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Introduction

Considering the scenario where DTCH is connected to DCH and DSCH simultaneously and unacknowledged mode data transfer is applied between two RLC peer entities. In those cases it is possible that PDUs can arrive out-of-sequence at the RLC receiver, despite being submitted in the right order. If PDUs are received out of order, the RLC UM receiver assumes that PDUs were lost during transmission and discards the missing PDUs. As a result, all SDUs which have segments in the missing PDUs are immediately discarded, despite those PDUs will arrive shortly afterwards. Even worse, out-off-sequence PDUs arriving later may cause correctly received PDUs to be discarded due to modulo calculation and miss-interpretation of the associated sequence numbers. Because the current system is not tolerant to out-of-sequence reception in UM RLC although the problem meight occur regularly (because it is a systematic problem, not an error case) the data transfer in this mode is less efficient and may cause unnecessary high number of lost packets or retransmissions on higher layers.

There are two similar basic solutions to the above mentioned problems:

Solution 1:

Starting a timer for each missing PDU when the PDUs is detected to be missing, the timer is stopped when the PDU arrives. When the timer expires the related PDU is discarded by the receiver. The reassembly of received PDUs in the RLC UM entity is postponed until all earlier PDUs have either been successfully received or discarded. 

Solution 2:

A sliding receive window is defined. The upper limit is defined by the SN of the received PDU with the highest SN that was received in-sequence (i.e. not detected to be missing before). The size of the window can be configured by RRC or fixed or it is derved from the currently used TF or TFS in MAC. The window is updated whenever an in-sequence PDU is received. PDUs detected to be missing are discarded when they are outside of the sliding window. Again, reassembly of received PDUs is postponed until all PDUs with smaller SN have been successfully received or discarded.

In both solutions it would be necessary to introduce a buffer in RLC UM the size of which could be calculated by

· solution 1:
(timer value (in units of TTIs) * max. TFS sizes)

· solution 2:
(window size * max PDU size (from TFSs))

Advantages of solution 1 (timer based):

· For the case of DTCH mapped to DCH and DSCH simultaneously the maximum expected out-of-sequence arrival time can be estimated quite exactly (depending on the TTI difference of DCH and DSCH).

· The maximum delay caused by the mechanism can be configured exactly.

Drawbacks of solution 1 (timer based):

· One timer for every missing PDU is needed.

· To distinguish between received in-sequence PDUs and missing PDUs a sliding window has to be defined in the receiver additionally.

· The number of PDUs to be stored can not easily be calculated in advance.

Advantages of solution 2 (window based):

· The mechanism is only based on SN calculations.

Drawbacks of solution 2 (window based):

· The maximum expected SN difference between out-of-sequence PDUs is hard to estimate. It may depend on the selected TF and may be chosed too large (causes unnecessary high delay) or too small (causes out-of-sequence PDUs to be discarded). 

· Reassambly of newly received PDUs always depends on reception of missing PDUs, so the delay caused by the mechanism can not be influenced, it may even be infinite (at the end of transmission).

Proposal:

Due to their drawbacks solutions 1 and 2 alone do not solve the shown problem. 

A combination of solutions 1 and 2 is a possible way to solve the problem. On RRC level two parameters would have to be introduced: A timer and a window size. Additionally the UE memory capabilities for RLC UM would have to be signalled in the UE capability information.

The timer value could be given in units of TTIs and possible values would thus be 0ms, 10ms, ..., 80ms. The window size would have a value range similar to the SN (1..128). The default values of both parameters could be 0ms and 128, which would define the current UM-RLC mechanisms as default. The window size could also be estimated from the current TFS or TF in MAC, but this would have to be further investigated.

This approach would give UTRAN flexible means to configure UM RLC according to the estimated maximum  out-of-sequence distance (in arrival time and number of packets). This approach could also be flexible enough to cope with dublications and out-of-sequence delivery coming from e.g. IP-based UTRAN in Rel-4.

It is proposed to discuss the above mechanisms and decide on they usability in RLC for Rel 99.

