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1 Introduction

Section 5.3 of the current version of the RLC Stage 3 Specification ‎[1] indicates that an SDU Discard Procedure shall be specified for LTE RLC and that it shall be triggered by an SDU discard timer. Any details are for further study. 
In RLC for UTRAN ‎[2] the SDU Discard Procedure is intended to be used to
a) Avoid excessive buffering of RLC SDUs in the RLC transmitter in order to reduce the end-to-end latency and to improve performance and to 

b) Avoid protocol stalling and ensure stable protocol operation by discarding pending AMD PDUs and corresponding SDUs from the RLC ARQ window.

In this document we propose to decouple these two functions and to confine SDU Discard in LTE RLC to the former task for both RLC AM and RLC UM. Avoidance of protocol stalling (b) should be handled and specified as part of the RLC protocol operation. Our proposal for the latter can be found in‎[3].
2 Background
In WCDMA, SDU Discard provides means to remove RLC SDUs and the corresponding RLC PDUs from the buffer in the RLC transmitter. It applies to new SDUs, i.e., to those that have not yet been transmitted. In acknowledged mode the RLC transmitter must furthermore use a “Move Receiver Window” (MRW) message to force the receiving peer to advance its lower window edge up to the given RLC sequence number and thereby discard SDUs that have, at least partly, been transmitted to lower layers. 

In general, SDU Discard results in the loss of one or more RLC SDUs but ensures that consecutive SDUs are delivered in time and that outdated packets don’t consume transmission resource.

We think that the removal of not yet transmitted RLC SDUs is particularly useful and that it can be seen as a mechanism to actively control the size of the queue and thereby to limit the queuing delay. On the other hand, the combination with the MRW mechanism turned out not to be very useful as it bears a risk of repeatedly discarding parts of SDUs that have at least partly been transmitted, i.e., consumed transmission resources. 

3 Discussion

Active Queue Management (AQM) is a well known mechanism applied in network equipment such as routers and modems. Its task is to maintain reasonable queue sizes and thereby to ensure low end-to-end delays. It is a pure sender side function that bases its dropping decision e.g. on the size of a queue or on the age of the queued packets. Knowledge about the type of queued packets can be used for optimizations but is not a stringent requirement. 

We think that also an LTE PDCP/RLC transmitter should ensure that the queue of not yet transmitted higher layer (IP) packets stays at a reasonable level by actively dropping packets that have not yet entered the RLC window, i.e., SDUs that have not yet been assigned RLC sequence numbers. As a consequence the RLC receiver cannot even detect the loss (drop) and consequently not trigger the missing PDU detection mechanism. Also SDU delivery to higher layers is not delayed. Higher layer protocols such as TCP or RTP will however detect losses and react accordingly, i.e., lower their send rate. 
The timer based SDU Discard mechanism without explicit signaling as defined in ‎[2] for RLC UM provides basic means for such an AQM mechanism. According to the specification it does not affect such SDUs that entered already the RLC Window, i.e., those SDUs that have partly or entirely been segmented and transmitted. 
We propose that the same mechanism with this restriction should also apply to the RLC SDU Discard procedure for RLC AM. 
Proposal 1: A timer based SDU Discard mechanism can be configured for LTE RLC transmitters in acknowledged and unacknowledged mode.

Proposal 2: The SDU Discard mechanism for LTE RLC may only be applied to RLC SDUs that have not yet been prepared for transmission, i.e., for which no sequence number was assigned yet. 
4 Text Proposal

We propose to add the following text to section 5.3 in ‎[1].
5.3
SDU Discard Procedures

Editor’s note: Whether SDU discard procedures are applicable to TM data transfer, UM data transfer and/or AM data transfer is FFS.

Triggers to initiate SDU discard include:

-
SDU discard timer expiry.

Editor’s note: It is intended to specify details regarding SDU discard triggers (including the need for more triggers than those indicated above), actions at SDU discard and necessary signalling between peer RLC entities for SDU discard (it is FFS if this is needed) in this section.
The SDU discard function is used by the Sender to control the size of the queue and to ensure reasonable queuing delays. It is also intended to avoid transmission of outdated SDUs and to actively trigger congestion avoidance mechanisms of higher layer protocols such as TCP. Ultimately, the SDU discard function allows avoiding buffer overflow. 

The SDU discard procedure is timer based, i.e., it discards SDUs from the Sender’s SDU buffer when their associated timer (Timer_SDU_Discard) expires. This makes the SDU discard function insensitive to variations in the channel rate and provides means for exact definition of maximum delay. However, the SDU loss rate of the connection increases when SDUs are discarded.
The procedure may only discard SDUs that have not yet been forwarded to lower layers. This implies that SDUs of which one or more bytes have been sent to the RLC Receiver must not be discarded. This allows discarding SDUs autonomously in the Sender. The RLC Receiver does not need to be notified and it will not even recognize that an SDU was discarded.
SDU Discard is applicable to RLC entities operating in acknowledged or unacknowledged mode. It is for further study if SDU Discard is applicable to RLC entities operating in transparent mode.
For every RLC SDU received from upper layers, the Sender shall start a timer Timer_SDU_Discard.
The Timer_SDU_Discard must be stopped, when removing the according SDU from the SDU buffer.

When the timer Timer_SDU_Discard of a SDU expires, the Sender shall:

-
if the SDU has not yet been prepared for transmission, i.e., no RLC sequence number assigned

-
discard the SDU;

5 Conclusion
In this document we propose a timer based SDU Discard procedure for LTE RLC to actively control the size of the SDU buffer and thereby to achieve reasonable queuing delays and to avoid transmission of outdated information. Unlike SDU Discard in UTRAN RLC ‎[2],  we propose not to discard SDUs that have partly or entirely been transmitted, i.e., assigned an RLC sequence number and forwarded to lower layers. This allows discarding SDUs autonomously in the Sender. The RLC Receiver does not need to be notified and it will not even recognize that an SDU was discarded. 
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