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Drafting on loss-less relocation and PDCP sequence number usage

Summary

The drafting started with defining what a “loss-less relocation” is. Based on this definition the current 23.060 procedures for SRNS relocation, hard handover and intersystem change were checked to identify inconsistencies or problems of these procedures when applying the definition of “loss-less relocation”. Finally, the interworking cases for changing between Iu mode and Gb mode and between Iu mode and Iu mode were evaluated under the conditions of loss-less is supported or not.

The problems identified for the procedures and for the interworking cases are described in this document.

Some companies (Nokia, Motorola) indicated they will provide the CR(s) for 23.060 to solve the problems identified in the drafting session.

Definition of “loss-less relocation”

Starting from the Gb mode GPRS mechanism, which always performs a loss-less change of the radio link when the LLC is in acknowledged mode it was clarified, that the acknowledged RLC mode is not suitable to define loss-less for the Iu mode. “Loss-less relocation” is an option and the acknowledged RLC mode may also be used without this option. Also the forwarding of packets between SGSNs and/or RNCs is not suited to derive the condition of a “loss-less relocation” as the forwarding may also be used without “loss-less relocation”, e.g. packets may also be forwarded if a higher packet loss probability is indicated in the QoS profile.

Loss-less relocation is a relocation , which additionally involves the following steps:

· the MS and the RNC assign PDCP sequence numbers to N-PDUs  which are transferred via the radio interface
· when the SRNC changes the old RNC forwards the N-PDUs with the assigned PDCP sequence numbering to the new RNC
· via the new radio link, the MS indicates  the PDCP sequence number of next expected downlink N-PDU to the new RNC and the new RNC indicates the PDCP sequence number of next expected uplink N-PDU to the MS
· these PDCP numbers indicate to the MS or to the new RNC, respectively, which of the packets with assigned PDCP sequence numbers were successfully transferred via the old radio link (acknowledged by this mechanism) and shall be discarded and which of the packets with assigned PDCP sequence numbers have to be re-transmitted via the new radio link
The specifics of the “loss-less relocation” have to be interworked in the intersystem change procedures according to the functionality described above (details are discussed below).

Further clarification is needed whether N-PDU sequence numbering is reset after the relocation is completed or not (PDCP specification TS 25.323).

The “loss-less relocation” prevents loss or duplication of packets caused by relocations or handovers. The usage of “loss-less relocation” is implementation dependent and decided by the SGSN from QoS parameters like low packet loss and/or delivery order required for the related PDP context. Furthermore, its provision depends on the capabilities of the MS and the RNC.

Of course, “loss-less relocation” is only useful in combination with RLC operating in acknowledged mode and with packet forwarding between RNCs, but it is not possible to derive the requirement for a “loss-less relocation” from acknowledged RLC mode or from usage of packet forwarding because of the reasons given above.

The following sections summarise the identified issues and initial solutions for the alignment of the relocation, handover and intersystem change procedures with the agreed definition given above. These sections identify required changes for some procedures in TS 23.060 and show for other procedures of this TS, that no changes are needed. However, the list of required adaptations may not be exhaustive. 

Inconsistencies of the relocation, handover or inter system change procedures

In almost all occurrences in the relocation and handover procedures the conditions for the handling of the PDCP sequence numbers are given according to the use of RLC in acknowledged or unacknowledged mode. This has to be changed to the condition of  “loss-less relocation”. 

Also, it has to be clarified in these procedures where the PDCP numbers are not used if “loss-less relocation” is not applied (not generated at originating side or not analysed at receiving side).

For the case when “loss-less relocation” is not supported, the current description does not work. Clarifications are needed for situations when the originating side does not support it and when the terminating side does not support this. 

The description in which packets are acknowledged by the loss-less mechanism is wrong (packets transferred before SRNC change are acknowledged and not only those transferred before the start of the procedure).

