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Accuracy requirements and testing for MEAN_BEP for EGPRS – discussion and proposal

1 Introduction

In this contribution the accuracy requirements of the EGPRS signal quality parameter MEAN_BEP (mean bit error probability) are discussed. As no test case yet exists for these requirements, the required testing procedures are described and analysed. It is found that testing is very cumbersome, if not impossible, with the current requirements. As the problem is related to the use of a fading channel for MEAN_BEP testing, it is proposed to specify the accuracy requirements on a static channel instead. Finally, a possible test procedure for the modified requirements is outlined.

2 MEAN_BEP measurement procedures for MS

In EGPRS, an MS continuously measures the link quality on the downlink. One of the quality measures is referred to as MEAN_BEP. The MEAN_BEP measurement procedures are specified in 05.08 [1]. For convenience, an extract of the relevant parts of 05.08 can be found in Annex A of this contribution. A schematic view of the procedure is shown in Figure 1. A description can be found in section 2.1 and 2.2 below.
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Figure 1. Schematic view of the MEAN_BEP estimation procedure.

Note: The standard also specifies procedures for estimation of CV_BEP (coefficient of variation of BEP). As no accuracy requirements are specified for this signal quality parameter, it is not considered further in this document.

2.1 Estimation of MEAN_BEP

The MEAN_BEP is defined as the average BEP (bit error probability) over the four bursts in a radio block ([1], clause 8.2.3). The BEP is not explicitly defined in [1]. The following paragraph from [1], clause 8.2.2, describes the BEP estimation per burst:

“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.”

While no explicit definition of BEP is given, this should be understood as the expected bit error rate of one burst, given the profile of the multipath channel during that burst (i.e., the “channel realisation”), and given the signal-to-noise ratio during the burst, but averaged over different “noise realisations”. Or put in a different way, the average raw bit error rate (raw BER) that would be the result if bursts were repeatedly transmitted with constant transmission power over that particular “channel realisation”.

2.2 Filtering and reporting

The MEAN_BEP measurements for one timeslot are filtered through an auto-regressive filter defined in [1], clause 10.2.3.2.1. The filtered MEAN_BEP is then quantised to one of 32 possible values, MEAN_BEP_0 to MEAN_BEP_31 ([1], clause 8.2.5). Finally, the filtered and quantised value is reported to the network on request (see 04.60 [2]). The reported value is referred to as “MEAN_BEP”, “GMSK_MEAN_BEP” or “8PSK_MEAN_BEP” in the standard, but to avoid confusion, it will in the following be called FQ_MEAN_BEP (where FQ is short for filtered and quantised).

3 Current accuracy requirements and testing

3.1 Accuracy requirements

The standard states that the FQ_MEAN_BEP shall have a certain accuracy when operating on a TU3 channel without frequency hopping. The accuracy is specified in 05.08 [1], clause 8.2.5.

3.2 Testing

No test case is specified for FQ_MEAN_BEP in the standard [3]. A description of the required test procedure, given the current requirements, is given below.

3.2.1 True FQ_MEAN_BEP

In order to test the accuracy of the FQ_MEAN_BEP estimates from the MS, it is of course necessary to know what are the correct FQ_MEAN_BEP values. This reference value will in the following be called the True FQ_MEAN_BEP.  The True FQ_MEAN_BEP can be defined as follows:

First, the True MEAN_BER (for a received radio block) is defined as the actual raw bit error rate of that radio block, i.e., the number of bits received in error divided by the total number of bits in the radio block.

Next, the True MEAN_BEP is defined as the average of the True MEAN_BER that would be the result if radio blocks were repeatedly transmitted (with the same transmission power) over the particular four “channel realisations” during that radio block.

Finally, the True FQ_MEAN_BEP is defined as the result of filtering the True MEAN_BEP over time (using the same filter as specified for the MS in [1]) and quantising it to one of 32 levels (according to [1]).

