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1.  Introduction

At the last WG1#14 Oulu meeting Samsung presented the uplink interference reduction gain of gated DPCCH transmission [1]. There were several comments on the simulation parameters and, in this document, we update the results with considering those comments. The comments were:

· DPDCH/DPCCH gain factor is not realistic (2.69dB)

· Practical channel estimation is not considered (ideal channel estimation)

We change the simulation parameters as follows.

· DPDCH/DPCCH = 5dB

· WMSA channel estimation

From the updated results, we found that the new results are fairly equivalent from the previous results. One thing that should be noted is that the pilot field is always transmitted continuously when there is DPDCH frame during gating. The increased power of DPDCH reduces the required Eb/No while the decreased power of DPCCH affects the channel estimation performance. Thus the overall results reflect the increased DPDCH power and the deteriorated channel estimation. The rest part of this document is based on the previous one and we just update it.

In this document, we show the average uplink interference reduction gain in uplink/downlink gated DPCCH transmission mode. In gating mode, the following transmission cases are possible.

· DPCCH only transmission

· DPDCH and DPCCH transmission

That is, as shown in Figure 1, DPCCH is always transmitted but DPDCH can be transmitted when there’s data to transmit during gating mode. (Here, for example, DPDCH transfers low rate data such as signaling message which is usually transmitted occasionally. Let “DPDCH frequency” be the probability of transmitting DPDCH during gating mode.)
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Figure 1. DPDCH Transmission during gated DPCCH transmission mode

The average interference reduction gain is defined as:

Average Uplink interference reduction gain

                            = (average transmit power when no gating)/(average transmit power when gating)

Note that the average uplink interference reduction gain is defined as the ratio of the average transmission power. Although the transmit power of DPDCH should be increased to compensate the reduced power control rate, the transmit power can be saved during DPCCH only transmission period. Thus the average interference reduction gain highly depends on the DPDCH frequency, and the results are shown with respect to the DPDCH frequency ranges from 1% to 30%.

Simulation and analysis results show that the average interference reduction gain is 4~6dB if the DPDCH frequency is 1%, 2.0~2.5dB if the DPDCH frequency is 10%. Since the average interference reduction gain the ratio of average transmit power, the gated DPCCH transmission provides gain in terms of UE Tx power saving.

2. Link level simulation
2.1 Simulation parameters

   The link-level simulation was performed to evaluate the required Eb/No of uplink DPDCH during gated DPCCH transmission mode. Note that the performance of the uplink DPDCH depends on the uplink power control rate (downlink TPC rate). More precisely, the FER of uplink DPDCH is simulated when the downlink TPC is transmitted with rate 1, 1/3, and 1/5. The channel models are CASE1 for 3km/h and CASE3 for 120km/h[11]. The detail simulation parameters are shown in table 1. 

Table 1.  Simulation parameters (uplink)

Carrier frequency
2.0 GHz

Chip rate
3.84 Mcps

Channel bit rate
DPDCH
60 kbps


DPCCH
15 kbps

Modulation
Data
BPSK


Spreading
QPSK

Slot structure
DPCCH
Pilot: 6, TPC: 2, TFCI: 2


DPDCH
Data: 40

Channel model
Multi-path fading
2-path Rayleigh


Finger
2 fingers


Receiver antenna diversity
On


Doppler frequency [Hz]
5.6(3km/h) , 222(120km/h)

DPCCH/DPDCH [dB]
-5dB

Power control
Dynamic range
Unlimited (assume ideal power amplifier)


Step size
1.0 dB


Rate
1500Hz(1/1 gating = no gating), 

500Hz(1/3 gating), 

300Hz(1/5 gating)


TPC error
4%

Channel estimation
WMSA

2.2 Simulation results
Figure 2 and 3 show the uplink DPDCH FER when the downlink TPC is transmitted with rate 1, 1/3, and 1/5, where R represents gating rate.
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Figure 2. Uplink DPDCH Frame Error Rate with various gating rate and speed (Case 1)
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Figure 3. Uplink DPDCH Frame Error Rate with various gating rate and speed (Case 3)

The required received Eb/No for the uplink DPDCH to obtain 1% FER is summarised in table 2 when the gating pattern is random. In addition, the Eb/No difference compared with gate rate 1 is also given. From the results, we can see that the Eb/No loss by 1/3 rate gating at 3km/h is about 0.42dB, for example. The uplink DPCCH performance loss, which is measured by TPC BER, due to gated DPCCH transmission is max. 0.5dB for gating rate=1/5.

