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1 Introduction
The issue of MEAN_BEP testing has been extensively discussed in GERAN WG3 and WG1. Agreement could be found on the following points:

· MEAN_BEP values ≤7 will not be tested. This restricts the range of tested bit error rates to values below 5% (GMSK) and 12% (8-PSK), such that the EGPRS header error rate can be expected to be sufficiently low.

· Three MEAN_BEP intervals will be checked, one of which is at an input level of -82 dBm with no additional noise. Here, the core specification explicitly requires a bit error rate corresponding to a true value of MEAN_BEP_31. The other intervals should be in the ranges of MEAN_BEP values 10-14 and 16-21 for GMSK, and 8-13 and 16-20 for 8-PSK, respectively.

· A single-slot configuration will be used.

There is broad consensus that the receiver performance shall be part of the BEP. Moreover, it is accepted that fluctuations of the BEP due to adaptive algorithms used in the receiver shall be allowed and shall be taken into account somehow in the test.
However, an open question in GERAN#24 was whether or not the fluctuations of the receiver performance due to the adaptiveness of the receiver shall be restricted or not. It was concluded that input from network manufacturers and operators on the stability requirements of the MEAN_BEP estimate for EGPRS link adaptation is required.

In this Tdoc, we investigate the necessary period for averaging the MEAN_BEP. Moreover, we discuss the necessity of restricting the fluctuations of the receiver performance, and give some implications on MEAN_BEP testing.
2 Fluctuations of the MEAN_BEP estimate
The MEAN_BEP estimate reported by the MS is subject to fluctuations originating from the following sources: 
· Error of the MEAN_BEP estimate.

· Channel fluctuations.
· Fluctuations due to variation in the receiver performance.

These sources of fluctuation are discussed in the sequel.
2.1 Estimation Error of MEAN_BEP
The MEAN_BEP value is subject to an estimation error. Any MEAN_BEP estimation algorithm shall be designed such that

· The MEAN_BEP estimate has minimum variance

· The MEAN_BEP estimate is unbiased.

Both requirements are addressed by the core specification by assigning for any range of actual BEP an interval of MEAN_BEP values, where the estimate has to be in with a specified probability.
2.2 Channel Fluctuations

Channel fluctuations arise

a) due to shadow fading

b) due to fast fading.

Shadow fading may call on the full dynamic range of receiver input levels, depending on whether the MS is close or far from the BTS. However, it exhibits a time constant of several seconds and is therefore often referred to as slow fading. The purpose of EGPRS link adaptation is to adapt to the reception conditions given by shadow fading.
Fast fading arises due to phase differences of waves originating from different angles of arrival and superimposing at the location of the receiving antenna. The maximum Doppler frequency depends on the speed of the MS. From the classical Doppler spectrum, the coherence time of a TU50 channel can be assessed to be approximately 12 ms. This time interval is too small to be controlled by EGPRS link adaptation. Moreover, in urban cells frequency hopping is often used to mitigate the effects of fast fading. Thus, the MEAN_BEP value has to be averaged over fast fading.
In the sequel, the effects of fast fading on the MEAN_BEP estimate is illustrated by a simulation example of a TU50 channel (GMSK, 1800 MHz) in a sensitivity-limited scenario. To assure that the simulation results only exhibit the effects of fast fading on the BEP, they have been conducted using an optimum GMSK receiver with known channel coefficients and ideal BEP estimation.

Figure 1 shows the fluctuations of the MEAN_BEPBlock as specified in [1], Sec. 8.2.3.2. A total of 250 blocks has been evaluated corresponding to a time duration of approx. 4.5 s. The long-term average of the bit error probability is 1.84% corresponding to MEAN_BEP_12. It can be seen that there are variations of MEAN_BEPBlock in the range 5∙10-5…10-1, corresponding to MEAN_BEP_4…MEAN_BEP_31. Note that these variations arise solely due to channel fading. Averaging over fast fading is required to obtain a signal quality measure that can be used for link adaptation.

