TSG-RAN Working Group 4 (Radio) meeting #24

R4-021224
Helsinki, Finland, 12th – 16th August 2002

Source:
Siemens AG

Title:
Revision of Out-of-Synchronisation test criteria for 1.28 Mcps TDD

Agenda item:
5.3

Document for:
Approval
1. Introduction
In this document a theoretical analysis of the Out-of-Synchronisation test criteria for 1.28 Mcps TDD based on the approach presented in [1] is performed. It can be shown, that with the current setting of the power levels for the intermediate steps the test is impossible to pass. New power levels are proposed to make the test passable. 

2. Requirement for Out-of-Synchronisation Handling of Output Power
First the test conditions for Out-of-Synchronisation Handling of Output Power during discontinuous transmission given in TS 25.102 V4.5.0 are recalled:

--- copy from TS 25.102 V4.5.0 begins ---

Table 6.4B: DCH parameters for the of Out-of-synch handling test case - 1.28 Mcps TDD option – discontinuous transmission
	Parameter
	Unit
	Value
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Figure 6.1B: Test case for out-of-synch handling in the UE –1.28 Mcps TDD option - discontinuous transmission
In this test case, the requirements for the UE are that:

1)
The UE shall not shut its transmitter off before point B.

2)
The UE shall shut its transmitter off before point C, which is Toff = 200 ms after point B.

3)
The UE shall not turn its transmitter on between points C and E.

4)
The UE shall turn its transmitter on before point F, which is Ton = 200 ms after Point E.

--- copy from TS 25.102 V4.5.0 ends ---

The analysis given in Annex A has shown, that with the current settings of the special burst DPCH_Ec/Ior during the four stages of the test, no figure for Qsbout exist to pass the test and therefore, all UE will ever fail the test.  

3. Proposed Changes for TS 25.102

It is proposed, based on the analysis in Annex A to re-adjust the Qsbout and Qsbin figures as well as the DPCH_Ec/Ior  levels for the SB in the intermediate steps.

Discontinuous case: 

Figure 1 shows the proposed new values based on the analysis in Annex A. The recommended values correspond to Qsbout = –18 dB and Qsbin = – 7,5 dB. 
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Figure 1: Proposed new test conditions for out-of-synchronisation test case, discontinuous transmission 1,28 Mcps TDD option

Continuous case

The test conditions for the out-of-synchronisation test for continuous transmission for 3.84 Mcps TDD are based on the discontinuous test case scaled by 3 dB taken the different number of codes into account. It is proposed to take the same approach for 1,28 Mcps TDD. The new values are shown in Figure 2. The recommended values correspond to Qout = –15 dB and Qin = – 4,5 dB. 
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Figure 2: Proposed new test conditions for out-of-synchronisation test case, continuous transmission 1,28 Mcps TDD option
Annex A

As in [1] first the required probability of SB detection for each stage of the test is calculated. Then the theoretical performance is analysed with respect to the current figures and new figures are analysed. 

A.1 Required probability of SB detection during the test

Due to the frame structure of 1.28 Mcps TDD with two sub-frames in 10 ms the number of special bursts during a given time is doubled compared to 3,84 Mcps TDD. Therefore, the probability of detection for the SB’s for 3.84 Mcps TDD in each stage of the test given in [1] cannot be used for 1.28 Mcps TDD. 

TS 25.224 describes the synchronisation criteria during DTX as follows:

out of synchronisation

… if no Special Burst is detected with quality above a threshold Qsbout within the last 160 ms period…

in synchronisation

… if the UE detects at least one Special Burst with quality above a threshold Qsbin within the last 160 ms period...

Now we calculate the required probability of detection Pd for the special burst to pass each stage with an probability of P=0,99. The special burst scheduling period SBSP is set to 4 in the test, therefore only every 4th burst is transmitted as special burst.

Stage 1

During 5 seconds 250 SB are transmitted and the transmitter shall stay “ON”. The probability of staying on during this period is:

P1=1 – Pr {8 contiguous SB misses within 250 SB}

The needed Pd can be calculated using a Marcov chain. The result for P1=0,99 is Pd=0,7.

