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1 Introduction

Even using an idealized process, one cannot meet the performance specified by the “Out-of-Synchronisation Handling of Output Power” tests associated with discontinuous transmission ([1], paragraph 6.4.3.2).  In this paper we provide a theoretical analysis of such a process to support this claim.  We then recommend changes to the test specified in [1] such that the specified performance is consistent with the intent of the test and system requirements.   The extent of recommended changes are to modify two of the intermediate power levels in the requirement and to align the value of  
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 to the recently revised requirement for DCH testing of 12.2kbps operation (1.1 dB).  A more complete description of the recommended changes are provided in section 5.   In section 2 we define the required detector performance to pass the test with arbitrary values of 
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.  In section 3 we qualitatively discuss why the test for discontinuous transmission is more difficult to pass than the continuous transmission test.  In section 4 the theoretical analysis of the ideal integrating square-law detector is provided, showing that the test cannot be passed.  The recommended changes to the test are provided in section 5 along with simulations showing it is passable with a practical detector.  In section 6 a theoretical analysis of the performance of the square-law detector performance is provided under the new test conditions.  We conclude in section 8.
2 Requirements for "Out-of-Synchronisation Handling of Output Power "

A  UE is required to turn its transmitter on and off based on reception quality estimates.  In [1], specific tests are described for both continuous and SBSP=4 discontinuous transmission.  The probability with which each element of these tests must be passed has been, somewhat arbitrarily,  set to 0.99 since no such probabilities have been provided by the test description.  This yields and overall probability of passing the test of at least 0.95.

According to the Tx On/Off test for DTX, the ‘averaging time for signal quality will be 160mSec’.  In discontinuous transmission (DTX), arithmetic averaging of the Special Bursts (SB) is not practical without knowledge of the SBSP.  We therefore use the following rule:

IF Tx on AND any SBs detected above Qsbout in the last 160 mSec, THEN Tx on, ELSE Tx off

IF Tx off AND any SBs detected above Qsbin in the last 160 mSec, THEN Tx on, ELSE Tx off

The test conditions are given in [1], 
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 , SBSP = 4, and 
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is illustrated in Figure 2‑1.

In this section we determine the required probability of detection (Pd) and probability of false alarm (Pfa) for the SBs so that Qsbin and Qsbout may be determined. 
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Figure 2‑1.  Condition for Tx On/Off test during discontinuous transmission.  SBSP=4 and Ior/Ioc= -1dB

The requirements are

1. The transmitter must remain on from point A to B.

2. The transmitter must turn off between points B and C.

3. The transmitter must remain off from points C to D and D to E.

4. The transmitter must turn on between points E and F.

Simulations have shown that it is most difficult to distinguish between the –13dB and –19dB levels in Figure 2‑1 and so we focus on the problem of passing parts 1 and 2 of the test.  We wish to determine the required Pd on the front porch (the segment of point A to B) to keep the transmitter on for 5 seconds with probability 0.99, and the required Pd at the lowest level to turn the transmitter off within 200 mSec with probability 0.99.  These requirements will be used to find the values of Qsbout that may be used to pass these parts of the test, if any exist.

In part 1 of the test, we assume Pfa is negligible at the front porch level.  With the SBSP = 4, there are 125 SBs (to the nearest integer).  The probability of staying on for 5 seconds is 
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This is best modeled as a Markov chain as shown in Figure.2‑2.  The probability of being in state 4 is then the probability of failing the test.
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Figure.2‑2.  Markov Chain used to model the first part of the Tx On/Off test during discontinuous transmission

Using this model we compute the probability of passing the first part of the test as a function of Pd.   Figure.2‑3 plots this data and shows that a Pd of about 0.9 is required to attain a 0.99 probability of passing the first part of the test.
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Figure.2‑3.  Probability of passing the first part of the Tx On/Off test during discontinuous transmission.

In the second part of the test, the transmitter must be turned off within 200mSec of the transmitted 
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 dropping to the lowest level of –19dB.  In this case, Pfa is not necessarily negligible.  Simulations show it is about 1/50th to 1/20th of Pd at low Pd values. 

Computation of the required Pd is straightforward when Pfa is neglected.  Since there are 5 SBs in this interval, the probability of turning off in time is the probability of either {SBs 1-4 are undetected} OR {SBs 2-5 are undetected}.  This can also be expressed as the probability that {SBs 2-4 are undetected} AND {SBs 1 and 5 are not both detected}.
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In order to take into account the Pfa, the Markov model is again used but this time all frames in the 200 mSec period are considered and the state transition matrix is non-homogeneous.  The matrix changes with time depending on the presence or absence of a SB. 