3.2.2 Deriving the True FQ_MEAN_BEP

The raw BER is dependent on the MS implementation. This means that the True FQ_MEAN_BEP is also MS dependent and must be derived by counting the number of bit errors the MS produces.

In principle this can be done by repeating the transmission of the same radio block several times to the MS, using the same four “channel realisations” each time for the four bursts, and the same signal-to-noise ratio (transmitted signal strength) each time. For each transmission, the True MEAN_BER must be measured by using a loop-back of raw bits and comparing transmitted and received bits. The True MEAN_BEP is then the average of the True MEAN_BER for all transmissions.

The accuracy requirements are specified on a fading channel (TU3 without frequency hopping). Therefore, it is required that the four “channel realisations” of one radio block in the test vary as a TU3 channel. Further, since the MEAN_BEP estimated by the MS is filtered over time, the testing must be done on a channel that varies according to TU3 also between contiguous radio blocks.

This means the derivation of the True MEAN_BEP must be done for several different choices of the “channel realisations”. The “channel realisations” must be chosen to reflect the fading of a TU3 channel. When the True MEAN_BEP has been derived for a sequence of radio blocks, the True MEAN_BEP values can be filtered in time and quantised. This will give the True FQ_MEAN_BEP at each time instant (20 ms slot).


Note: Either the True MEAN_BEP can be derived for one time instant (20 ms slot on the TU3 channel) at a time, repeating the same four “channel realisations” over and over again, or the True MEAN_BEP for a whole sequence of time instants (contiguous 20 ms slots on the TU3 channel) can be derived at once, repeating the whole sequence of “channel realisations”. Either way, the needed number of block transmissions will be the same.

This is illustrated in Figure 2. The uppermost curve shows the power of the impulse response over time of one timeslot on a TU3 channel. The four red circles exemplify the four bursts of one radio block. Below the curve, the True MEAN_BER measurements are illustrated as rectangles. Each row corresponds to one transmission of a sequence of contiguous radio blocks over the fading channel (assuming that the True MEAN_BEP for the whole sequence of time instants is derived at once according to the note above). When all these radio blocks have been transmitted and the True MEAN_BER has been measured for each (using loop-back of raw bits), the fading channel is started over again and the transmission and measuring of True MEAN_BER is repeated. This is illustrated by the different rows in the figure. The repetition is done as many times as is required to get sufficient confidence in the True MEAN_BEP, which is calculated by averaging the True MEAN_BER column-wise. The final step is, as described above, to filter and quantise to achieve the True FQ_MEAN_BEP.
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Figure 2. Illustration of the derivation of the True MEAN_BEP.

3.2.3 Testing estimated FQ_MEAN_BEP against True FQ_MEAN_BEP

When the True FQ_MEAN_BEP has been derived according to the procedure above for a typical TU3 fading sequence, the actual performance test begins. The loop-back mode is exited and the fading channel is restarted. The radio block sequence is transmitted to the MS again. The estimated FQ_MEAN_BEP is requested from the MS at each time instant (20 ms slot) by polling the MS for a measurement report. The estimated FQ_MEAN_BEP is then compared with the True FQ_MEAN_BEP for each time instant.

3.2.4 Summary

Deriving True FQ_MEAN_BEP
(1) Command the MS to enter loop-back mode.

(2) Select a time sequence of the channel impulse response corresponding to a typical fading sequence for one timeslot on a TU3 channel, X radio blocks long.

(3) Transmit X radio blocks of random data with fixed transmission power over the channel. For each radio block, measure and store the True MEAN_BER.

(4) Repeat (3) Y times, using the same time sequence of the channel impulse responses by restarting the fading channel.

(5) Average the Y stored values of True MEAN_BER for each of the X radio blocks, giv​ing True MEAN_BEP.

(6) Filter the sequence of True MEAN_BEP from (5) with the same filter as used in the MS, and quantise it according to the granularity given in [1], giving the True FQ_MEAN_BEP.

