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PAN error performance and L1 processing

1. Introduction

This contribution shows that it may be possible to reduce the probability of undetected PAN error to less than 10-4 using the currently defined formats for LATRED both with EGPRS and EGPRS-2. This is a factor of 10 better than the 10-3 typically attributed to the 10 bit CRC.  The fundamental approach is to apply a filter to the output of the Forward Error Correction decoding prior to applying the CRC check.

2. BACKGROUND

For Release 7 LATRED the current field format for the PAN has been agreed as defined in TS 44.060 sections 10.3a.5 for the SSN-based approach and in 10.3a.6 for the Time-based approach. Furthermore, the channel coding and burst mapping for the PAN field depends on the particular MCS, and is specified in TS 45.003 sections 5.1.5.1.4a for MCS-1 to MCS-3, 5.1.9.1.4a for MCS-5 to MCS-6, 5.1.11.1.4a for MCS-7 and 5.1.12.1.4a for MCS-8.

The PAN uses a CRC of length 10. It is well accepted that the baseline error detection capability of a 10-bit CRC is characterized by,

Probability of an undetected error for an erroneous PAN = 1/210 = 10-3
This resulting 10-3 probability of an erroneous PAN going undetected by the receiver has given rise to concerns regarding the resulting number and frequency of occurrences for RLC window stalls as a function of the RLC window sizes and the (re-) transmission strategies that are implemented.
Previous contributions to GERAN#37 and GERAN2#37bis have investigated the consequences of false PAN decoding.
Amongst others, earlier contributions have focussed on the possibility that the RLC transmitter would stall, because a PAN that contained an ACK allowing the RLC transmit window to advance was lost. Another possible failure case that was investigated is the case when the RLC transmitter receives a NACK for a previously discarded block on the basis of the reception of an ACK.

In GERAN2#37bis, an extension to the RLC protocol was endorsed where the transmitter advances V(A) exclusively based on information obtained through the PUAN/PDAN messages. Similarly, the receiver processes PANs in V(B) using a new intermediate “tentative ACK” state to tag all blocks that have been ACK’ed by a PAN only and which therefore can in theory still be subject to pre-emptive retransmissons. In addition, any received PANs that is inconsistent with the current state of receive V(B) is to be ignored.
This contribution supports these protocol extensions, but also suggests further improvements possible at Layer 1.

3. PAN processing in the pHYSICAL LAYER

The basic approach to PAN processing in L1 would be, to extract the PAN channel bits by burst/symbol de-mapping, and to put the received de-interleaved PAN channel coded bits through the FEC, which always provides its best guess for the information bits. Subsequently, the CRC is matched to the decoded PAN field, and if no match, the received PAN is declared to be in error and discarded by the receiver. This approach results in 1/210 =10-3 probability of an erroneous PAN going un-detected by the receiver.

The suggested approach is to allow the Forward Error Correction on the received PAN to declare an output only if an observed error metric satisfies a specified threshold. Only if this FEC threshold test is satisfied, then the PAN output is tested for the correct CRC.

The following example for MCS-5 DL assumes a hard decision input to a Viterbi Decoder and a filtering requirement that the observed number of raw bit errors on the PAN, assuming the decoder output, shall be no more than a specified threshold. For all FEC decoder outputs that pass this first requirement the subsequent CRC test is applied.

Table 1: Coding for PAN with EPGRS MCS-5 DL
	Total number of information bits, excluding CRC 
	20

	Total number of CRC bits 
	10

	Total number of raw bits 
	76


We consider two choices of threshold for the filtered PAN decoding approach,
Thresh = 13 or 17
And compare performance against the basic approach where the FEC decoder always provides its best guess output, which is then passed through the CRC.
We can expect two effects due to the additional FEC filtering:

(1) The number of PANs received in error that pass both the FEC and the CRC tests will be reduced from that of the basic approach (which only checks the CRC). As a consequence, the probability of un-detected PAN errors is reduced compared to the basic approach where only the CRC is checked.
(2) The number of correctly received PANs, that are rejected by either of the two tests may be expected to be somewhat lower than the number required to pass only the CRC test. As a consequence, the probability of missed PAN detections is higher compared to the basic approach.
The simulation results that follow will demonstrate that the desirable result, (1), is significant while the associated decoding loss for valid PANs, (2), is negligible.

