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1.  Introduction

Future implementation of VDL Mode 3 system is being considered in Japan as a next generation A/G mobile communication system for air traffic services. With request from Japan Civil Aviation Bureau (JCAB), the Electronic Navigation Research Institute (ENRI) is promoting the development, test and evaluation of VDL Mode 3 System.

2.  Activities of ENRI on VDL Mode 3 System

The ENRI had participated in the evaluation on vocoders from 1997 to 1998 to  choose most suitable vocoder to be incorporated in ICAO SARPs. Currently we have developed the VDL Mode 3 test system, which can be a basis for the future operational system, and is conducting the evaluation of the data link and voice communication performances.

2.1  Overview of VDL Mode 3 development & Evaluation Program

Table 1 shows a program milestone for the development and evaluation on VDL Mode 3 system. We have completed developing the VDL Mode 3 test system except for its ground center station. With this system, the preliminary communication test was conducted in last February with the objective of evaluating basic functions and performances of the system. In April 2003, we carried out the first flight test, with being followed by the successive ones. Prior to those testing, the associated radio interference had been evaluated to investigate the impact of interferences that VDL Mode 3 system possibly provides to or is received from DSB-AM and other VDL systems operated in the same VHF band. The results of them were presented at the past ACP WG-B meetings. The entire testing schedule presently planned for VDL Mode 3 system is as illustrated in Table 2.

Meanwhile, the analysis with computer simulation on various communication performances such as channel throughput, transfer delay, etc. in various traffic models is also in progress using simulation software written with OPNET (Optimized Network Engineering Tool).
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2.2  Outline of VDL Mode 3 Test System

The configuration of VDL Mode 3 test system currently under development is as given in Figure 1. It comprises two sets of Aircraft Stations (ASs), two sets of Ground Stations (GSs) and the Ground Center Station (GCS). The development of most equipment excluding the GCS has been completed. Table 3 shows major specifications of the system.
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Table 3  Major Specifications of VDL Mode 3 Test System

	Subjects
	Specifications

	General
	･Compliant with relevant ICAO SARPs and Manuals

	Tx Power
	･15W (=42dBm)

	Frequency
	･Operational in any frequency between 118.0 and 136.975MHz (in 25kHz steps)

･Approved only at 136.900 and 136.925MHz for field testing

	System Configurations implemented 
	･2V2D and 3V1D

	Minimum Receiver

Sensitivity
	･-103.2dBm (measured at BER=10-3 [before FEC] )

	Number of

Equipment
	･Ground Station (GS) - 2 sets, Aircraft Station (AS) - 2 sets

and Ground Center Station - 1set


3.  Results of Test and Evaluation

3.1  Preliminary Laboratory Test

In February 2003, preliminary test for voice and data communications has been conducted in our laboratory.

3.1.1  Data Communication

The test setup used to evaluate data communication is as shown in Figure 2. The test included the measurement and evaluation of received power, transfer delay and channel throughput against BER (before FEC).
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Transfer delay referred in this test is defined as the period elapsed between the time when aircraft DLS (Data Link Service) sublayer delivers user data and that when ground DLS receives it. Therefore the transfer delay is the sum of the following elements of period;

a) The aircraft DLS sublayer delivers the information frame(s) containing user data to aircraft MAC.

b) The aircraft MAC sublayer transmits a reservation request message towards an associated ground station with a M downlink burst.

c) The ground station allocates TDMA time slot(s) in response to the reservation request and replies a reservation response with a M uplink burst.

d) Finally the aircraft station sends the user data with V/D downlink burst(s) and the ground DLS receives it (them).
(a) Transfer Delay and Channel Throughput vs. BER 

Some examples of test results are given in Figure 3 (input received power vs. BER), Figure 4 (transfer delay vs. BER) and Figure 5 (channel throughput vs. BER). The Minimum receiver sensitivity, which corresponds to BER equivalent to 10-3 appeared to be -103.2dBm (Figure 3). The transfer delay was about 2 seconds for one segment data (i.e. 62 byte-length data transferable within single TDMA slot) and about 3.75 seconds for 15 segment data (i.e. 930 byte-length data equivalent to maximum DLS frame size), but each one rapidly increased from the vicinity where the BER exceeds 5×10-3 and 1×10-3 respectively (Figure 4).