Testing

(1) Command the MS to exit loop-back mode.

(2) Restart the fading channel and transmit X radio blocks of random data with fixed transmission power over the channel. For each radio block, poll the MS for measurements and store the reported estimated FQ_MEAN_BEP.

(3) Compare the True FQ_MEAN_BEP (X values) and the estimated FQ_MEAN_BEP (X values).
(4) Optionally (2) and (3) can be repeated a number of times to get more measurement data, thereby reducing the required length X.


Note 1: The reason for dividing the test in two phases (derivation of reference and actual testing) is that both the loop-backed raw bits and the measurement reports must use the uplink channel. Since is must be possible to test an MS with only one uplink timeslot, loop-back mode must be exited before measurement reports can be acquired from the MS.


Note 2: The procedure above (both phases) must be repeated a number of times with different transmission power levels in order to get enough statistics for all 32 values of the True FQ_MEAN_BEP.

4 Problems with current requirements

The current requirements are specified for a fading channel. This makes it necessary to have a very complicated test procedure, as described above. Specifically:

1 It is necessary to have a high degree of control over the multipath fading simulator (MFS) used to perform the test. For each repetition of one radio block, the MFS must generate exactly the same multipath fading pattern. The timing accuracy of this generation must be in the order of a few symbols. This is not possible with most current MFSs. In fact, most current MFSs cannot be forced to reproduce a fading pattern at all.

2 Other equipment used in testing must be synchronised to the restarting of the MFS. This puts tough timing requirements on all test equipment and makes the test difficult.

3 The test time will be unfeasible. To get sufficient confidence in the True FQ_MEAN_BEP, the value of Y must be sufficiently large. Further, to get statistics for all the 32 slots of the True FQ_MEAN_BEP, the value of X must be sufficiently large, and the test must be repeated a number of times with different transmission power. Since the channel is fading, the True FQ_MEAN_BEP will be distributed among all the possible 32 values, but not all values will have the same number of hits. To get sufficient data in all 32 slots, a very large number of radio blocks must be transmitted, and some slots will get unnecessarily many hits. No estimation of the required numbers X and Y has been done, but reasonable values could be X=Y=1000, and repeating for 8 different transmission power levels. This gives a test time of 44 hours per modulation, counting only the time needed to transmit the radio blocks.

Therefore a slight modification of the requirements is proposed.

5 Proposed modification

The difficulty of testing the current requirements is due to the following:

· FQ_MEAN_BEP is a momentaneous (per radio block) quality measure.

· The TU3 channel is fading fast enough to make the True FQ_MEAN_BEP vary from one radio block to the next.

· The True FQ_MEAN_BEP cannot be derived from one transmitted radio block, but must be an average over several radio blocks transmitted over the same “channel realisation”.

To circumvent this problem, it is proposed to put requirements on a Static channel instead. As will be shown below, this will simplify testing significantly and solve the mentioned problems:

· Restarting the MFS over and over again becomes unnecessary since the channel is by definition constant over time. Normal MFSs can be used. No need for synchronising other test equipment to the restarting of the MFS, etc.

· The test time can be made significantly shorter. The True FQ_MEAN_BEP will be constant for a fixed transmission power, which means that is can be measured simply by averaging raw BER over time. When the True FQ_MEAN_BEP is derived, the MS is polled to report estimated FQ_MEAN_BEP, which is compared to the reference. Also, since the True FQ_MEAN_BEP is constant, sufficient statistics for one MEAN_BEP slot will be collected much faster. By selecting different transmission power levels, the accuracy for other MEAN_BEP slots can be tested.

One question that arises is what source of interference that should be used in such a test. For testing of e.g. RXQUAL accuracy under static conditions, adjacent channel interference is used. Therefore, it is proposed to use adjacent channel interference also for MEAN_BEP testing.

In Annex B, alternative interference sources (co-channel and sensitivity) are discussed. It is found that both these alternatives give problems on a Static channel.

