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1 Introduction

Section 5.3 of the LTE RLC Stage 3 Specification ‎[4] states that an SDU Discard Procedure shall be specified for RLC, and a discard is triggered using an SDU discard timer. Other details are still FFS.
In RLC for UTRAN ‎[1], section 9.7.3, the intent of the SDU Discard Procedure is to:
a) Avoid excessive buffering of RLC SDUs in the RLC transmitter, to reduce the end-to-end latency and to improve performance; AND to
b) Avoid protocol stalling and to ensure stable protocol operation, by discarding pending AMD PDUs and corresponding SDUs from the RLC ARQ window.

This paper proposes to decouple these two functions to avoid dependencies and interactions between queuing delay and L2 ARQ operation. It also proposes that the timer based SDU Discard, as defined in ‎[1], is used as the basis for a queue management mechanism. A brief description of the proposed concept is also included.
2 Background
The SDU Discard function used in WCDMA provides means to remove RLC SDUs along with their corresponding RLC PDUs from the buffer in the RLC transmitter. This function applies only to SDUs that have not yet been transmitted. In acknowledged mode, the RLC transmitter also uses a “Move Receiver Window” (MRW) message. The MRW forces the receiving peer to advance its lower window edge up to the given RLC sequence number, thereby discarding 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in the loss of one or more RLC SDUs; however, it also ensures that consecutive SDUs are timely delivered, and that outdated packets will not consume transmission resources. When TCP is the transport layer protocol above RLC, TCP detects missing packets and interprets those as a signal of network congestion, and reduces its transmission rate (congestion window) before recovering from the loss.
3 Discussion

3.1 Active Queue Management (AQM) in LTE
We define the term Active Queue Management (AQM) as being the mechanism that controls the size of the L2 data queue, according to terminology commonly used by the Internet community. AQM is a well-known concept applied in network equipment such as routers and modems. AQM is a sender side function used to maintain queue sizes at an acceptable level, ensuring low end-to-end delays. Decision to drop a packet can be based on e.g. the size of a queue, or on the age of the queued packet.
It is our view that an LTE L2 transmitter should maintain a reasonable queue size, to provide reasonable queuing delays and responsiveness. The method should be simple and configurable by the network, instead of leaving it up to the UE implementation. The latter approach is currently taken in WCDMA platforms and leads to unpredictable, and often non-optimal, UE behavior. 

Proposal 1: An AQM mechanism should be specified for LTE.
As explained in the Appendix, the AQM mechanism should drop only those packets that have not yet entered the RLC window, i.e. SDUs that have not yet been assigned an RLC sequence number. This is necessary to avoid triggering the missing PDU detection mechanism in the RLC receiver when an SDU is dropped. This also ensures that SDU delivery to upper layer is no delayed in the receiver.

In addition, it seems preferable to apply AQM on PDCP SDUs, i.e. prior to header compression and prior to ciphering, to make the AQM function transparent to these functions as well. This is especially true if there is a possibility that AQM could drop a large number of consecutive PDUs.
Therefore, it is proposed to perform queue management at the PDCP layer. This is further discussed in ‎[3].
Proposal 2: The queuing is modeled in PDCP, and correspondingly the AQM mechanism is located in the PDCP layer.
3.2 Delay based SDU Discard

RED (“Random Early Discard”) is a well known AQM algorithm. It was developed for routers where a large number of flows share a single bottleneck queue. ‎[6] compares various AQM mechanisms; it shows that RED is not the most efficient AQM algorithm for mobile communication systems, and that it is unnecessarily complicated when the system already performs per-flow queuing.

The SDU discard procedure of the UTRAN RLC (‎[1], section 9.7.3) aims to avoid excessive buffering of RLC SDUs in the RLC transmitter, 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.
For LTE, we propose to use a mechanism similar to the SDU discard of the UTRAN RLC. As proposed above, this mechanism would be located in the PDCP layer, i.e. at the upper edge of the L2 protocol stack. Instead of looking at the queue size, the mechanism should operate on the queuing delay, since then the configuration parameters are almost independent of the actual data rate, and therefore easy to configure. 

Proposal 3: The SDU Discard mechanism is triggered when the queuing delay exceeds a preconfigured per bearer threshold.
Further details of the SDU discard mechanism are described in ‎[3].

