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1.
Introduction
In Rel-99 based systems the need to change the RLC PDU size has not been very large. The PDU size of 320 bit used for Interactive/Background bearers using AM RLC provides sufficient performance. For HS-DSCH the situation is different. There are reasons to have a different (larger) RLC PDU size for HS-DSCH bearers. One reason for this is that the maximum throughput that can be achieved on HS-DSCH is limited by the RLC PDU size, the round trip time in the system and the RLC window size. With a RLC window size of 2047 and a round trip time of 100-150 ms it is only possible to achieve a throughput of 4.4-6.5 Mbit/s with 320 bit PDU size. The maximum throughput is proportional to the PDU size and it would therefore be desirable to use a larger PDU size for HS-DSCH. 

Still, it is desirable to keep the PDU size of 320 bit for DCH and thus the PDU size needs to be reconfigured when switching between DCH and HS-DSCH. In this paper we highlight some issues with the re-establishment that takes place when the RLC PDU size is changed and propose an improved handling of the re-establishment. There are also some issues related to how the UE can derive the RLC PDU size in DL, as discussed in [1]. Those issues are not addresses in this paper. 

2.
Current specification text

When the AM RLC PDU size is changed the RLC entity in the UE is re-established. At re-establishment it is specified that all RLC PDUs in the transmitter and receiver buffer shall be discarded. Assuming that the downlink RLC PDU size is changed, this will lead to data loss in the following cases:

1) If some RLC PDUs are present in the uplink transmitter buffer they will be discarded (even if the uplink RLC PDU size is not modified) and the corresponding  SDUs will be lost. Note if the RLC specification is followed this means that all data available in uplink will be discarded since an SDU is specified to be segmented to PDUs as soon as it is received in RLC.

2) If some SDUs have been transmitted in downlink but they have not yet been acknowledged they will be lost. UTRAN can not retransmit these SDUs after the re-establishment since it can lead to duplicate reception of the SDUs.

4.
Potential Improvements

In this section we outline proposals to improve the functionality related to RLC PDU size change and in particular the RLC re-establishment function. A simple change is proposed for Rel-5 and a more ambitious solution aiming at lossless PDU size change is proposed for Rel-6.
4.1
Improvements for Rel-5

For Rel-5 it is proposed to align the behavior at RLC re-establishment with the functionality at RLC reset. This means two things:

1) Instead of discarding all PDUs at the transmitter side, only the SDUs that have been completely transmitted are discarded. This means that most of the SDUs in the transmitter buffer are resegmented with the new RLC PDU size and transmitted after the re-establishment. Note that the SDUs that have been completely transmitted should not be transmitted after the re-establishment since this can cause duplicate reception in the peer entity.

2) Instead of re-establishing both the transmitter and receiver side when the uplink or downlink PDU size is changed, it is proposed to only re-establish the side for which the PDU size is actually changed. In the HS-DSCH case where the downlink PDU size is changed this implies that there is no data loss in the uplink. There may however still be some data loss in the downlink.
4.2
Improvements for Rel-6

For Rel-6 it is proposed to introduce a solution for lossless PDU size change, or more specifically, lossless RLC re-establishment. This can be done with the use of PDCP sequence numbers in a similar way as used at lossless SRNS relocation. 
In summary this would work as follows: An RLC entity numbers each transmitted SDU and each received SDU. When the RNC requests a re-establishment (through a reconfiguration message) it indicates which SDU that it expects after the re-establishment by including a PDCP SN in the message.

The UE knows from the received PDCP SN from which SDU the transmission should start after the re-establishment

In the uplink the behavior is similar: The UE includes in the reconfiguration complete message the SDU number that it expects to be received after the re-establishment and the same steps as for the downlink are performed.

The mechanism is illustrated with an example in the Figure below:
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Figure 1 Example of the lossless operation. Shaded boxes represent PDUs that are transmitted/received and white boxes are not yet transmitted/received PDUs

In the example, PDUs 10 to 17 have been transmitted in downlink. Out of the transmitted PDUs, PDU 13 has not been received. The transmitter has received acknowledgements for PDUs up to and including PDU 9. Since the receiver has received all PDUs containing segments of SDU4 (PDU 10-12), SDU 4 has been delivered to higher layers.

At this point the RNC sends an RRC reconfiguration message to change the RLC PDU size. The message contains a PDCP SN that is used to control the uplink transmission after the re-establishment (not shown in this example). In the RRC reconfiguration complete message the UE sets the PDCP SN to 5

After the re-establishment the RNC resegments SDUs 5 and onwards into PDUs with the new PDU size with RLC sequence numbers starting from zero. The RNC knows from the received PDCP SN that SDU 4 has been received in the UE and therefore it does not retransmit this SDU.

With current specifications, the RNC has no way of knowing which of the SDUs 4-6 that should be transmitted after the re-establishment and therefore either has to retransmit all of them (leading to duplicate reception) or discard all of them (leading to data loss).

Note 1:  The RRC signaling is not affected by the proposal since PDCP SNs can be included in the RRC Reconfiguration messages (e.g. RADIO BEARER RECONFIGURATION and RADIO BEARER RECONFIGURATION COMPLETE) intended for SRNS relocation.

Note 2: In case in-sequence-delivery is not configured, SDU 6 may also have been delivered to higher layers at the time of the re-establishment since it is completely received. In this case, the UE would simply discard this SDU upon reception after the re-establishment.

6. Discussion and Proposal

It is proposed to align the specification of the RLC re-establishment procedure with the behavior for the RLC reset procedure in Rel-5 and thereby reduce the data loss at RLC PDU size change. With this change it would be feasible to change the PDU size when switching between DCH and HS-DSCH even if this may cause some data loss. It should be noted that a UE that only discards transmitted SDUs (instead of all available PDUs) would also have better performance in a Rel-99 network so it could be discussed if this should be allowed also for a R'99 UE.

In Rel-6 it should be considered to introduce a lossless RLC re-establishment according to the description in section 4.2. This would make it possible to modify the RLC PDU size change without data loss at all. Current RRC signaling already supports this functionality so no new IEs need to be introduced. The solution could however only be used for UEs that support lossless SRNS relocation which is currently optional.
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