Likewise, the channel throughput quickly decreased from the point where BER came up to 10-3. It is assumed that when BER exceeds around 10-3　it will create rapid increase of retransmissions of V/D (data) bursts as well as M bursts (used for reservation request/response). The analysis for the observed data explained that the degree of BER generating additional transfer delay due to retransmissions of burst messages is nearly 1×10-3　for V/D (data) burst, and 1×10-2 (ten times larger than that for V/D burst) for M burst. It implies the retransmissions of V/D (data) bursts, as they contain longer message and different error correction code than that of M bursts, may be a primary factor for the deterioration of transfer delay and channel throughput.


(b) Transfer of Prioritized Message

Next, we evaluated the transfer delay characteristics for the data with different priorities under certain conditions. The prioritized message processing and transmission is one of the outstanding features offered by VDL Mode 3 system. The test setup for the evaluation is as presented in Figure 6. Each of three aircraft stations successively transmits 1 segment-length (=62bytes) data having different priority. The ground station broadcasts 15 segment-length (=930bytes) data at constant time spacing. With changing this time spacing, we varied the total channel loading on air-ground link.

Some results from this test are shown in Figure 7 and 8. Figure 7 indicates that the transfer delay for aircraft station with lowest priority (AS1) has significantly outdistanced those for other two aircraft stations with higher priorities and reached near 40 seconds in maximum. This is due to that the transmission request from AS1 continually contended with the uplink broadcast having the same priority, while the requests from AS2 and AS3 in this order preceded other requests. It was also recognized that the delay on AS1 was rapidly reducing with the decrease of channel load (See Figure 8). When the downlink data length was 15 segments, the maximum transfer delay went beyond 4 minutes.











3.1.2  Voice Communication

As for voice communication, we measured the voice processing delay within the vocoder, the end-to-end system transfer delay, and the degradation of voice quality and transfer delay according to the reduction of received signal. 

Consequently, the internal delay for voice processing within the vocoder was 59~64 msec (total time required for encoding and decoding both). The end-to-end voice transfer delay was about 208msec (See Figure 9), which satisfied maximum time delay  (=215ms) specified in the ICAO VDL Mode 3 Manual (section 8.4.2 in Part II). The observation on the voice quality and transfer delay against BER (before FEC) explained that the received voice can be clearly understood if the BER is lower than 1×10-2 (equivalent to –106dBm of received power), and also that irrespective of the received power, the transfer delay is almost constant at 208ms as far as received voice is perceivable.

3.2　Flight Test 

The flight test was conducted using our Beechcraft B-99 aircraft in the airspace near Sendai Airport to investigate radio coverage and downlink transfer delay for the VDL Mode 3 system. When the radio coverage was defined as the airspace satisfying BER being less than 10-3 (before FEC), it reached nearly 90% of estimated radio horizon (Table 4). It was almost comparable with the radio coverage for VDL Mode 2, which had been assessed before with similar flight profiles.

Figure 10 represents the flight trajectories, estimated radio horizon, as well as the location of V/D burst errors observed at the flight tests. The symbol, “A”, “B” and “C” in the figure correspond to those in Table 4. 



Table 4  Radio Horizon and Coverage for Each Flight Trajectory

	Flight Routes
	Altitude

(feet)
	Estimated Radio Horizon

（X）
	Radio Coverage

(BER≦10-3)

（Y）
	Y/X

	A
	Sendai( Omiya
	18,000
	123NM
	114NM
	93%

	
	Omiya ( Sendai
	18,000
	123NM
	111NM
	90%

	B
	Sendai ( Misawa
	15,000
	144NM
	156NM
	108%

	
	Misawa ( Sendai
	10,000
	118NM
	117NM
	99%

	C
	SDE R100
	10,500
	133NM
	114NM
	86%


The transfer delay for downlink was measured on the same flight trajectories. One of the results on the transfer delay, the definition of which is the same as specified in 3.1, is presented in Figure 11. It can be known from the figure that the range in which the transfer delay stays at lower level is nearly coincide with the radio coverage identified before.

