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Inconsistency in the FLUSH-LL procedure and associated charging issue
1. Introduction

During GERAN WG2 # 8 bis meeting, Alcatel had proposed a CR to 08.18 R’99 bringing a correction to the PFC transfer procedure upon cell change (G2-020326). The CR was later revised in GP-020970, GP-021071, and revision 3 of the CR (GP-021246) was finally approved in GERAN # 9. The original version of the CR in G2-020326 proposed that, when the BSS receives a FLUSH-LL PDU ordering the transfer of buffered LLC PDUs towards another cell, it can answer with a FLUSH-LL-ACK PDU optionally containing a PFC transfer result IE and a list of PFCs that could not be successfully transferred upon cell change, with indication of ABQPs that could be provided by the BSS for those PFCs in the new cell. This information could be used by the SGSN to modify those PFCs (starting from the ABQPs proposed by the BSS) and to resume transfer of downlink LLC PDUs for those PFCs only after the modifications; for the other PFCs (those that were successfully transferred at cell change), the SGSN could resume transfer of downlink LLC PDUs as soon as the FLUSH-LL-ACK was received. However, some companies opposed the inclusion of the list of not successfully transferred PFCs and proposed ABQPs based on the fact that the already existing MODIFY-BSS-PFC procedure could be used instead. After lengthy discussions, a compromise was finally found (GP-021246) whereby only the PFC transfer result IE was optionally added in the FLUSH-LL-ACK.

However, at the time the CR was approved, it was not realised that inclusion of the PFC transfer result IE alone in the FLUSH-LL-ACK basically made the correction inoperative; this is because, based on this sole information, the SGSN does not know for which PFCs the transfer of downlink LLC PDUs can be resumed immediately, and for which PFCs it has to wait for the MODIFY-BSS-PFC procedure before resuming transfer.

This inconsistency was realised lately by Nokia, and this was the reason for the joint Alcatel and Nokia CR in G2-030317 during GERAN WG2 # 14 bis meeting, reintroducing the list of not successfully transferred PFCs in the FLUSH-LL-ACK PDU. However, the CR was postponed because some companies felt that more discussions were needed.

Discussions have taken place since the GERAN WG2 # 14bis meeting between interested companies and the outcome of these discussions can be summarised as follows:

· there is indeed an inconsistency in 08.18 due to the fact that the PFC transfer result IE cannot be used by the SGSN;

· this inconsistency can be solved in one of two ways:

· either by removing the PFC transfer result IE from the FLUSH-LL-ACK PDU (back to the situation before the Alcatel CR in WG2 # 8 bis meeting);

· or by including the list of PFCs that could not be successfully transferred at cell change in the FLUSH-LL-ACK PDU.

The two solutions have been considered in some detail. It was noted that, if the PFC transfer result IE is removed from the FLUSH-LL-ACK PDU, then the SGSN will resume transfer for all PFCs immediately after it receives the FLUSH-ACK-PDU. Upon reception of these PDUs, the BSS will most probably send them with a best effort QoS (note: this is not totally specified today, 08.18 only says that best effort is used as fall-back whenever the PFC is unknown to the BSS), or it will use a reduced QoS corresponding to the ABQP it can actually provide in the new cell. In both cases, this was seen by the companies during the discussions as probably acceptable for the applications, because 1) for streaming applications, there is a buffer in the mobile station which can probably cope with the corresponding throughput reduction if it does not last too long and 2) for conversational services, the likely outcome of the unsuccessful PFC transfer will be deletion of the PFC anyway and service interruption.

However, during the discussions, Alcatel noted that, if this solution to solve the existing inconsistency in 08.18 is chosen (i.e., removal of the PFC transfer result) then there is a charging issue in the SGSN when some PFCs are not successfully transferred at cell change. The issue is described in the next section 2. Section 3 shows that the charging issue cannot be solved by usage of the DELETE-BSS-PFC procedure, as suggested by some companies during the discussion. Section 4 shows that the charging issue is solved by keeping the PFC transfer result IE in the FLUSH-LL-ACK-PDU and by adding the list of not successfully transferred PFCs in the PDU.