Table 2. Required Rx Eb/N0[dB] to maintain 1% FER (Uplink DPDCH Performance with  downlink random gating pattern[14])

UE speed
Gating Rate


1/1
1/3
1/5

Case1(3km/h)
4.88
5.3(+0.42)
5.88(1.0)

Case3(120km/)h
5.1
5.68(0.58)
6.0(0.9)

    * ( ) indicates Eb/No difference compared with 1/1(no gating)

    Rx. Eb = EDPDCH + EDPCCH per one antenna
2.3 Uplink Interference Reduction Gain

In this subsection we analyse the average uplink interference reduction gain in gated DPCCH transmission mode based on the link simulation results in subsection 2.2. The disadvantage of the gated DPCCH transmission is the increase of the required Eb/No to obtain 1% DPDCH FER. In addition, the transmit power of DPCCH also should be increased due to reduced uplink power control rate. The average uplink interference reduction gain is defined in section 1 and restated for convenience.

Average uplink interference reduction gain

           = (Average transmit power when no gating)/(Average transmit power when gating)

In order to see the gain, let’s assume the following parameters.

F   = DPDCH frequency (%),

R   = Gating rate (1, 1/3, or 1/5)

PDPCCH = Power of DPCCH,

PDPDCH = Power of DPDCH = ((PDPCCH ((=5dB)

ADPCCH    = Additional Eb/No required for DPCCH only transmission (0.5dB)

ADPCH      = Additional Eb/No required for DPDCH+DPCCH transmission (Given in table 2)

From the assumed parameters, only DPCCH is transmitted in F% of time, and both (DPDCH+DPCCH) are transmitted in (100-F)% of time. The average uplink interference reduction gain is defined as the ratio of average transmission power as follows.

Average Uplink Interference Reduction Gain

Average uplink interference reduction gain

                      = 10 * log10 ( P(no gating)/P(gating))

   where P(no gating) and P(gating) represents the average transmit power when the gated DPCCH transmission is disabled and enabled, respectively.

P(no gating)

   The average transmit power when the gated DPCCH transmission is disabled is given by

P(no gating)  = (Average transmit power when no gating)

                      = (100-F) * PDPCCH + F * (PDPCCH +  PDPDCH)

                      = (100+((F) PDPCCH

P(gating)

   The average transmit power when the gated DPCCH transmission is enabled is given by

P(gating) = (Average transmit power during only DPCCH transmission when gating)

                 + (Average transmit power during (DPDCH+DPCCH) transmission when gating)

   During DPCCH only transmission period, the average transmit power is given by

(Average transmit power during only DPCCH transmission when gating)

                    = (100-F) * PDPCCH * 10^(0.1*ADPCCH)* R

   During both (DPDCH+DPCCH) transmission period, there is EDPCH loss, so the required power is

(Average transmit power during (DPDCH+DPCCH) transmission when gating)

                   = F * (PDPCCH + PDPDCH) * 10^(0.1*ADPCH).

Based on the above method, we calculate the average uplink interference reduction gain for 1% DPDCH frequency as table 4 (F=1).

Table 4.  Uplink interference reduction [dB] (1% DPDCH frequency)
UE speed
Overall interference reduction gain [dB]



1/3
1/5

3km/h
3.94
5.75

120km/h
3.93
5.77

Consequently, in case of 1% DPDCH frequency, the uplink interference reduction gain (~5.77dB) can be achieved by gated DPCCH transmission in spite of increasing transmission power of DPDCH during gating. The DPDCH frequency has an important role in the uplink interference reduction gain. Figure 4 shows the average uplink interference reduction gain against the DPDCH frequency for regular and random gating pattern, respectively. From these figures, we can see that more than 2.5dB gain can be achieved when the DPDCH duty cycle is 10%, and the gain increases as the DPDCH frequency decreases.
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Figure 4. Average uplink interference reduction gain (Random Gating Pattern)

3. Conclusion

With the updated simulation parameters such as DPDCH/DPCCH gain factor and practical channel estimation we revised the previous simulation results to see the uplink interference reduction gain. From the updated results, we can see the gain even with the practical simulation parameters.