5.1 Requirements

The requirements in 05.08 [1] will be specified as today with the difference that the TU3 channel is replaced by a Static channel.

It is assumed that the actual accuracy values (i.e., the percent of the reported measurements that must be within the specified range of MEAN_BEP slots according to the tables in clause 8.2.5 of 05.08) can be kept as today. However, it is recommended to re-check the accuracy with the proposed requirements and test method.

5.2 Testing

With the proposed modification of the requirements, the test could be performed as follows.

Test setup

The SS produces a wanted signal and an independent uncorrelated interfering (unwanted) signal, both with static propagation characteristics. The wanted signal is the standard test signal C1. It is at the nominal frequency of the receiver and its level is significantly above –102 dBm. The unwanted signal is the standard test signal I1, on the same timeslot on a nominal frequency 200 kHz above the nominal frequency of the wanted signal. 

Deriving True FQ_MEAN_BEP
(1) Command the MS to enter loop-back mode.

(2) Transmit X1 radio blocks of random data. Measure and average the raw BER (True MEAN_BER) over time, based on the looped-back bits from the MS. Quantise it to one of the 32 levels, giving True FQ_MEAN_BEP (filtering is not necessary since the True MEAN_BEP is constant). Adjust the C/I to get the average raw BER in the desired MEAN_BEP slot.

Testing

(1) Command the MS to exit loop-back mode.

(2) Transmit X2 radio blocks of random data. For each radio block, poll the MS for measurements and store the reported estimated FQ_MEAN_BEP.
(3) Compare the estimated FQ_MEAN_BEP (X2 values) with the True FQ_MEAN_BEP (1 value).

Repeat the procedure with different C/I to test other MEAN_BEP slots.

Note: If necessary, the test time could be further reduced testing only a (random) subset of MEAN_BEP_0 to MEAN_BEP_31. However, accuracy requirements should be specified for all 32 MEAN_BEP slots.

6 Conclusion

In this contribution, it has been described why it is very difficult to test the accuracy of MEAN_BEP for EGPRS MS given the current accuracy requirements. The testing puts high requirements on the controllability and timing of multipath fading simulators and other test equipment. Further, testing will be very time consuming. It is therefore proposed to put accuracy requirements on a Static channel instead of on TU3. Using a Static channel will make testing feasible both in terms of complexity and time.

It is further described that problems arise when testing against co-channel interference or sensitivity on a Static channel. It is therefore proposed to test against adjacent channel interference.

If this change is agreed by TSG GERAN, the test channel should be changed from release 1999 and onward. CRs to 3GPP TS 05.08 (R99) and 45.008 (Rel-4, Rel-5 and Rel-6) can be found in accompanying contributions [4]

 REF _Ref37068751 \r \h 
[5]

 REF _Ref37068753 \r \h 
[6]

 REF _Ref37068754 \r \h 
[7].
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Annex A Extract from 05.08

8.2.2
Physical parameter

[…]

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.

8.2.3
Statistical parameters

[…]

For EGPRS, the MS shall calculate the following values for each radio block (4 bursts) addressed to it:

MEAN_BEPblock = mean(BEP)
Mean Bit Error Probability (BEP) of a radio block

CV_BEPblock = std(BEP)/mean(BEP)
Coefficient of variation of the Bit Error Probability of a radio block

Here, mean(BEP) and std(BEP) are the mean and the standard deviation respectively of the measured BEP values of the four bursts in the radio block, calculated in a linear scale.

Filtering and reporting are described in subclause 10.2.3.2.

[…]

8.2.5
Range of parameters MEAN_BEP and CV_BEP

The mapping of the MEAN_BEP to the equivalent BEP and the accuracies to which an MS shall be capable of estimating the quality parameters under TU3 channel conditions (no frequency hopping) are given in the following tables for GMSK and 8-PSK respectively. Filtering according to subclause 10.2.3.2.1 with forgetting factor of 0.5 is assumed.