2. Description of the charging issue

At the end of the FLUSH-LL procedure, if the new cell cannot support the ABQP for one or several of the PFCs which are transferred from the old cell, the BSS will most probably transfer the LLC PDUs it receives from the SGSN for these PFCs using the default best-effort QoS. In parallel the BSS renegotiates with the SGSN the PFCs QoS parameters using the MODIFY procedure. This situation will last until the BSS receives a MODIFY-BSS-PFC-ACK PDU.

During the transient period corresponding to the time interval where the ABQP is renegotiated, the SGSN has no knowledge of what the QoS parameters are. If the PFC transfer result IE is not included in the FLUSH-LL-ACK-PDU, the SGSN is not even aware that something went wrong during the cell change, and therefore the SGSN will continue charging the end user based on the ABQPs that were achieved in the old cell. If, for example, charging is based on throughput, then the SGSN will continue charging the end user for the throughput it was granted in the old cell even though the BSS now sends the PDUs in the new cell with best effort QoS with no guaranteed throughput.

3. The DELETE-BSS-PFC procedure does not allow to solve properly the charging issue

During the discussions, some companies said that it might be possible to use the DELETE-BSS-PFC procedure in order to solve the above mentioned charging issue. The idea is that the BSS informs the SGSN of the list of PFCs that could not be successfully transferred by sending a DELETE-BSS-PFC-REQ PDU for each of the PFCs for which the ABQP cannot be supported. The SGSN stops sending (and therefore charging for) downlink LLC PDUs for the corresponding PFC when it receives the DELETE-BSS-PFC-REQ PDU, and it resumes sending (and therefore charging for) downlink LLC PDUs after the ABQP has been renegotiated, when it receives the CREATE-BSS-PFC-ACK PDU.

Alcatel considers that this does not solve the charging issue correctly. First (and most important), the downlink LLC PDUs that the SGSN may send in the time interval between reception of the FLUSH-LL-ACK and reception of the DELETE-BSS-PFC-REQ will be erroneously charged (according to the ABQP that was granted in the old cell). See Figure 1. Second, the SGSN has little if any possibility to modify the PFC after it has received the DELETE-BSS-PFC-REQ (via the CREATE-BSS-PFC procedure), because this DELETE-BSS-PFC-REQ does not contain a proposal by the BSS for an ABQP to be used in the new cell.
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Figure 1

3. Proposed solution to the charging issue: the list of not successfully transferred PFCs is provided via the FLUSH-LL-ACK PDU

This solution corresponds to the change proposed in the Nokia/Alcatel R99 CR A142 on 08.18 (G2-030317).

In this solution the list of PFCs for which the ABQP cannot be transferred is provided by the BSS to the SGSN in the FLUSH-LL-ACK PDU. The SGSN may use this information to stop sending downlink LLC PDUs and charging the end user for those PFCs. The SGSN will resume sending downlink LLC PDUs and charging the end user as soon as it sends the MODIFY-BSS-PFC-ACK to the BSS, i.e. as soon as a new ABQP has been renegotiated.

This solution provides the SGSN with the tools to charge accurately the end user for the service it has requested. 

An improvement to this solution could be to include also in the FLUSH-LL-ACK PDU the list of ABQPs that could be offered for the PFCs which have not been successfully transferred. This would avoid that the BSS has to send several MODIFY-BSS-PFC PDUs to renegotiate the ABQPs.

4. Conclusion

Alcatel consider that the cleanest solution to solve the charging problem is to include the "List of PFCs" IE as proposed in the Nokia/Alcatel CR during the WG2 # 14 bis meeting.

However, the discussing companies have proposed that the charging issue is presented to the operators; if they do not consider the issue as important, Alcatel and the other discussing companies would be ready to accept solving the inconsistency in 08.18 by removing the PFC transfer result from the FLUSH-LL-ACK PDU.

If, on the contrary, charging is seen as an issue by the operators, Alcatel believes that the PFC transfer result IE should be kept within the FLUSH-LL-ACK-PDU and that the list of not successfully transferred PFCs should be added to the FLUSH-LL-ACK-PDU as proposed in G2-030317.
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