From the results, we can see that if the DPDCH duty cycle is 10%, the interference reduction gain is about 2.5dB, and the gain increases as the DPDCH frequency decreases. Consequently, we can conclude that the gated DPCCH transmission is beneficial to the interference reduction, that is, the transmit power reduction.
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		Channel		Speed		Gating Rate		Pattern		DPCCH/DPDCH		Tx Eb/No		Rx Eb/No		UBER(DPDCH)		UBER(DPCCH)		CBER		FER

		Case1		3km/h		1		-		-5dB		3.142227		1.131184		0.2174		0.14238		0.0436398		0.51237

		Case1		3km/h		1		-		-5dB		4.139944		2.131176		0.18528		0.12134		0.0032996		0.0841

		Case1		3km/h		1		-		-5dB		5.184592		3.129553		0.15337		0.09985		0.0000967		0.00407

		Case1		3km/h		1		-		-5dB		6.135311		4.13137		0.12251		0.07847		0.0000029		0.00017

		Case1		3km/h		1/3		Random		-5dB		3.034856		1.101951		0.21789		0.1424		0.0581041		0.5237

		Case1		3km/h		1/3		Random		-5dB		4.095609		2.094547		0.18558		0.12161		0.0073324		0.1171

		Case1		3km/h		1/3		Random		-5dB		5.055851		3.093194		0.15355		0.09976		0.0009311		0.0126

		Case1		3km/h		1/3		Random		-5dB		6.089495		4.105151		0.12267		0.07827		0.0000975		0.0014

		Case1		3km/h		1/3		Random		-5dB		6.889236		5.102842		0.09389		0.0582		0.0000086		0.0001

		Case1		3km/h		1/5		Random		-5dB		3.029181		1.171725		0.21765		0.14201		0.0716996		0.5309

		Case1		3km/h		1/5		Random		-5dB		4.030495		2.152853		0.18551		0.12099		0.015375		0.1616

		Case1		3km/h		1/5		Random		-5dB		5.006047		3.153702		0.15372		0.09961		0.0037127		0.0338

		Case1		3km/h		1/5		Random		-5dB		6.025340		4.146018		0.12308		0.07866		0.0013332		0.009

		Case1		3km/h		1/5		Random		-5dB		7.065996		5.141043		0.0945		0.05874		0.0004049		0.0019
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		Channel		Speed		Gating Rate		Pattern		DPCCH/DPDCH		Tx Eb/No		Rx Eb/No		UBER(DPDCH)		UBER(DPCCH)		CBER		FER

		Case1		3km/h		1		-		-5dB		3.142227		1.13118		2.17E-01		1.42E-01		4.36E-02		5.124E-01

		Case1		3km/h		1		-		-5dB		4.139944		2.13118		1.85E-01		1.21E-01		3.30E-03		8.410E-02

		Case1		3km/h		1		-		-5dB		5.184592		3.12955		1.53E-01		9.99E-02		9.67E-05		4.070E-03

		Case1		3km/h		1		-		-5dB		6.135311		4.13137		1.23E-01		7.85E-02		2.90E-06		1.700E-04

		Case1		3km/h		1/3		Random		-5dB		3.034856		1.10195		2.18E-01		1.42E-01		5.81E-02		5.237E-01

		Case1		3km/h		1/3		Random		-5dB		4.095609		2.09455		1.86E-01		1.22E-01		7.33E-03		1.171E-01

		Case1		3km/h		1/3		Random		-5dB		5.055851		3.09319		1.54E-01		9.98E-02		9.31E-04		1.260E-02

		Case1		3km/h		1/3		Random		-5dB		6.089495		4.10515		1.23E-01		7.83E-02		9.75E-05		1.400E-03

		Case1		3km/h		1/3		Random		-5dB		6.889236		5.10284		9.39E-02		5.82E-02		8.60E-06		1.000E-04

		Case1		3km/h		1/5		Random		-5dB		3.029181		1.17173		2.18E-01		1.42E-01		7.17E-02		5.309E-01

		Case1		3km/h		1/5		Random		-5dB		4.030495		2.15285		1.86E-01		1.21E-01		1.54E-02		1.616E-01

		Case1		3km/h		1/5		Random		-5dB		5.006047		3.15370		1.54E-01		9.96E-02		3.71E-03		3.380E-02

		Case1		3km/h		1/5		Random		-5dB		6.025340		4.14602		1.23E-01		7.87E-02		1.33E-03		9.000E-03

		Case1		3km/h		1/5		Random		-5dB		7.065996		5.14104		9.45E-02		5.87E-02		4.05E-04		1.900E-03
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		Channel		Speed		Gating Rate		Pattern		DPCCH/DPDCH		Tx Eb/No		Rx Eb/No		UBER(DPDCH)		UBER(DPCCH)		CBER		FER