4. SIMULATION RESULTS

Simulation Assumptions:

PAN in MCS-5 DL Radio Block

Single-path block fading channel

Soft decisions from an 8PSK soft de-mapper are fed to tail-bitting Viterbi decoder

PAN processing

Basic Approach: No FEC filtering

FEC always produces an output and the CRC pass/fail alone determines PAN Pass/Fail.
Improved Approach: Additional FEC metric filtering

PAN is accepted if the FEC metric passes the threshold and the CRC passes; PAN is rejected if the FEC threshold fails.

Figures 1 and 2 show false detection and failed acceptance plotted versus raw bit error rate as the independent variable.

Figures 3 and 4 show the probability of correct decoding versus SNR.  Actually, these two figures show the same information.  Based on the scale of figure 3 the three performance curves are almost indistinguishable.  The scale in figure 4 is changed to permit the reader to see the very small performance differences.
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Figure 1: Probability of un-detected PAN errors for basic approach (red) and FEC-filtered approach using thresholds 13 or 17 (blue and green)
Figure 1 shows the error detection performance of the basic approach to decode the PAN and the improved processing using FEC Filtering.  Observe that, as probability of the raw bit error approaches 0.5, the probability of undetected error equals 10-3, as predicted by theory.

Using the additional FEC metric filtering the probability of false acceptance for PAN is significantly (order of magnitude or more) reduced in all cases.
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Figure 2: PAN Block Error Rate vs. raw Bit Error Rate for basic approach (red) and the FEC-filtered approach using thresholds 13 or 17 (blue and green)
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Figure 3: PAN Block Error Rate vs. SNR for basic approach (red) and the FEC-filtered approach using thresholds 13 or 17 (blue and green)
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Figure 4: PAN Block Error Rate vs. SNR for basic approach (red) and the FEC-filtered approach using thresholds 13 or 17 (blue and green)
(Figure 3 zoom in around BLER = 10-1 operating point)
We observe the following:

Using a threshold of 17 observed raw bit errors on the received PAN, the probability of undetected PAN error drops to no more than 3.5e-5 and with no observable penalty to the BLER in the range BLER<0.1. One interpretation of this result is that it is virtually impossible for a correctly decoded PAN to result in more than 17 observable raw bit errors.

Using a threshold of 13 observed raw bit errors the probability of undetected PAN error drops to no more than 7e-06 in the range BLER<0.1. There is a 0.1 dB penalty at the BLER=10% operating point and a statistically negligeable penalty at the BLER = 1% operating point.
Depending on system level tradeoffs, it may be preferable to apply a tighter threshold (e.g. 13) to achieve greater error detection protection with some small loss in decoding performance for valid PANs.

As a consequence, the desired reduction in the number of un-detected PAN errors is very significant (more than one order of magnitude down from baseline 10e-3 to the 10e-4 to 10e-5 range) while the associated penalty (decoding loss), missed detections of valid PANs, is negligible.

5. ConclusionS and RECOMMENDATIONS
5.1 Conclusion

With intelligent processing and the current PAN formats, probability of undetected PAN error can be reduced to 10-4 without introducing any significant performance penalty for correctly processing valid PANs.

5.2 Recommendations
A number of contributions have approached additional techniques at the RLC protocol level to cope with un-detected PAN errors deemed correctly received by the L1 CRC decoding process.

We support this general approach, because the RLC protocol will always need to deal with a residual amount of un-detected PAN CRC errors.

For future tradeoffs on these issues, we recommend that the working assumption for probability of false acceptance of erroneous PAN be 10-4.

No series 45.xxx Specifications need be changed.

Manufacturers are encouraged to apply similar filtering techniques, consistent with their implementations to achieve PAN decoding performance similar to, or superior to that shown in this document.

We offer an item for discussion and tradeoff:  Is it better to achieve 10-4 error detection failure rate with no loss in performance for valid PANs or to aim for smaller values (e.g. 10-5) with some small loss in valid PAN detection performance?
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