Figure.2‑4 shows the probability of passing the second part of the test, P2, as a function of Pd.  A curve for Pfa=0 and for Pfa=Pd/20 are shown.  The required Pd to pass this part of the test with probability 0.99 is about Pd=0.0030 for case of Pfa=Pd/20, and about Pd=0.0033 for the case of Pfa=0. 
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Figure.2‑4.  Probability of passing the second part of the Tx On/Off test during discontinuous transmission. 

Part 3 of the test consists of two sub-parts, 3a and 3b.  The required Pd for part 3b of the test is relatively easy to compute.  In order to stay off for 5 seconds, 125 SBs at the back porch level must go undetected and there must be no false alarms in 5 seconds.  This problem is dominated by the requirement of missing 125 SBs at the back porch.  To pass part 3b of the test with probability 0.99
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Part 3a of the test, staying off for 5 seconds at the low level, will always be passed with greater probability that part 3b.  There is therefore no need to compute the required Pd.

The required Pd for part 4 of the test is also easy to compute.  In order to turn on within the 200mSec interval with probability 0.99, one or more of 5 SBs must be detected or a false alarm within 200mSec must occur.  This problem is dominated by detecting one of the 5 SBs. 



[image: image13.wmf](

)

6

.

0

01

.

0

1

5

1

=

-

=

Pd


(.4)

In summary, in order to pass each part of the Tx On/Off test during discontinuous transmission, the following Pds are required:

1. Pd>0.9 in part 1 of the test (stay on for 5 seconds at front porch)

2. Pd<0.003 in part 2 of the test (turn off within 200mSec at low level)

3. Pd<0.00008 in part 3 of the test (stay off for 5 seconds at low level and at back porch level)

4. Pd>0.6 in part 4 of the test (turn on within 200mSec at the last level)

Therefore, a Qsbout value that satisfies 1 and 2, and a Qsbin value that satisfies 3 and 4 needs to be found.

3 The Problem

The Tx On/Off test for continuous transmission is passed with relative ease, with the current levels; however, passage of the test under discontinuous transmission conditions is complicated by three factors:

1. While the code power remains the same for each code, the SB slot contains only one code.  In continuous transmission, there are two codes.  This amounts to ½ the power in a SB slot compared to the normal slot in the Tx On/Off test for continuous transmission.

2. The specified SBSP during the Tx On/Off test for discontinuous transmission is 4, i.e., the total power further reduced by an additional factor of 4.  

3. In the continuous transmission test, smoothing over 16 active frames is performed.  Without apriori knowledge of the SB locations, smoothing is impractical and we must use the unsmoothed SB quality estimates.  This is about a factor of 4 increase in the standard deviation of the statistic used in the Tx On/Off test.

These three differences between the Tx On/Off test for continuous and discontinuous transmission conditions make the Tx On/Off test for discontinuous transmission exceedingly difficult, if not impossible, to pass.

4 Theoretical Performance

In this section we present a theoretical analysis of the SB detection problem in AWGN for the square-law integrating detector.  Due to the difficulty with the WG4 test, it was deemed worthwhile to analyze the performance of a theoretical detector without regard to its practicability.  The intent is to use the results to fix an upper bound on the expected performance of a realized detector, and to be able to make a performance comparison. 

In the analysis, the symbol waveforms are assumed known and Ns independent equal energy symbols are observed in AWGN.  Each received symbol is coherently  processed with a matched filter.  The results are then squared and summed.  Marcum has shown in [2] that this random variable has the density function
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where IN is the Nth order modified Bessel function of the first kind.  Figure.4‑1 shows the resulting Pdf of the integrating square-law detector for Ns=122 symbols at several SNR levels.  (The equivalent 
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 values are 11dB below the SNR levels of the equivalent AWGN channel at the output of the MUD according to the test parameters in [1].)  The variable x is a scaled post detection SNR value.  Notice that there is a significant overlap between the –19dB curve and the –13dB curve.
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Figure.4‑1.  Probability density of integrating square-law detector in AWGN for SNR levels used in the Tx On/Off test during discontinuous transmission.  

In order to determine the probability that a threshold will be exceeded, (.1) must be integrated.
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A closed form for the integral in (.2) has not been found but it can be integrated numerically for the values of Ns and SNR that we are interested in here.  Figure.4‑2 shows the probability that the integrating square-law detector output will exceed a threshold value for the same SNR levels.