		Case1		3km/h		1		-		-5dB		3.142227		1.1312		0.2174		0.14238		0.0436398		0.51237

		Case1		3km/h		1		-		-5dB		4.139944		2.1312		0.18528		0.12134		0.0032996		0.0841

		Case1		3km/h		1		-		-5dB		5.184592		3.1296		0.15337		0.09985		0.0000967		0.00407

		Case1		3km/h		1		-		-5dB		6.135311		4.1314		0.12251		0.07847		0.0000029		0.00017

		Case1		3km/h		1/3		Random		-5dB		3.034856		1.1020		0.21789		0.1424		0.0581041		0.5237

		Case1		3km/h		1/3		Random		-5dB		4.095609		2.0945		0.18558		0.12161		0.0073324		0.1171

		Case1		3km/h		1/3		Random		-5dB		5.206248		3.1059		0.15348		0.09973		0.0008227		0.01327

		Case1		3km/h		1/3		Random		-5dB		6.075697		4.1082		0.12251		0.07829		0.0000787		0.00117

		Case1		3km/h		1/3		Random		-5dB		7.127752		5.1009		0.09389		0.05837		0.0000403		0.00015

		Case1		3km/h		1/5		Random		-5dB		3.029181		1.1717		0.21765		0.14201		0.0716996		0.5309

		Case1		3km/h		1/5		Random		-5dB		4.030495		2.1529		0.18551		0.12099		0.015375		0.1616

		Case1		3km/h		1/5		Random		-5dB		5.006047		3.1537		0.15372		0.09961		0.0037127		0.0338

		Case1		3km/h		1/5		Random		-5dB		5.978423		4.1554		0.12298		0.0784		0.0011417		0.00833

		Case1		3km/h		1/5		Random		-5dB		7.085192		5.1410		0.09453		0.05862		0.0003104		0.00207

		Case3		120km/h		1		-		-5dB		1.853183		1.624491		0.27786		0.13642		0.3218943		0.976

		Case3		120km/h		1		-		-5dB		2.854157		2.62178		0.2445		0.12086		0.1289721		0.745

		Case3		120km/h		1		-		-5dB		3.858849		3.605549		0.021007		0.10495		0.0188885		0.2473

		Case3		120km/h		1		-		-5dB		4.867869		4.612797		0.1753		0.08774		0.0009762		0.0241

												5.867855		5.614196		0.14198		0.07128		0.0000234		0.0007

		Case3		120km/h		1/3		Random		-5dB		1.74612		1.536597		0.27865		0.13692		0.3134525		0.9133

		Case3		120km/h		1/3		Random		-5dB		2.737445		2.535746		0.24488		0.12121		0.1668296		0.69233

		Case3		120km/h		1/3		Random		-5dB		3.737786		3.537781		0.20979		0.10452		0.0442975		0.3324

		Case3		120km/h		1/3		Random		-5dB		4.758064		4.541262		0.17503		0.08785		0.0066787		0.0777

		Case3		120km/h		1/3		Random		-5dB		5.750302		5.530216		0.141		0.07102		0.0004418		0.0084

		Case3		120km/h		1/5		Random		-5dB		1.724802		1.514124		0.27927		0.13725		0.317183		0.9195

		Case3		120km/h		1/5		Random		-5dB		2.752496		2.546578		0.2444		0.12107		0.166566		0.6927

		Case3		120km/h		1/5		Random		-5dB		3.741298		3.555596		0.20939		0.10457		0.0559877		0.3501

		Case3		120km/h		1/5		Random		-5dB		4.732929		4.52699		0.17508		0.08768		0.0121885		0.1092

		Case3		120km/h		1/5		Random		-5dB		5.709038		5.531518		0.14111		0.07093		0.0013996		0.0169

												6.738536		6.527528		0.10979		0.05525		0.0001719		0.002
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		Channel		Speed		Gating Rate		Pattern		DPCCH/DPDCH		Tx Eb/No		Rx Eb/No		UBER(DPDCH)		UBER(DPCCH)		CBER		FER

		Case1		3km/h		1		-		-5dB		3.142227		1.131184		0.2174		0.14238		0.0436398		0.51237

		Case1		3km/h		1		-		-5dB		4.139944		2.131176		0.18528		0.12134		0.0032996		0.0841