The reason can be logically explained as follows; 

As we adopted the cumulative 95% value as the transfer delay here, the occurrences of V/D burst error below 5%, which may of course produce message retransmission, but will not effect the value of transfer delay. 

Figure 12 shows the interrelation of the error rate of V/D burst message and the BER (before FEC), which is calculated based on the formulas provided in the figure. As known from the theoretical curves in the figure, the error rate of V/D bursts at BER equivalent to 10-3 is substantially below 5% for both 1 and 15 segment-length data. Therefore, the V/D burst errors occurring when BER is lower than 10-3 will give no effect on the cumulative 95% transfer delay. More precisely, the transmission errors on M bursts (used for reservation request and response) also relate to this transfer delay. However the probability of such M burst error over the same BER is much lower than that of V/D burst, hence, it will provide further less adverse effect on the transfer delay.


4.  Issues Arising from the Test and its Resolution

4.1  Unintentional Link Disconnection

A lot of unintentional link disconnections were observed in a laboratory test at the test setup as shown in Figure 13. The ground station misinterpreted the M downlink (random access) Reservation Request messages for the Leaving Net messages. For example, in the scenario where the ground station broadcasts 15 segment-length (=930bytes) data with the time spacing of 3 seconds, at the same time each aircraft station continually transmits 1 segment-length (=62bytes) data with the same priority, the rate of such misinterpretation at the ground station amounted to as high as 8% for a total of 80 M downlink (Reservation Request) messages transmitted in random access.


This failure took place in the sequence below;

a) M downlink Reservation Request messages collided with each other in propagation path as they were transmitted in random access algorithm. 

b) Such collision transformed the Reservation Request message to M downlink Leaving Net message because they had the same synchronous sequence (i.e. S1) and similar message format as illustrated in Figure 14 and 15.

Once the ground station receives the false Leaving Net message above, it stops polling the aircraft, starts TL3 timer (Disconnect Delay Timer), and change link status to pending. When the TL3 expires, the link is disconnected. Meanwhile, the aircraft station must wait the expiration of aircraft TL4 timer (Polling Interval Timer) until it recognizes ground station incorrectly disconnected the link. It could give rise to critical issue to the “real-time” operation of VDL Mode 3 system.

The Leaving Net message, as being different from other messages such as the Net Entry message, has no framework to mutually acknowledge the message reception between air and ground. Additionally, it has no means such as CRC (Cyclic Redundancy Check) to detect errors in the message. It is considered they are one of essential causes generating such transmission failure.
4.2  Possible Solution


Various methods will be possible to apply in order to resolve the problem. Among them we concluded that accommodating the following procedure would be most appropriate in terms of simplicity and certainty. It makes use of the last 9 spare bits contained in the Leaving Net message (See Figure 14).

a) All the spare bits of the Leaving Net message are padded with "0"
b) The ground station authorizes the reception of the Leaving Net message only after verifying that the spare bits are all "0".
We validated with the test system that no false link disconnection had occurred any more after introducing the procedure above. 

In this connection, the Next Net ACK message (see the format in Figure 16) employs the same format as the Leaving Net message. But it differs in the synchronization sequence (i.e. S2* for Next Net ACK, while S1 for Reservation Request and Leaving Net messages) and the access algorithm (i.e. dedicated access employed for Next Net ACK) from Reservation Request and Leaving Net messages. Hence, the probability of misinterpreting the Next Net ACK for the Leaving Net or Reservation Request messages is considered extremely low.
	
