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EGPRS Bit Error Probability Performance Requirements and Testing

1 Introduction

TSG GERAN WG3 is currently in the process of defining a test case for EGPRS MEAN_BEP performance requirements. During the discussion, different opinions on the definition of the statistical signal quality parameter Bit Error Probability (BEP) were expressed. However, a common understanding of the letters as well as the spirit of the core specification is necessary to be able to define a suitable test case. 
To explain our position on BEP related measurement procedures in the MS and consequences for the test case to be defined we recapitulate the concept and definition of BEP measurement and reporting in Section 2. In Section 3 issues concerning the test procedure for MEAN_BEP measurement performance are addressed.
2 Definition and purpose of bit error probability measurement reporting
One of the main points of argument concentrates on how to consider receiver performance—especially temporary performance variations—in MEAN_BEP and CV_BEP measurement and reporting. A receiver designed to adapt its performance to current radio conditions per burst may show performance variations even if the signal is transmitted over a static channel with constant interference level (without violating any performance requirements in [3], of course). 
TS 45.008 [1], clause 8.2 specifies that: “For MEAN_BEP and CV_BEP reporting purposes, the received signal quality for each channel shall be measured on a burst-by-burst basis by the MS and BSS in a manner that can be related to the BEP (Bit Error Probability) for each burst before channel decoding using, for example, soft output from the receiver.”
It is generally agreed that MEAN_BEP and CV_BEP reflect the signal quality after the receiver. However, opinions differ on the impact of performance variations of the receiver. In [4] it is argued that “the BEP is […] averaged over possible internal decisions […]. […] BEP does not vary from one burst to the next unless the received signal quality […] at the input of the receiver changes.”. Following this interpretation, a receiver capable of adapting and optimizing its performance to the current radio conditions (e.g., by applying some sort of interference attenuation techniques) and, consequently, improving the quality of the received signal before channel decoding, would have to report a MEAN_BEP value corresponding to a lower signal quality than actually present. Furthermore, CV_BEP would only include the variations of the radio link without any indication of performance variations of the receiver.
In our view, such an interpretation contradicts the purpose of BEP measurement reports. These reports are utilized for link adaptation in the BSS. Only if the current—real—performance of an MS receiver is considered, MEAN_BEP and CV_BEP values will give an indication of the expected performance including its effective variation for the next blocks for which the BSS can choose the appropriate coding scheme to maximize throughput. This view is also in line with the original concept described in [5]: “If a vendor has a receiver that achieves better performance than what is the minimum requirement, this should be reflected in the BEP estimates.”, and in [6]: “The conclusion is that mean(BEP) and std(BEP)/mean(BEP) together give accurate information about the BLER […].”

BEP vs. BER: 
A concern expressed when taking into account receiver performance variations in MEAN_BEP and CV_BEP measurements is that it “[…] seems to contradict the concept of probability, since there is no ‘randomness’ left – it makes MEAN_BEP more or less equivalent to RXQUAL.” [4]. This seems to imply that for a given burst with a number (n ≥ 0) of bit errors BEP = BER. 
The concept of probability, however, does not apply to the behaviour of the receiver but to the way the MEAN_BEP value is derived. BEP is not just based on counting bit errors (BER), but the average likelihood is estimated for a given burst that a payload bit in that burst is not correctly received. For conditions where the number of error events per burst is sufficiently high to provide a reliable statistic, BEP could be estimated by BER if the BER was known (which is not the case for tests using MCS-4 and MCS-9). The difference becomes evident if we consider conditions with only a few error events, or non at all, per burst. A burst-BER = 0 in most of the cases does not mean that BEP = 0 (e.g. because other realizations of noise at the same level would have caused a bit error). Hence, the term probability is connected to the procedure estimating the expected BER—“using, for example, soft output from the receiver” [1]. 
3 Discussion of MEAN_BEP measurement performance testing
During the discussion in TSG GERAN WG3 the question was raised (and also submitted to the GERAN WG1 email reflector) on how the system simulator (SS) shall determine the reference value for reported MEAN_BEP based on the looped back bits from the MS. Before attempting to answer this question we will have a closer look on the necessary procedures and implications of testing MEAN_BEP measurement performance.
3.1 Test loop 
The EGPRS Switched Radio Loop Back Mode is defined in [2], clause 5.5. With the loop closed, this loop back mode does not allow to send the MEAN_BEP report corresponding to the previously looped back bits. However, this would be necessary to make a fair comparison between the receiver performance and the measurement reports. This shortcoming may be mitigated by opening the loop just for reporting and closing it immediately after the transmission of the report (referred to by WG3 as "one-phase approach"). Together with the requirement, that an MS shall include only those radio blocks which are intended for itself into MEAN_BEP measurements and that the end of the reporting period is defined as an interval (“The reporting period ends no earlier than […] three blocks for an EGPRS TBF mode before the transmission of a quality report and no later than one block before the transmission of a quality report.”) , [1], clause 10.2.3.2.1, the definition of the test loop results in different data sets the MS and the SS are working on:

· The MS does not loop back soft values from the receiver. This limits the capability of the SS to estimate burst-BEP values and is the more problematic, the lower the BEP is.  
· In case of header error rate > 0, radio blocks are looped back to the SS which were not included in the MEAN_BEP measurement process in the MS. Which blocks are included in the measurements is not known to the SS.
· The SS does not know exactly which radio blocks the MS included into the current reporting period since the end of the reporting period is implementation specific (from three to one radio block before the transmission of the quality report). In addition, radio blocks carrying signaling messages to close the loop are taken into account for MEAN_BEP measurements but not looped-back to the MS.
3.2 Discussion of a possible test procedure
Generating a MEAN_BEP measurement report in the MS consists of three stages:

1. estimation of the BEP in each burst of a radio block,

2. calculation of the MEAN_BEP value for this radio block as specified in [1],

3. filtering with forgetting factor e and mapping to a logarithmic scale as specified in [1].

In order to obtain a reference value for the reported MEAN_BEP values based on the looped-back bits from the MS, the SS should as closely as possible follow the procedure defined for the MS (Ideally, it should also use the same data set.). Steps 2 and 3 are fully specified. The only MS receiver implementation dependent part is step 1, the estimation of the burst-BEP. Testing of MS MEAN_BEP measurement performance can therefore only be performed in conditions where the SS can estimate the burst-BEP with high accuracy or where a reference value is available.
The definition of the MEAN_BEP measurement and reporting procedure and the definition of the test loop result in some restrictions for a test case. 
· The estimation of the burst-BEP can not be based on soft values from the receiver since they are not available. This limits the test range to MEAN_BEP values where the burst-BEP can be estimated from the looped-back bits with high accuracy or where a reference value is available (e.g., nominal error rate performance, [3] clause 6.1
).
· The impact of header errors has to be kept to a minimum. Since the SS does not know whether a radio block header has been successfully decoded the test has to be limited to ranges with negligible header error rates. This poses a lower bound to the testable MEAN_BEP range
. Unfortunately, the core specification does not provide guidance about the minimum header error rate performance. A core specification compliant mobile station with an unusual relationship between BER performance and header error rate performance could fail the MEAN_BEP test case.
· The uncertainty in the end of the reporting period might have a lower impact on the estimation accuracy (but should be considered when defining the test requirements) only if synchronization of the loop states in the SS and the MS is assured. 

A time-variant BER at constant S/N may be due to statistical fluctuations or it may be caused by a time-variant receiver performance. In particular below 100 errors per burst (rule of thumb) which is the relevant range for any MEAN_BEP test, the statistical fluctuations have a significant effect, and the SS cannot separate it from an instationary receiver performance. In the first case, long-term averaging might be the most appropriate way to generate a fair reference value, whereas in the second case, the burst-BEP reference generated in the SS must follow the receiver performance burst by burst.

The S/N for the signaling information (e.g. opening and closing the loop) should be high enough to avoid the loss of signaling messages. However, changing the S/N just for the signaling blocks will result in adverse side effects and is not recommended. Hence the minimum S/N in the MEAN_BEP test should be chosen such that the signaling information is correctly received. Unfortunately, the CS‑1 performance is only specified in terms of minimum input level for a BLER of 10 % which does not help finding a minimum S/N for lower block error rates.
The two-phase approach (comprising a first phase for adjusting the long-term average BER and a second phase for getting MEAN_BEP reports from the MS), which was initially proposed in WG3, could only be applied if the receiver performance was constant under constant external conditions. However, such a behavior is not required from the core specification, and, in general, an MS will show performance variations, e.g. due to heating in the analogue receiver part of the MS or adaptation in the digital part. 
4 Conclusion

Based on documents initially proposing bit error probability measurements and the current specifications we showed that MEAN_BEP and CV_BEP values shall reflect the current performance of an MS receiver without any averaging over possible receiver decisions. Then, MEAN_BEP measurement performance testing was discussed identifying constraints to be taken into account when specifying a test case for MEAN_BEP measurement performance. We conclude from these constraints that the looped back bits do not provide the SS with all the information which the SS needs to calculate a true MEAN_BEP value as a reference. However, 45.005 section 6.1 [3] may be interpreted in a way that the true MEAN_BEP must be MEAN_BEP_31 where the true BER must not exceed 10-4—regardless of the looped back bits.
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� TSG GERAN WG3 has already adopted a working assumption not to test the lowest MEAN_BEP values in order to reduce this effect.
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