		Case1		3km/h		1		-		-5dB		5.184592		3.129553		0.15337		0.09985		0.0000967		0.00407

		Case1		3km/h		1		-		-5dB		6.135311		4.13137		0.12251		0.07847		0.0000029		0.00017

		Case1		3km/h		1/3		Random		-5dB		3.034856		1.101951		0.21789		0.1424		0.0581041		0.5237

		Case1		3km/h		1/3		Random		-5dB		4.095609		2.094547		0.18558		0.12161		0.0073324		0.1171

		Case1		3km/h		1/3		Random		-5dB		5.055851		3.093194		0.15355		0.09976		0.0009311		0.0126

		Case1		3km/h		1/3		Random		-5dB		6.089495		4.105151		0.12267		0.07827		0.0000975		0.0014

		Case1		3km/h		1/3		Random		-5dB		6.889236		5.102842		0.09389		0.0582		0.0000086		0.0001

		Case1		3km/h		1/5		Random		-5dB		3.029181		1.171725		0.21765		0.14201		0.0716996		0.5309

		Case1		3km/h		1/5		Random		-5dB		4.030495		2.152853		0.18551		0.12099		0.015375		0.1616

		Case1		3km/h		1/5		Random		-5dB		5.006047		3.153702		0.15372		0.09961		0.0037127		0.0338

		Case1		3km/h		1/5		Random		-5dB		6.025340		4.146018		0.12308		0.07866		0.0013332		0.009

		Case1		3km/h		1/5		Random		-5dB		7.065996		5.141043		0.0945		0.05874		0.0004049		0.0019





Sheet2

		

		Channel		Speed		Gating Rate		Pattern		DPCCH/DPDCH		Tx Eb/No		Rx Eb/No		UBER(DPDCH)		UBER(DPCCH)		CBER		FER

		Case1		3km/h		1		-		-5dB		3.142227		1.13118		2.17E-01		1.42E-01		4.36E-02		5.124E-01

		Case1		3km/h		1		-		-5dB		4.139944		2.13118		1.85E-01		1.21E-01		3.30E-03		8.410E-02

		Case1		3km/h		1		-		-5dB		5.184592		3.12955		1.53E-01		9.99E-02		9.67E-05		4.070E-03

		Case1		3km/h		1		-		-5dB		6.135311		4.13137		1.23E-01		7.85E-02		2.90E-06		1.700E-04

		Case1		3km/h		1/3		Random		-5dB		3.034856		1.10195		2.18E-01		1.42E-01		5.81E-02		5.237E-01

		Case1		3km/h		1/3		Random		-5dB		4.095609		2.09455		1.86E-01		1.22E-01		7.33E-03		1.171E-01

		Case1		3km/h		1/3		Random		-5dB		5.055851		3.09319		1.54E-01		9.98E-02		9.31E-04		1.260E-02

		Case1		3km/h		1/3		Random		-5dB		6.089495		4.10515		1.23E-01		7.83E-02		9.75E-05		1.400E-03

		Case1		3km/h		1/3		Random		-5dB		6.889236		5.10284		9.39E-02		5.82E-02		8.60E-06		1.000E-04

		Case1		3km/h		1/5		Random		-5dB		3.029181		1.17173		2.18E-01		1.42E-01		7.17E-02		5.309E-01

		Case1		3km/h		1/5		Random		-5dB		4.030495		2.15285		1.86E-01		1.21E-01		1.54E-02		1.616E-01

		Case1		3km/h		1/5		Random		-5dB		5.006047		3.15370		1.54E-01		9.96E-02		3.71E-03		3.380E-02

		Case1		3km/h		1/5		Random		-5dB		6.025340		4.14602		1.23E-01		7.87E-02		1.33E-03		9.000E-03

		Case1		3km/h		1/5		Random		-5dB		7.065996		5.14104		9.45E-02		5.87E-02		4.05E-04		1.900E-03
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		Channel		Speed		Gating Rate		Pattern		DPCCH/DPDCH		Tx Eb/No		Rx Eb/No		UBER(DPDCH)		UBER(DPCCH)		CBER		FER

		Case1		3km/h		1		-		-5dB		3.142227		1.1312		0.2174		0.14238		0.0436398		0.51237

		Case1		3km/h		1		-		-5dB		4.139944		2.1312		0.18528		0.12134		0.0032996		0.0841

		Case1		3km/h		1		-		-5dB		5.184592		3.1296		0.15337		0.09985		0.0000967		0.00407

		Case1		3km/h		1		-		-5dB		6.135311		4.1314		0.12251		0.07847		0.0000029		0.00017

		Case1		3km/h		1/3		Random		-5dB		3.034856		1.1020		0.21789		0.1424		0.0581041		0.5237