In the intersystem change procedures in one case the handling of “loss-less relocation” is mentioned together with “acknowledged mode” and in three other cases not mentioned at all. The handling for “loss-less relocation” used or not used in Iu mode at intersystem change needs clarification.

In addition inconsistent requirements are given for the different intersystem change cases whether packets have to be buffered in the RNC or not. 

Examples of cases which may cause problems at  relocation or intersystem change when “loss-less relocation” is supported or not

In the following only the cases with SGSN change are evaluated. The intra SGSN cases can be derived from these inter SGSN cases.

“Not loss-less” in the following means that “loss-less relocation” is not requested by the SGSN or not supported by the MS or by the RNC, i.e. the mechanism described in the definition for “loss-less relocation” is not applied.

In the following, “Gb mode (ackn LLC)”denotes the loss-less mechanism which is always provided in GPRS if the LLC operates in acknowledged mode, i.e. N-PDU numbers are assigned to packets and the N-PDU counter status is exchanged when the radio link changes.

The forwarded GTP packets only may cause problems if they contain a PDCP/N-PDU number.

Therefore only the interworking of such packets are looked upon below. Forwarded packets without PDCP/N-PDU number cause no problems.

Intersystem change from Iu mode (not loss-less) to Gb mode (ackn LLC)

In this case the RNC and the MS assign no PDCP numbers and no packets provided with PDCP numbers are sent back from the RNC to the SGSN. The old SGSN receives no PDCP numbers from the RNC but has to transfer PDCP (N-PDU) numbers in the PDP context to the new SGSN. These numbers are exchanged by the new SGSN with the MS via the new radio link. The MS shall ignore any N-PDU numbers received for each PDP context changed from Iu mode (not loss-less) to Gb mode (ackn LLC). Further clarification is needed on whether the SNDCP is initiated with the old PDCP (N-PDU) counter numbers or reset after such an intersystem change. If the SNDCP is to be initiated with the PDCP sequence numbers additional interworking for generation of proper numbers is required.

Intersystem change from Gb mode (ackn LLC) to Iu mode (not loss-less) 

In this case packets provided with N-PDU numbers might be forwarded from the old SGSN to the new SGSN and then to the RNC or such packets are buffered in the MS. These packets may have been sent already via the old radio link and are not yet acknowledged. In this case it is implementation dependent how MS and RNC handle these packets, they may discard or transmit these packets, e.g. according to the QoS profile. Minor clarification may be added to specifications if the MS and the RNC do not exchange the PDCP sequence numbers when the Iu mode is established in case loss-less relocation is not supported. 

Intersystem change from Gb mode (ackn LLC) to Iu mode (loss-less) 

In this case the conversion between PDCP numbers and N-PDU numbers in contexts, messages and forwarded packets according to the current description should provide all necessary functionality. No changes/updates are identified.

Intersystem change from Iu mode (loss-less) to Gb mode (ackn LLC)

In this case the conversion between PDCP numbers and N-PDU numbers in contexts, messages and forwarded packets according to the current description should provide all necessary functionality. No changes/updates are identified.

Intrasystem change from Iu mode (loss-less) to Iu mode (not loss-less)

In this case packets provided with N-PDU numbers might be forwarded from the old RNC to the new RNC or buffered in the MS. These packets may have been sent already via the old radio link and are not yet acknowledged. In this case it is implementation dependent how MS and RNC handle these packets, they may discard or transmit these packets, e.g. according to the QoS profile.

If the new RNC receives any PDCP (N-PDU) number, e.g. when the new SGSN requests “loss-less relocation” and the new RNC does not support this, it shall ignore these numbers.  

Intrasystem change from Iu mode (not loss-less) to Iu mode (loss-less)

In this case no packets provided with N-PDU numbers will be forwarded from the old RNC to the new RNC or buffered in the MS. Therefore, no decision on packet discarding or transfer based PDCP numbers has to be made be the new RNC or the MS. If any PDCP numbers are exchanged via the new radio link these should be ignored.