[image: image18.wmf]0

5

10

15

20

25

30

35

10

-3

10

-2

10

-1

10

0

Pd for Ns=122  SIR=[ -19.0  -15.0  -13.0  -9.0  -7.6  ]dB

Scaled SNR  [arb units]

Pd

SNR=-19.0dB

SNR=-15.0dB

SNR=-13.0dB

SNR=-9.0dB

SNR=-7.6dB


Figure.4‑2.  Probability the integrating square-law detector output will exceed the quality threshold.  

In  Figure.4‑3, the probability of detection, Pd, and the probability of a miss, Pm=1-Pd, are plotted for 
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 of   –19dB and –13dB respectively, along with the required Pd and Pm values.  The curve for Pm at –13dB is used to set the upper bound Qsbout by comparing it the required Pm in the corresponding part of the test.  In a similar manner, the curve for Pd at –19dB is used to set the lower bound on Qsbout.  Since the lower bound is greater than the upper bound, a suitable value for Qsbout cannot be selected to pass this part of the test, even with this idealized detector, with the required likelihood.

  After a 3 dB implementation loss margin [3] is considered, passage of the test becomes even more difficult.  In Figure 4‑4, the probability of detection, Pd, and the probability of a miss, Pm, are plotted for the 
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 values called for in [1] with the 3dB margin included. The required Pd and Pm values are also shown, indicating the acceptable range of Qsbout.  Clearly, Qsbout remains impossible to select.  
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Figure.4‑3.  Pd at 
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= –19dB,  1-Pd at 
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= –13dB, and Ior/Ioc=-1dB for the square-law integrating detector showing the requirements for Qsbout.
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Figure 4‑4.  Pd at 
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= –19dB and 1-Pd at 
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= –13dB for the square-law integrating detector with 3dB implementation loss (Ior/Ioc=-4dB), showing bounds for Qsbout.

5 Recommended Changes and Performance with a Simulated Thresholding Algorithm

Figure.5‑1 shows the proposed new values of  
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 .  In addition, we propose increasing 
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 from –1dB to +1.1dB to match the recently revised requirement for DCH testing of 12.2kbps operation in static propagation condition. (described in Table 8.3 in [1] )  The new value for 
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 includes a 3dB margin for implementation loss as per [3].

In order to verify that the new proposed test in Figure.5‑1 can be passed with a 3dB margin, we set 
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 and simulate an SIR-based threshold test.  The simulation results shown in Figure.5‑2 and Figure.5‑3 demonstrate that this test can be passed.  
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Figure.5‑1.  Proposed new test Condition for Tx On/Off test during discontinuous transmission.  SBSP=4 and Ior/Ioc= 1.1dB
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Figure.5‑2.  Probability that the special burst is detected and the estimated quality is larger than the threshold with no smoothing.  Ior/Ioc = -2dB to account for 3dB implementation margin under new test conditions.
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Figure.5‑3.  Probability that the special burst is not detected above the threshold with no smoothing.   Ior/Ioc = -2dB to account for 3dB implementation margin under new test conditions.

6 Theoretical Performance with Recommended Test Changes

We now return to a theoretical analysis of the integrating square-law detector to demonstrate that, inclusive of the 3dB implementation loss, acceptable ranges of Qsbin and Qsbout exist.  

Under the assumption that the proposed test changes are accepted.  In Figure.6‑1 and Figure.6‑2, the probability of detection, Pd, and the probability of a miss, Pm, are plotted for the 
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 values called for in section 5 with the 3dB margin included. The required Pd and Pm values are also shown, indicating the acceptable range of Qsbin and Qsbout.  The acceptable ranges for Qsbin and Qsbout are now large enough to permit a realizable detector to pass the Tx On/Off tests without excessive signal processing.

In terms of the arbitrary units on the x-axis of Figure.6‑1 and Figure.6‑2, the test is passed when Qsbout and Qsbin are selected such that 
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Figure.6‑1.  Pd at 
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= –19dB and 1-Pd at 
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= –10dB for the square-law integrating detector with 3dB implementation loss and Ior/Ioc changed to 1dB.  
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Figure.6‑2.  Pd at 
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= –17dB and 1-Pd at 
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= –9dB for the square-law integrating detector with 3dB implementation loss and Ior/Ioc changed to 1dB.  

7 Conclusion

We have shown, through a theoretical analysis, that the “Out-of-Synchronisation Handling of Output Power” tests associated with discontinuous transmission cannot be passed with the parameter values in [3].  We have also proposed changes to the 
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and 
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 values used in the test in order to make it passable without excessive signal processing with a 3dB implementation margin.  Simulations of a practical detector are provided to demonstrate that the proposed test is passable.
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