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Replacement of RXQUAL_FULL by RXQUAL_VAL in Enhanced Measurement Reports

1. INTRODUCTION

The paper discusses a problem, which occurs by only having valid BEP but no valid RXQUAL values during DL DTX periods, if enhanced measurement reporting is applied.

It proposes a solution by reporting valid RXQUAL values also during DL DTX periods within the enhanced measurement reports.

And finally it delivers some simulations, showing the results of a comparison of simulated BER, average BEP and average re-coded BER (for RXQUAL) in different scenarios.

2. Discussion of the problem and the solution

2.1 The Problem

The enhanced measurement report is defined as following (44.018v510 section 9.1.55):

< Serving cell data struct > ::=

< DTX_USED : bit >

< RXLEV_VAL : bit (6) >

< RX_QUAL_FULL : bit (3) >
< MEAN_BEP : bit (5) >

< CV_BEP : bit (3) >

< NBR_RCVD_BLOCKS : bit (5) > ;

It can be seen that the RXQUAL_FULL value is contained within the enhanced measurement report. But RXQUAL_FULL values are only correctly reported during non DL DTX periods by an MS.  

That means the reported RXQUAL result is useless during DL DTX periods and therefor just a waste of bits.

But much more critical is the influence on the radio link control, which is then only based on the reported MEAN_BEP and CV_BEP values during the DL DTX periods.

And this could cause a severe problem:

Because in contrary to RXQUAL, which is reported by the different mobile types very similar despite the fact that the standard does not contain a detailed calculation rule, there exist no experience (no R99 mobiles are on the market) with the compatibility between the MEAN_BEP and CV_BEP values delivered by mobiles from different manufacturers.

Different MS implementations could result to quite different results.

Taking this into account there exist a high risk that the reported BEP vales badly influence the efficiency of the radio link control and consequently reduces the spectrum efficiency.

2.2 The Proposal

To be on the safe side and to ensure a proper radio link control, also a valid RXQUAL value should be delivered by the MS during DL DTX periods. The network could then decide, which parameter is preferable, RXQUAL or BEP. Moreover, RXQUAL could be seen as a fallback solution, which already works best with existing measurement reports. In section 3 some simulation results are provided, which illustrate the accuracy of simulated BER, average BEP and average re-coded BER (for RXQUAL).

It is proposed that RXQUAL_FULL, as done for RXLEV, shall be replaced by RXQUAL_VAL within the enhanced measurement report.

This modifies the enhanced measurement report without adding additional bits. It prevents from sending of incorrect RXQUAL values and the waste of bits by doing this.

The enhanced measurement report would then be defined as following:

< Serving cell data struct > ::=

< DTX_USED : bit >

< RXLEV_VAL : bit (6) >

< RX_QUAL_VAL : bit (3) >
< MEAN_BEP : bit (5) >

< CV_BEP : bit (3) >

< NBR_RCVD_BLOCKS : bit (5) > ;

It is proposed by separate CRs to modify the enhanced measurement reports within the releases R99, Rel4 and Rel5.

3. A Comparison of simulated BER, average BEP and average re-coded BER (for RXQUAL)

The soft decision values or L values delivered by the equaliser for each bit constitute an estimate of the bit error probability separately for each detected bit. P denotes the bit error probability; then the L values delivered by the equaliser are defined as:
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The absolute value of L, the reliability, is given above; the sign of L denotes the bit as +1 or –1.

Thus the bit error probability can be calculated from the soft decision values according to:
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This is the bit error probability for each individual bit. Note that the estimate shows a strong dependence on the estimated noise power which is Gaussian in theory. We use the 4 final equaliser metrics for the noise estimation (forward and backward recursion, first and second half burst). We employ a BCJR equaliser of the Max-Log-MAP type so that the soft values are quite reliable.

The individual bit error probabilities are now averaged first over one burst to deliver a short-time average BEP over one burst. Using all 4 bursts of a radio block the average of the short-term per-burst average is calculated, this is MEAN_BEPblock. At the same time the Coefficient Of Variation CV_BEPblock is also calculated.

Additionally, the re-coded BER as used for RXQUAL estimation is also calculated. For comparison the coarse quantization is performed neither here nor for the BEP. In the simulations CS-3 was used; this choice does not affect the BEP at all but the re-coded BER also simulated for comparison.

The usual long-term C/I simulations for GMSK modulation were carried out in 2-dB steps under fading channel conditions over 500 frames for static, TU50 and RA250 channels and 1000 frames for the TU3 channel. The long-term  averages of MEAN_BEP, CV_BEP and the re-coded BER are depicted. The simulations have been carried out for GMSK modulation only and blind detection was disabled.

Results: For our specific equaliser (expected to deliver high-quality soft decision values) the long-term average MEAN_BEP delivers a rough estimate of the BER. The re-coded BER estimate is usually more precise for good C/I values, however. Thus the BEP provides a fast but worse estimate of the BER than the traditional RXQUAL values! Therefore it is desirable to estimate RXQUAL via the re-coded BER whenever feasible.

For very low speeds both BEP and re-coded BER become worse: BEP tends to exaggerate the BER whereas the re-coded BER becomes unreliable due to increased decoder errors. This happens because the fading events become longer than the interleaving span so that block errors can not be avoided. In case of frequency hopping this effect does not occur.

Remarkably, in most cases error rates above 2...3% are estimated with higher accuracy using BEP whereas lower error rates are estimated with higher accuracy using the re-coded bit error rate used for RXQUAL. But without fading BEP becomes far too pessimistic.
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Result 1: Coding Scheme 3, Rural Area, Speed = 0, with Frequency Hopping

Result 2: Coding Scheme 3, Rural Area, Speed = 0, no Frequency Hopping
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Result 3: Coding Scheme 3, Rural Area, Speed = 250, no Frequency Hopping
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Result 4: Coding Scheme 3, Static Channel, with Frequency Hopping
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Result 5: Coding Scheme 3, Static Channel, no Frequency Hopping
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Result 6: Coding Scheme 3, Typical Urban, Speed = 20, no Frequency Hopping
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Result 7: Coding Scheme 3, Typical Urban, Speed = 3, no Frequency Hopping
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Result 8: Coding Scheme 3, Typical Urban, Speed = 50, no Frequency Hopping
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(for more and detailed information please contact Leo.Rademacher@icn.siemens.de)
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