Stage 2 

After 200 ms (8 SB transmitted) the transmitter shall be “OFF”. The 200 ms are the sum of 160 ms for synchronisation detection and 40 ms for transmitter turn off. The probability of staying on during this period is:

P2=1 – Pr {8 contiguous SB misses}

The needed Pd can be calculated using a Marcov chain. The result for P2=0,99 is Pd=0,001

Stage 3

The transmitter shall stay “OFF” during 4,8 seconds at low level and also “OFF” during 5 seconds at higher level. The test is dominated by the second part. No special burst of 250 transmitted SB shall be detected during this period. 

Pd=1– 0,99^(1/250) = 0.00004

Stage 4

After 200 ms (8 SB transmitted) the transmitter shall be “ON”. The 200 ms are the sum of 160 ms for synchronisation detection and 40 ms for transmitter switch on. The probability of staying on during this period is the probability of detection of one of the 8 SB:

Pd=1– (0,01)^(1/8) = 0,43

In order to pass the four stages of the test during discontinuous transmission the following Pds are required:

Stage 1

Pd>0,7 in part 1 of the test (stay on for 5 seconds)

Stage 2

Pd<0,001 in part 2 of the test (turn off within 200mSec at low level)

Stage 3

Pd<0,00004 in part 3 of the test (stay off for 5 seconds at low level and at higher level)

Stage 4

Pd>0,36 in part 4 of the test (turn on within 200mSec at the last level)

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

A.2. Theoretical Receiver performance

In this section we present the results of the SB detection in AWGN for the square law integrating detector for 1.28 Mcps TDD.  

As in [1], 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.  This random variable has the density function (see Marcum [2])
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where x is a scaled post detection SNR value, Ns the number of symbols (44 for 1.28 Mcps TDD) and IN is the Nth order modified Bessel function of the first kind. The resulting probability density function for SB DPCH_Ec/Ior used in the test are plotted in Figure A.1:
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Figure A.1: Probability density of integrating square law detector in AWGN for SB levels used in the out-of-synchronisation test during discontinuous transmission – 1.28 Mcps TDD option 

To determine the probability that a given threshold will be exceeded, the probability density function must be integrated:
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For the analysis, the integral was numerically integrated for the interesting values of Ns and SNR.

Analysis of Qsbout

In Figure A.2 the probability of detection, Pd, and the probability of a miss, Pm=1-Pd, are plotted for SB of –19dB and –13dB respectively, with the required Pd and Pm values.

The curve for Pm at –13dB is used to set the upper bound Qsbout by comparing it to the required Pm in the corresponding part 1 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 with the required likelihood.
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Figure A.2: Pd for SB –19 dB, 1-Pd for SB –13 dB, square law integrating detector with Qsbout thresholds

Figure A.3 shows the impact of changing the SB level in stage 1 of the test from – 13 dB to – 9 dB. It can be seen that now the test is passable.
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Figure A.3: Pd for SB –19 dB, 1-Pd for SB –9 dB, square law integrating detector with Qsbout thresholds

Analysis of Qsbin

In Figure A.4 the probability of detection, Pd, and the probability of a miss, Pm=1-Pd, are plotted for SB of –15dB and –9dB respectively, with the required Pd and Pm values.

The curve for Pm at –15dB is used to set the upper bound Qsbin by comparing it the required Pm in the corresponding part of the test.  In a similar manner, the curve for Pd at –9dB is used to set the lower bound on Qsbin. Here a small range for Qsbin exist to pass the test, but it is recommended to extend this range for an easier receiver implementation.
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Figure A.4: Pd for SB –15 dB, 1-Pd for SB –9 dB, square law integrating detector with Qsbin thresholds

Figure A.5 shows that the change of the higher SB level in stage 3 of the test from – 15 dB to – 17 dB and the change of the SB level in Stage 4 from –9 dB to –6 dB increases the Qsbin window for a better performance.
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Figure A.5: Pd for SB –17 dB, 1-Pd for SB –6 dB, square law integrating detector with Qsbin thresholds
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