		Case1		3km/h		1/3		Random		-5dB		4.095609		2.0945		0.18558		0.12161		0.0073324		0.1171

		Case1		3km/h		1/3		Random		-5dB		5.206248		3.1059		0.15348		0.09973		0.0008227		0.01327

		Case1		3km/h		1/3		Random		-5dB		6.075697		4.1082		0.12251		0.07829		0.0000787		0.00117

		Case1		3km/h		1/3		Random		-5dB		7.127752		5.1009		0.09389		0.05837		0.0000403		0.00015

		Case1		3km/h		1/5		Random		-5dB		3.029181		1.1717		0.21765		0.14201		0.0716996		0.5309

		Case1		3km/h		1/5		Random		-5dB		4.030495		2.1529		0.18551		0.12099		0.015375		0.1616

		Case1		3km/h		1/5		Random		-5dB		5.006047		3.1537		0.15372		0.09961		0.0037127		0.0338

		Case1		3km/h		1/5		Random		-5dB		5.978423		4.1554		0.12298		0.0784		0.0011417		0.00833

		Case1		3km/h		1/5		Random		-5dB		7.085192		5.1410		0.09453		0.05862		0.0003104		0.00207

		Case3		120km/h		1		-		-5dB		1.853183		1.624491		0.27786		0.13642		0.3218943		0.976

		Case3		120km/h		1		-		-5dB		2.854157		2.62178		0.2445		0.12086		0.1289721		0.745

		Case3		120km/h		1		-		-5dB		3.858849		3.605549		0.021007		0.10495		0.0188885		0.2473

		Case3		120km/h		1		-		-5dB		4.867869		4.612797		0.1753		0.08774		0.0009762		0.0241

												5.867855		5.614196		0.14198		0.07128		0.0000234		0.0007

		Case3		120km/h		1/3		Random		-5dB		1.74612		1.536597		0.27865		0.13692		0.3134525		0.9133

		Case3		120km/h		1/3		Random		-5dB		2.737445		2.535746		0.24488		0.12121		0.1668296		0.69233

		Case3		120km/h		1/3		Random		-5dB		3.737786		3.537781		0.20979		0.10452		0.0442975		0.3324

		Case3		120km/h		1/3		Random		-5dB		4.758064		4.541262		0.17503		0.08785		0.0066787		0.0777

		Case3		120km/h		1/3		Random		-5dB		5.750302		5.530216		0.141		0.07102		0.0004418		0.0084

		Case3		120km/h		1/5		Random		-5dB		1.724802		1.514124		0.27927		0.13725		0.317183		0.9195

		Case3		120km/h		1/5		Random		-5dB		2.752496		2.546578		0.2444		0.12107		0.166566		0.6927

		Case3		120km/h		1/5		Random		-5dB		3.741298		3.555596		0.20939		0.10457		0.0559877		0.3501

		Case3		120km/h		1/5		Random		-5dB		4.732929		4.52699		0.17508		0.08768		0.0121885		0.1092

		Case3		120km/h		1/5		Random		-5dB		5.709038		5.531518		0.14111		0.07093		0.0013996		0.0169

												6.738536		6.527528		0.10979		0.05525		0.0001719		0.002
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Sheet1

		

		pattern		speed		1/rate		D (Eb/No)		Duty Cycle		P(Avg. Tx)		Gain		E_DPCCH

		Random		Case1		1		0		30		194.80				0.5

		Random		Case1		3		0.42		30		163.65		0.76		0.5

		Random		Case1		5		1		30		172.82		0.52		0.5

		Random		Case3		1		0		30		194.80				0.5

		Random		Case3		3		0.58		30		168.81		0.62		0.5

		Random		Case3		5		0.9		30		169.25		0.61		0.5

						Random

						Case1				Case3

				Duty cycle		3		5		3		5

				1		3.94		5.75		3.93		5.77

				5		2.97		3.87		2.91		3.92

				10		2.19		2.59		2.1		2.66

				15		1.66		1.79		1.55		1.87

				20		1.28		1.24		1.16		1.32

				25		0.99		0.83		0.86		0.92

				30		0.76		0.52		0.62		0.61
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