the source BSS that has not yet been sent to or acknowledged by the mobile station (at the RLC layer) at the point when the source BSS sends the PS Handover command to the MS, may be deleted and a status message (e.g. “BSS report”) is sent back to the source SGSN telling it how many LLC PDUs were deleted for each packet flow subject to lossless PS handover. This allows the source SGSN to determine which N-PDUs have not been sent to the MS (i.e. which whole N-PDUs have been acknowledged by the MS on RLC layer). 


The Send N-PDU Sequence Numbers determined by the source SGSN are then forwarded in a message (e.g. Forward SRNS Context) to the target SGSN so that downlink sequence number continuity is maintained across SGSNs. Upon MS arrival in the target cell the target SGSN can start transmitting the next downlink N-PDU expected by the MS for each packet flow subject to lossless PS handover. The MS can detect duplications of downlink N-PDUs since the sequence number used at the target SGSN is based on the sequence number used by source SGSN and it is included in the header of each N-PDU sent from the target SGSN to the MS.

c) Minimizing packet loss in the Uplink 
 

When the source BSS receives the PS Handover command from the source SGSN it will at some point stop acknowledging RLC packets in the uplink. After this occurs it will send a status message (e.g. BSS report) to the source SGSN indicating that no additional uplink LLC PDUs will be sent to source SGSN. The source SGSN can then determine the Receive N-PDU Sequence Numbers for all uplink packet flows subject to lossless PS handover and include them in a message (e.g. Forward SRNS Context) to the target SGSN so that uplink sequence number continuity is maintained across SGSNs.. After sending the status message to the source SGSN, the source BSS will send the PS Handover command to the MS.

The MS will start uplink transmission upon arrival in the target cell from what it thinks is the next uplink N-PDU that was not acknowledged by lower layers in the old cell. Using this solution the first N-PDU sent by the MS in the new cell may not correspond to the next uplink N-PDU expected by the target SGSN. However, since the N-PDU sequence number is included in the header of each SN‑UNITDATA PDU used to transmit each N-PDU the target SGSN will be able to remove any duplications.

4 Summary of the proposals and recommendation

For introduction of lossless PS Handover not requiring LLC to operate in acknowledged mode, the following working assumptions for lossless operation are proposed to be accepted by the GERAN #18 meeting and to be included in a next version of the PS Handover Technical Specification:

· the LLC shall be able to operate both in acknowledged and unacknowledged mode for services requiring lossless PS handover;

· For services requiring use of lossless PS Handover a new or modified mode is defined for SNDCP; In this mode

1. the SNDCP entities in the SGSN and in the MS shall always track the uplink  and downlink N-PDU sequence numbers as specified today for SNDCP AM ((i.e. similar to lossless PDCP operation in UTRAN);

2. the SNDCP entities in the SGSN shall always track uplink and downlink G-PDU sequence numbers associated with uplink and downlink N-PDUs as specified today for SNDCP AM (i.e. similar to lossless PDCP operation in UTRAN).


· the SNDCP entities in the SGSN and in the MS shall make use of SN‑UNITDATA PDUs as per SNDCP UM for N-PDU transport.


· A BSS Report is sent from the s-BSS to the s-SGSN to indicate the status of the DL send buffer and that no additional UL data is to be expected..


· When receiving the BSS Report the s-SGSN will support sequence number continuity across SGSNs by determining the following values for each packet flow subject to lossless PS handover and forwarding this information to the target SGSN in the Forward SRNS Context message:

- 
Downlink N-PDU Send Sequence Number for the next downlink N-PDU to be sent to the MS;


-

Downlink GTP-U Sequence Number for the next downlink GTP-U T-PDU to be relayed to the target SGSN;

-

Uplink N-PDU Receive Sequence Number for the next uplink N-PDU to be received from the MS;

-

Uplink GTP-U Sequence Number for the next uplink GTP-U T-PDU to be sent from the target SGSN to the GGSN.


· The not transmitted and the buffered N-PDUs are forwarded from source to target SGSN at earliest upon completion of the handover preparation phase and at latest when the Forward SRNS Context has been sent to the target SGSN.


· The SNDCP entities in the target SGSN will be required to support some degree of buffering of downlink N-PDUs. This is necessary as lossless operation requires that the target SGSN be made aware of the presence of the MS in the new cell before it can begin downlink transmission of packet data.


· The SNDCP/LLC entity in the target SGSN will be started and the N-PDU Receive Sequence Number and N-PDU Send Sequence Number will be adapted by SNDCP as received from source SGSN.


· The SNDCP entity in the MS will not be restarted. The MS will keep LLC/SNDCP entities in continuous operation over the cell change.
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