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1 Introduction

LTE will provide data rates between ~100 kbps and ~100 MBps on the radio interface. Consequently, also the time required to transmit a certain amount of data varies significantly (transmission delay for 1 MByte: 80 seconds @ 100 kbps, 0.08 s @ 100 MBit). 
In this paper we therefore propose to define an Active Queue Management algorithm and corresponding RRC configurable parameters in the LTE UE. The purpose of such an AQM mechanism is to control the size of the (IP) queue and corresponding queuing delays. AQM achieves this by actively dropping packets and forcing higher layer protocols such as TCP to reduce their send rate. 
2 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 L2 transmitter should maintain a reasonable queue size in order to provide reasonable queuing delays and responsiveness. 

The algorithm should only drop those 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 detect the loss (drop) and consequently not trigger the missing PDU detection mechanism. Also SDU delivery to higher layers is not delayed. 
Preferably, AQM should also be applied on PDCP SDUs, i.e., prior to RoHC and Ciphering so that AQM drops are not visible for these functions either. However, as long as AQM does not drop too many consecutive packets it may also be applied to PDCP PDUs.

In any case, higher layer protocols such as TCP or RTP will detect losses and react accordingly, i.e., lower their send rate and thereby cause a reduction of the queue size and of the queuing delay.
In RLC for UTRAN ‎[1], section 9.7.3) the SDU Discard Procedure is intended to avoid excessive buffering of RLC SDUs in the RLC transmitter in order to reduce the end-to-end latency and to improve performance. The timer based SDU Discard mechanism without explicit signaling as defined in ‎[1] for RLC UM provides basic means for an AQM mechanism. It starts a timer for each higher layer SDU entering the RLC entity and discards the SDU when the timer expires. We suggest to define a similar mechanism for LTE and propose to place it at the upper edge of the L2 protocol stack, i.e., in PDCP. The advantage of a timer based mechanism is that the parameters are almost independent of the actual data rate and therefore easy to configure.
Based on the discussion above, we propose following

Proposal 1: We propose that AQM mechanism should be specified for LTE
Proposal 2: The queuing is modeled in PDCP, and correspondingly the AQM mechanism is located in the PDCP layer
Proposal 3: The AQM mechanism is based on discard timer
3 Conclusion
In this document we propose to specify a timer based AQM mechanism for the LTE UE to 

· actively control the size of the SDU buffer

· achieve reasonable queuing delays 

· provide responsiveness among multiple data flows from the same UE

· avoid transmission of outdated information. 

The particular advantage of a timer based mechanism is that the AQM parameters do not need to be adapted to the instantaneous data rate so that no further signaling after bearer setup is required. A small set of AQM parameters should be configurable via RRC signaling. 

In particular, we propose

Proposal 1: We propose that AQM mechanism should be specified for LTE
Proposal 2: The queuing is modeled in PDCP, and correspondingly the AQM mechanism is located in the PDCP layer
Proposal 3: The AQM mechanism is based on discard timer
A text proposal for the stage 2 description ‎[2] is provided in section ‎4.
4 Text Proposal

We propose to add the following text to ‎[2].
6.3
PDCP Sublayer

This subclause provides an overview on services, functions and PDU structure provided by the PDCP sublayer.

6.3.1
Services and Functions

The main services and functions of the PDCP sublayer include:

-
Header compression and decompression: ROHC only;

-
Transfer of user data: transmission of user data means that PDCP receives PDCP SDU from the NAS and forwards it to the RLC layer and vice versa;

-
In-sequence delivery of upper layer PDUs at HO;

-
Duplicate detection of lower layer SDUs;

-
Ciphering of user plane data and control plane data;
-
Active Queue Management to control the amount of buffered upper layer PDUs and the resulting queuing delay
NOTE:
When compared to UTRAN, the lossless DL RLC PDU size change is not required.
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