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Introduction

During the RAN2#19 meeting the issue of out-of-sequence reception in UM RLC has been discussed [1]. It was shown that problems may occur when a DTCH is mapped on DCH and DSCH simultaneously because the current system is not tolerant to out-of-sequence reception in this mode of operation. The major drawbacks in this case are listed below:

· If out-of-sequence delivery occures, the receiver assumes that the missing PDUs are lost. All SDUs which have segments in the missing PDUs are immediately discarded.

· Late arrival of out-of-sequence PDUs can cause the discard of correctly received PDUs due to a misinterpretation of the modulo calculated sequence numbers.

Thus, transmissions using RLC-UM in combination with simultaneous mapping to DCH and DSCH may be less efficient and may cause unnecessary high number of lost packets or retransmissions on higher layers.

Further, out-of-sequence reception may also occur regularly with HSDPA, because the HARQ mechanism may cause retransmissions and it does not provide in-sequence delivery [2]. 

Proposed Solution

During the RAN2#19 meeting two different solutions for the out-of-sequence reception problem in unacknowledged mode have been presented [1]. Due to advantages of both of the solutions a combination is proposed to solve this problem. Therefore a combined timer and window based approach shall be applied. 

A timer Receiver_Discard will be started for each PDU detected to be missing. Upon expiry of the timer all SDUs that have segments in the missing PDU are discarded. On reception of PDUs with SN higher than the SN of PDUs detected to be missing, the reassembly process is postponed until all missing PDU with lower SN have been successfully received or discarded. 
Additionally a sliding receive window mechanism will be needed to define a range of sequence numbers where PDUs are interpreted to be late arriving PDUs that were missing before whereas PDUs outside the window are interpreted as in-sequence PDUs. For this purpose the window (upper bound) is updated according to the highest SN of the in-sequence PDUs which has been successfully received VR(H). When PDUs are detected to be missing they will be discarded if they are outside the sliding receive window (lower bound). The size of the window should be configured by RRC either by explicit RRC signalling or implicitely derived from the TFS of the Transport Channel the entity is mapped on.
Impact on Specification

It is proposed to incorporate this method into Rel. 4 RLC specification in order to correct the discard function in unacknowledged mode. The following changes would be needed:

1. 25.322 (RLC)

· Introduce a new timer: Timer_Receiver_Discard
The value of the timer (multiple of a TTI) should be signalled by RRC.

· Define a receive window for UM
- Use currently defined variable: VR(H)
- The size of the receive window can be signalled by RRC.

· Extend unackwowledged mode data transfer procedure
- Update chapter: Reception of UMD PDU
- Insert new chapters for abnormal cases:  missing PDU outside the sliding receive window, Timer_Receiver_Discard timeout

2.
25.331 (RRC)
, 
· Radio Acces Capabilities must be updated
· the timer value and window size (tbc) are negotiated by RRC and configured into RLC

3.
25.306 (UE Radio Access Capabilities)
In general the proposed solution should be an optional feature for Rel 4 UEs. In the radio access capabilities it should be signalled whether a UE supports this feature or not.

For the proposed method it would be necessary to introduce a buffer in RLC UM the size of which is calculated by following  formular: 
· 
· 
buffer size = max {
timer value (in units of TTIs) * max. Tranport Block Set size (from TFS), 
window size * max PDU size (from TFS) }
The total RLC UM buffer size should be signalled by RRC in the UE radio access capability information and should therefore also be introduced to TS 25.306. A UE indicating a max. UM-RLC buffer size of zero does not support this method.
Conclusion

In this document a solution for the problem of out-of-sequence reception in UM RLC has been presented. A timer and window based solution on the receiver side have been proposed for Rel 4. This solution requires additional buffer in UM RLC for all UEs supporting this method. The UE capabilities could indicate those UEs which don’t support this method due to a lack of buffer. If there is an agreement to solve this problem with the method proposed the necessary CRs will be provided for the RAN2#21 meeting.
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