Figure 2 shows the corresponding MEAN_BEP values after filtering with forgetting factor 0.1 and 0.03, respectively. For convenience, the values are depicted against the time axis. It is seen that for a forgetting factor of 0.1 the MEAN_BEP values rapidly fluctuate between MEAN_BEP_12 and MEAN_BEP_16. For a forgetting factor of 0.03, the fluctuations are much slower, and the range of fluctuations is restricted to MEAN_BEP_11…MEAN_BEP_14. To sufficiently average out fast fading, a time constant of 0.5…1.0 s is required. The corresponding low pass filtering may be performed partly in the MS and partly in the BSS.
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2.3 Fluctuations due to variation in the receiver performance
Receivers may be designed to adapt their algorithms and thus their performance to current radio conditions. For example, the receiver may adapt to instantaneous interference conditions by selecting among different interference cancellation algorithms. Note that this adaptation occurs on a burst-by-burst basis and is therefore much faster than the link adaptation. Moreover, long-term variations, e.g. due to temperature drift, and short-term variations, e.g. due to varying synchronization conditions, may influence the receiver performance, even if the signal is transmitted over a static channel with constant interference level. The variations in bit error rate may range from the upper limit given by the core specification down to the theoretical limit.
Recently, it has been discussed in WG1 whether there should be limitations, possibly introduced in the core specifications, on the maximum performance fluctuations of adaptive receivers. The reason for such a new requirement might be to guarantee the functioning of link adaptation in the network, and to ease the design of a MEAN_BEP test. We think that this is not necessary for the following reasons:
· As Figure 1 shows, the BEP on block-by-block basis varies in a very wide range. It can be expected that these variations by far dominate the performance variations of adaptive receivers. As shown in the previous section, the variations MEAN_BEP values have to be averaged out by low pass filtering in the MS and/or in the BSS using a time constant of 0.5…1.0 s. This will further reduce the impact of receiver performance fluctuations on link adaptation.
· The ultimate objective is to maximize throughput. To this end, receiver performance is more important than link adaptation. If an adaptive receiver improves average bit error probability at the expense of a higher performance variance, it might be better not to apply a higher MCS, but simply to benefit from the lower BLER. This reduces the need for re-transmissions. Variations of the BEP are reflected in the CV_BEP value, mo matter if they arise from the fading channel or from receiver adaptation. Hence, the BEP-based LA algorithm will take any kind of variation into account. 
· The core specification places requirements on the minimum receiver performance. For example, a maximum BER is specified in the nominal error rate requirement. The lower limit of the BER at a given Eb/N0 and a given modulation can be found in textbooks. However, a limitation of receiver performance fluctuation may mean to place an upper limit on receiver performance. This is against the spirit of the core specification. Practically, this would restrict future improvements of receiver performance by means of adaptive receivers.
3 Conclusions and implications on MEAN_BEP testing
This paper investigates the fluctuations of the MEAN_BEP value. Three sources of fluctuations are being addressed: Fluctuations due to BEP estimation errors, due to channel fading, and variations that arise from adaptive receivers.

It is demonstrated that the major impact arises from channel fading. For link adaptation, these fluctuations have to be averaged out by means of filtering in the MS and/or in the BSS. A reasonable time constant for this averaging process is 0.5…1 s.

Adaptive receivers may give rise to fluctuations of the receiver performance. However, it can be expected that this kind of variation has much smaller impact than the variation caused by channel fading. Furthermore, averaging of the MEAN_BEP values will reduce the effects of these fluctuations. Any kind of variation is reflected in the CV_BEP parameter. Hence, the BSS has the necessary information to choose the appropriate MCS.
The MEAN_BEP testing shall reflect the aforementioned averaging time constant. In the test, some additional filtering, that would be done in the BSS in a real LA, is not appropriate. Therefore, the lowest possible forgetting factor (0.03, corresponding to a time constant of 0.6 s) shall be applied in the MS. This will not only average out some short-term variations due to receiver performance fluctuations. It will also average the short-term fluctuations arising from instabilities of the measurement equipment. With this assumption, tests #2 and #3, see [2], shall be further investigated.
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Figure � SEQ Figure \* ARABIC �1�. MEAN_BEPBlock according to 3GPP TS 45.008, Sec. 8.2.3 in a TU50 scenario.
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Figure � SEQ Figure \* ARABIC �2�. Reported MEAN_BEP after filtering with forgetting factor 0.1 and 0.03, respectively.
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