MEAN_BEP mapping and accuracy for GMSK

	MEAN_BEP 
	Range of
log10(actual BEP)
	Expected MEAN_BEP
 interval
	Probability that the expected MEAN_BEP is reported shall not be

lower than:

	MEAN_BEP_0
	  > -0.60
	MEAN_BEP_0/1 
	80 %

	MEAN_BEP_1
	-0.70 -- -0.60
	MEAN_BEP_1/0/2 
	80 %

	MEAN_BEP_2
	-0.80 -- -0.70
	MEAN_BEP_2/1/3 
	70 %

	MEAN_BEP_3
	-0.90 -- -0.80
	MEAN_BEP_3/2/4 
	70 %

	MEAN_BEP_4
	-1.00 -- -0.90
	MEAN_BEP_4/3/5 
	70 %

	MEAN_BEP_5
	-1.10 -- -1.00
	MEAN_BEP_5/4/6 
	70 %

	MEAN_BEP_6
	-1.20 -- -1.10
	MEAN_BEP_6/5/7 
	70 %

	MEAN_BEP_7
	-1.30 -- -1.20
	MEAN_BEP_7/6/8 
	70 %

	MEAN_BEP_8
	-1.40 -- -1.30
	MEAN_BEP_8/7/9 
	70 %

	MEAN_BEP_9
	-1.50 -- -1.40
	MEAN_BEP_9/8/10 
	70 %

	MEAN_BEP_10
	-1.60 -- -1.50
	MEAN_BEP_10/9/11 
	65 %

	MEAN_BEP_11
	-1.70 -- -1.60
	MEAN_BEP_11/10/12 
	65 %

	MEAN_BEP_12
	-1.80 -- -1.70
	MEAN_BEP_12/11/13 
	65 %

	MEAN_BEP_13
	-1.90 -- -1.80
	MEAN_BEP_13/12/14 
	65 %

	MEAN_BEP_14
	-2.00 -- -1.90
	MEAN_BEP_14/13/15 
	65 %

	MEAN_BEP_15
	-2.10 -- -2.00
	MEAN_BEP_15/13/14/16/17 
	70 %

	MEAN_BEP_16
	-2.20 -- -2.10
	MEAN_BEP_16/14/15/17/18 
	70 %

	MEAN_BEP_17
	-2.30 -- -2.20
	MEAN_BEP_17/15/16/18/19 
	70 %

	MEAN_BEP_18
	-2.40 -- -2.30
	MEAN_BEP_18/16/17/19/20 
	70 %

	MEAN_BEP_19
	-2.50 -- -2.40
	MEAN_BEP_19/17/18/20/21 
	70 %

	MEAN_BEP_20
	-2.60 -- -2.50
	MEAN_BEP_20/18/19/21/22 
	70 %

	MEAN_BEP_21
	-2.70 -- -2.60
	MEAN_BEP_21/19/20/22/23 
	70 %

	MEAN_BEP_22
	-2.80 -- -2.70
	MEAN_BEP_22/20/21/23/24 
	70 %

	MEAN_BEP_23
	-2.90 -- -2.80
	MEAN_BEP_23/21/22/24/25 
	70 %

	MEAN_BEP_24
	-3.00 -- -2.90
	MEAN_BEP_24/22/23/25/26 
	70 %

	MEAN_BEP_25
	-3.10 -- -3.00
	MEAN_BEP_25/23/24/26/27 
	65 %

	MEAN_BEP_26
	-3.20 -- -3.10
	MEAN_BEP_26/24/25/27/28 
	65 %

	MEAN_BEP_27
	-3.30 -- -3.20
	MEAN_BEP_27/25/26/28/29 
	65 %

	MEAN_BEP_28
	-3.40 -- -3.30
	MEAN_BEP_28/26/27/29/30 
	65 %

	MEAN_BEP_29
	-3.50 -- -3.40
	MEAN_BEP_29/27/28/30/31 
	80 %

	MEAN_BEP_30
	-3.60 -- -3.50
	MEAN_BEP_30/28/29/31 
	80 %

	MEAN_BEP_31
	< -3.60
	MEAN_BEP_31/29/30 
	80 %


MEAN_BEP mapping and accuracy for 8PSK

	MEAN_BEP 
	Range of
log10(actual BEP)
	Expected MEAN_BEP
 interval
	Probability that the expected MEAN_BEP is reported shall not be lower than:

	MEAN_BEP_0
	> -0.60
	MEAN_BEP_0/1/2
	80 %

	MEAN_BEP_1
	-0.64 -- -0.60
	MEAN_BEP_1/0/2/3
	80 %

	MEAN_BEP_2
	-0.68 -- -0.64
	MEAN_BEP_2/0/1/3/4
	80 %

	MEAN_BEP_3
	-0.72 -- -0.68
	MEAN_BEP_3/1/2/4/5
	80 %

	MEAN_BEP_4
	-0.76 -- -0.72
	MEAN_BEP_4/2/3/5/6
	80 %

	MEAN_BEP_5
	-0.80 -- -0.76
	MEAN_BEP_5/3/4/6/7
	80 %

	MEAN_BEP_6
	-0.84 -- -0.80
	MEAN_BEP_6/4/5/7/8
	80 %

	MEAN_BEP_7
	-0.88 -- -0.84
	MEAN_BEP_7/5/6/8/9
	80 %

	MEAN_BEP_8
	-0.92 -- -0.88
	MEAN_BEP_8/6/7/9/10
	70 %

	MEAN_BEP_9
	-0.96 -- -0.92
	MEAN_BEP_9/7/8/10/11
	70 %

	MEAN_BEP_10
	-1.00 -- -0.96
	MEAN_BEP_10/8/9/11/12
	70 %

	MEAN_BEP_11
	-1.04 -- -1.00
	MEAN_BEP_11/9/10/12/13
	70 %

	MEAN_BEP_12
	-1.08 -- -1.04
	MEAN_BEP_12/10/11/13/14
	70 %

	MEAN_BEP_13
	-1.12 -- -1.08
	MEAN_BEP_13/11/12/14/15
	70 %

	MEAN_BEP_14
	-1.16 -- -1.12
	MEAN_BEP_14/12/13/15/16
	80 %

	MEAN_BEP_15
	-1.20 -- -1.16
	MEAN_BEP_15/13/14/16
	80 %

	MEAN_BEP_16
	-1.36 -- -1.20
	MEAN_BEP_16/14/15/17
	80 %

	MEAN_BEP_17
	-1.52 -- -1.36
	MEAN_BEP_17/16/18
	90 %

	MEAN_BEP_18
	-1.68 -- -1.52
	MEAN_BEP_18/17/19
	90 %

	MEAN_BEP_19
	-1.84 -- -1.68
	MEAN_BEP_19/18/20
	90 %

	MEAN_BEP_20
	-2.00 -- -1.84
	MEAN_BEP_20/19/21
	90 %

	MEAN_BEP_21
	-2.16 -- -2.00
	MEAN_BEP_21/20/22
	80 %

	MEAN_BEP_22
	-2.32 -- -2.16
	MEAN_BEP_22/21/23
	80 %

	MEAN_BEP_23
	-2.48 -- -2.32
	MEAN_BEP_23/22/24
	80 %

	MEAN_BEP_24
	-2.64 -- -2.48
	MEAN_BEP_24/23/25
	80 %

	MEAN_BEP_25
	-2.80 -- -2.64
	MEAN_BEP_25/24/26
	80 %

	MEAN_BEP_26
	-2.96 -- -2.80
	MEAN_BEP_26/25/27
	80 %

	MEAN_BEP_27
	-3.12 -- -2.96
	MEAN_BEP_27/26/28
	70 %

	MEAN_BEP_28
	-3.28 -- -3.12
	MEAN_BEP_28/27/29
	70 %

	MEAN_BEP_29
	-3.44 -- -3.28
	MEAN_BEP_29/28/30
	70 %

	MEAN_BEP_30
	-3.60 -- -3.44
	MEAN_BEP_30/29/31
	80 %

	MEAN_BEP_31
	< -3.60
	MEAN_BEP_31/30
	80 %


[…]

