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SDU error ratio for streaming when using unacknowledged LLC

1 Introduction

To detect errors over the radio link when transmitting data via the Gb-interface error detection codes have been added in two layers. These error detection codes are usually known as Block Check Sequence (BCS), Frame Check Sequence (FCS) or Cyclic Redundancy Check (CRC). 

A CRC of 12 bits are added on the RLC layer in order to detect errors per RLC/MAC block. When using acknowledged RLC all blocks that are detected errornous are retransmitted until the CRC check is passed.

On the LLC layer a 24 bit CRC have been added per LLC frame. Typically the LLC frame consists of several RLC/MAC blocks.  When data is transmitted using LLC unacknowledged mode, it is not possible to retransmit LLC frames that are detected as errornous. The errornous frames have to be discarded at LLC level which will increase the total SDU error rate for the service. The SDU error rate will therefore be limited by the 12-bit CRC on RLC.

This contribution investigates the SDU error rate on a streaming scenario when running acknowledged RLC and unacknowledged LLC.

2 Streaming Scenario

A link level simulator with a complete implementation of all coding schemes, channel model and receiver have been used to study the amount of errornous blocks that slip through the CRC polynomial. Two streaming scenarios have been assumed:

64 kbps over 2 timeslots. This corresponds to a bit rate of 32 kbps per timeslot. LLC frames are assumed to arrive every 100 ms, i.e. they are 800 octets large. MCS-7 is used. In order to have 32 kbps per timeslot the block error rate for MCS-7 have to be less than 30 %.

32 kbps over 3 timeslots which corresponds to 10.7 kbps per timeslot. LLC frames arrive every 100 ms and are 400 octets large. MCS-3 is used with a block error rate of 30 % (or less).

Simulations have therefore been performed with MCS-3 and MCS-7 while observing the missed block error rate probablility. The channel model is TU3noFH.

3 Simulation results

Figure 1 shows the ratio of errornous RLC/MAC blocks after CRC check as a function of Block Error Rate (BLER) for MCS-3 and MCS-7. Note that the results only consider blocks that contains errors since error free blocks will always pass CRC.

As can be seen the missed CRC rate are rather constant of BLER within the studied range.  For lower error rates the failure rate will go down. A teoretical study of the error rate as a function of BLER can be found in [1].

At 50% bit error rate, the CRC detection capability, Pue, can be approximated with the following formula,

Pue=2-CRC_length

For EGPRS with a CRC length of 12 bits, the teoretical CRC block failure is 2.4x10-4. The 95% upper confidence limit for MCS-7 (blue dashed line) is in the same range as this teoretical value.
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Figure 1: Missed CRC versus BLER for MCS-7 and MCS-3.

4 Consequences on the LLC layer

In this section the simulated CRC performance on the RLC level is combined with the two scenarios described in Section 2 to show the effect of the missed CRC on LLC level. 

Since it is asssumed that LLC is using unacknowledged mode, it will not be possible to reduce SDU error rate further by resending LLC packets. However, the 24 bit CRC on LLC level is stil used to detect and discard the errornous LLC frames. For the sake of simplicitly it is assumed that the 24 bit CRC on LLC can detect all errors.

4.1 64 kbps streaming

The 64 kbps streaming example in this document uses MCS-7 on two timeslots. Since each MCS-7 block contains two RLC/MAC blocks, 200 RLC blocks are sent every second. For MCS-7 each RLC can carry 56 octets of payload which mean that one LLC frame of 800 octets are segmented into approximately 15 RLC blocks.

The BLER is assumed to be 28 % to fulfill 32 kbps per timeslot. From Figure 1 it is seen that 0.022 % of the errornous RLC blocks would be delivered up to LLC although it contains an undetected error. Of all RLC blocks delivered to LLC the following amount of blocks contains errors:

(0.28x2.2x10-4)/(1-0.28+0.22x2.5x10-4) = 0.0086 %

This mean that the probability that an LLC frame has to be discarded due to errors is 

1-(1-8.6x10-5)15 = 0.14 %

4.2 32 kbps streaming

The 32 kbps streaming example uses MCS-3 on three timeslots. Each MCS-3 block can carry one RLC block of 37 octets. Each LLC frame of 400 octets are therefore segmented onto 11 RLC blocks.

To fulfill 10.7 kbps per timeslot, the BLER is assumed to be 28 %. From Figure 1 it is given that the CRC will miss 0.014 % of the errornous RLC blocks. Of all RLC blocks delivered to LLC the following amount contains errors:

(0.28x1.4x10-4)/(1-0.28+0.28x1.4x10-4) = 0.0054 %

This mean that the frame error rate on LLC level is

1-(1-5.4x10-5)11 = 0.06 %

5 Conclusion

Due to the relatively short CRC on the RLC layer for EGPRS (12 bit) errornous blocks will be delivered to the LLC layer. When LLC is unacknowledged the frames that contains errors will have to be discarded. This contribution have investigated the SDU error ratio due to the residual RLC errors in two typical streaming scenarios.

For a reasonably bad streaming scenario a SDU error ratio of around 0.1 % could be expected when using unacknowledged LLC. 
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