It should be noted that the proposed AQM algorithm is not intended to enforce the Maximum Bit Rate (MBR) per flow or an aggregate MBR (AMBR) per UE, but rather to ensure reasonable end-to-end round trip times and thereby to improve the responsiveness experienced by the end-user.

4 Conclusion
In this document, we recommend to decouple queue management from the RLC window operation in LTE. We also recommend specifying a queue management mechanism based on a timer.

Our argumentation is based on the following observation that is further motivated in the appendix:

· SDU Discard should not be applied to SDUs that have been assigned RLC sequence numbers, and which have entered the RLC ARQ window.

More specifically, we propose:

Proposal 1: An 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 SDU Discard mechanism is triggered when the queuing delay exceeds a preconfigured per bearer threshold.

A corresponding stage 2 text proposal follows in section‎5.

5 Text Proposal

We propose the following changes to ‎[5].

6.2
RLC Sublayer

This subclause provides an overview on services, functions and PDU structure provided by the RLC sublayer. Note that:

-
The reliability of RLC is configurable: some radio bearers may tolerate rare losses (e.g. TCP traffic);

-
Radio Bearers are not characterized by a fixed sized data unit (e.g. a fixed sized RLC PDU).

6.2.1
Services and Functions

The main services and functions of the RLC sublayer include:

-
Transfer of upper layer PDUs supporting AM or UM;

-
TM data transfer;

-
Error Correction through ARQ (CRC check provided by the physical layer, in other words no CRC needed at RLC level);

-
Segmentation according to the size of the TB: only if an RLC SDU does not fit entirely into the TB then the RLC SDU is segmented into variable sized RLC PDUs, which do not include any padding;

-
Re-segmentation of PDUs that need to be retransmitted: if a retransmitted PDU does not fit entirely into the new TB used for retransmission then the RLC PDU is re-segmented;

-
The number of re-segmentation is not limited;

-
Concatenation of SDUs for the same radio bearer;

-
In-sequence delivery of upper layer PDUs except at HO in the uplink;

-
Duplicate Detection;

-
Protocol error detection and recovery;

-
Flow Control between eNB and UE (FFS);


-
Reset.

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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7 Appendix

7.1 SDU Discard Timer and Move Receiver Window Mechanism

It is our view that removing RLC SDUs not yet transmitted can be used as a queue management mechanism to actively control the size of the queue, and thereby limit the queuing delay. As discussed in ‎[3], it may be preferable to perform this queue management at the PDCP layer.

The combination of the SDU discard with the MRW mechanism in UTRAN RLC turned out not to be very useful. This is because of the risk of repeatedly discarding parts of SDUs that have at least partly been transmitted, i.e., SDUs that have already consumed transmission resources.
For example, let’s assume that the Timer_SDU_Discard is initialized to 500 ms for each incoming SDU. The size of the RLC SDU queue typically increases over time due to the characteristics of TCP congestion avoidance. With increasing queue size, the SDUs remain longer in the queue and finally spend almost 500 ms there before a segment of an IP packet is transmitted in an RLC PDU towards the receiving peer. After a few TTIs the corresponding Timer_SDU_Discard expires so that remaining parts of the SDU cannot be transmitted. Instead, a Move Receiver Window message is then sent, which discards the already received PDUs belonging to the expired SDU. Thus, if segmentation is used, there is a risk that SDUs are discarded for which the transmission has just started.
It should be noted that data dropped by SDU Discard is typically not obsolete and will be re-transmitted by higher layer protocols (e.g. TCP). Therefore, it is meaningful to complete any ongoing transmission of an SDU, unless the ARQ protocol or a lower layers report an unrecoverable error. In such case, it may even be preferable to reset the RLC connection.

If the link rate is high and no segmentation occurs, the entire SDU would be transmitted towards the lower layer. In this case, the expiry of the timer prevents the RLC transmitter from doing any retransmissions so that RLC ARQ is basically disabled at this point in time.

These example above shows that coupling the mechanisms that control the size of the SDU queue and the ARQ protocol operation should not be combined and should not be triggered by a common timer. In particular, discarding data from the  RLC ARQ window based on the Timer_SDU_Discard in not meaningful, due to the variable queuing delay ‘consuming’ an unpredictable amount of its run-time.

In conclusion, our view is that SDU Discard must not be applied to SDUs that have been assigned RLC sequence numbers and which have entered the RLC ARQ window.

� Note that an implementation does not need to start a timer but may actually store the arrival time of the data packet and determine the queuing delay when removing it from the queue.
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