10.2.3.2
Derivation of Channel Quality Report

[…]

10.2.3.2.1
Packet transfer mode
[…]

During EGPRS downlink TBF transfer, the MS shall measure the received signal quality as defined in subclause 8.2. The quality parameters shall be, for the radio blocks intended for this MS only (of which the right TFI could be decoded: see 3GPP TS 04.60), individually averaged per channel (timeslot) and per modulation type as follows:
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Where:
n is the iteration index, incremented per each downlink radio block.


Rn denotes the reliability of the filtered quality parameters.


e is the forgetting factor defined below.

xn denotes the existence of quality parameters for the nth block, i.e. if the radio block is intended for this MS. xn values 1 and 0 denote the existence and absence of quality parameters, respectively.

Annex B Note on alternative interference sources

B.1 Co-channel interference

Consider a GMSK modulated burst transmitted over a Static channel. After sampling and phase de-rotation in the GMSK receiver, the samples (symbol-spaced) of this burst will form six distinct groups in the IQ-plane as shown in Figure 3. This is an inherent property of the GMSK modulation. Half of the samples will be in the two “middle” groups (connected with a dashed line in the figure). On each side of these two groups, there are other groups of samples (four in total). The other half of the samples are divided among these four groups.


[image: image7.wmf] 

I

 

Q

 


Figure 3. GMSK modulated signal after symbol-spaced sampling and de-rotation.

Now consider two such signals, one carrier signal and one co-channel interferer. The co-channel interferer will also have its samples spread in the same formation in the IQ-plane, but possibly with a phase offset¨(i.e., a rotation in the IQ plane). The phase offset between the carrier and interferer can be anything between 0 and 90 degrees and will be fairly constant throughout one burst. Depending on this phase offset, the carrier signal will be impacted by the interference more or less severely. The best case in terms of performance is when the phase offset is 90 degrees since the interference is then “more orthogonal” to the carrier signal. The worst case is when the phase offset is 0 degrees. The difference between these two extremes is as large as a factor 30 in raw BER or 4 dB in C/I, as shown in Figure 4.

[image: image8.wmf]
Figure 4. Raw BER performance versus C/Ico on a Static channel with co-channel interference. The phase offset of the interferer relative to the carrier is varied from 0 to 90 degrees in steps of 15 degrees.

This is a problem since the phase offset between carrier and interferer will likely vary with time, e.g., due to reference frequency errors in the transmitters. This will cause a “fading” of the performance (and thereby in the True FQ_MEAN_BEP), even though the C/I is held constant. Consequently, similar difficulties as on a TU3 channel will arise.

The conclusion from this is that on a Static channel, testing MEAN_BEP accuracy against co-channel interference should be avoided.

B.2 Sensitivity

The fading caused by using interference does not occur in the sensitivity case. The True FQ_MEAN_BEP will be truly constant over time. But with sensitivity testing another problem arises, as illustrated in Figure 5. The black curve in the figure shows the GMSK raw BER versus input signal level (10 dB noise figure assumed) on a Static channel. The red dashed lines show the quantisation levels of the FQ_MEAN_BEP. Obviously, the input signal level must be very low to reach the lower quantisation levels. Normally, no performance requirements are put below ‑102 dBm (indicated by the blue line in the figure), and this should be avoided also in MEAN_BEP testing.

[image: image9.wmf]
Figure 5. GMSK raw BER versus input signal level on a Static channel.
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