	Bit Number

	Octet No.
	1
	2
	3
	4
	5
	6
	7
	8

	1
	Message ID (=1000)
	Local User ID

	2
	Local User ID (cont.)
	Ground Station Code
	Voice Request

	3
	Voice Request

(cont,)
	　Number of Slots Requested
	Spare
	Data Priority


　　　　　Figure 14　Poll Response and M Downlink (Reservation Request Message)
	
	Bit Number

	Octet No.
	1
	2
	3
	4
	5
	6
	7
	8

	1
	Message ID (=1010)
	Local User ID

	2
	Local User ID (cont.)
	Ground Station Code
	Spare

	3
	        Spare（cont.）=9bits
	


　　　　　　　　　　　　　　　　　　Figure 15　M Downlink (Leaving Net Message)
	
	Bit Number

	Octet No.
	1
	2
	3
	4
	5
	6
	7
	8

	1
	Message ID (=1111)
	Local User ID

	2
	Local User ID (cont.)
	Ground Station Code
	Spare

	3
	        Spare（cont.）
	


                        Figure 16  M Downlink (Next Net ACK Message)

5.  Future Work Plan

The additional testing for communication performance will be continued over next year. The ground center station that allows the transfer of data packet based on ISO 8208 or other protocol, the generation of various communication scenarios on subnetwork layer, as well as the hand-off operation between ground stations will be shortly added in the test system. Also, the computer simulation using the software developed by the ENRI is underway to obtain performance data of VDL Mode 3 system in various traffic circumstances.

6.  Conclusion

The meeting is invited to,

(a) note the status on the development, evaluation and validation of VDL Mode 3 system at the ENRI.

(b) take the appropriate action such as incorporating some specification into the VDL Mode 3 manual in order to avoid unintentional link disconnection  caused by the collision of random access M downlink Reservation Request messages.
Summary


	The Electronic Navigation Research Institute (ENRI) has been working on research & development, test and evaluation of VDL Mode 3 system based on 5-year program in the time frame 2000-2004. As the development of the test system was almost finalized, the testing to evaluate and validate various VDL Mode 3 performances is presently in progress in a laboratory and by flight tests using our Beechcraft B-99 aircraft. The provisional test results on both data and voice communication, including transfer delay, prioritized message processing, quality of voice, etc. have been successfully obtained so far. Whereas, large number of unintended link disconnections due to the collisions of M downlink bursts (for Reservation Request) were observed in the course of the test. To cope with this issue, we introduced some measure that can ensure the integrity of transfer for M downlink Reservation Request message.
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RF     : RF Unit


MODEM: Mod/Demod Unit


TDMA  : TDMA Control Unit


COM   : Com Management Unit


VOC   : Voice Processing Unit


GCS   : Ground Center Station





Figure 1  Configuration of VDL Mode 3 Test Equipment
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Figure 2  Test Setup
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Figure 3  Input Received Power vs. BER
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Figure 4  BER vs. Downlink Transfer Delay (95%)





GS





AS1





AS2





AS3





ATT





ATT





ATT





ATT





Combiner





Transmitted Data


a. Data length: 15seg


b. ACK      : No


c. Priority    : 0 (low)


d. Number of Data: NA


e. Waiting time for next 


data transmission


request   : 1-3sec





Xmt’d Data


a. 1seg


b. Yes


c. 0 (low)


d. 100 max.


e. next data


  request upon


  receipt of ACK





Xmt’d Data


a. 1seg


b. Yes


c. 1 (middle)


d. 100 max.


e. the same as


AS1





Xmt’d Data


a. 1seg


b. Yes


c. 2 (high)


d. 100 max.


e. the same as AS1





Uplink





Downlink





GS  : Ground Station


AS  : Aircraft Station


ATT	: Attenuator


ACK	: Acknowledged Frame


      (Yes or No)





Figure 6  Test Setup for Different Priority Message
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Figure 7  Transfer Delay for Message with Different Priority
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Figure 9  Voice Com End-to-End Delay
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Figure 10  Flight Trajectory and Occurrence of V/D Burst Error
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Figure 11  Transfer Delay vs. Distance 
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Figure 13  Test Setup for Data Link with Multiple Aircraft Stations
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Figure 5  BER vs. A/G Total Channel Throughput
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a) Error rate of V/D burst for 1 segment-length data
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b) Error rate of V/D burst for 15 segment-length data
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Figure 8  Relation between Transfer Delay and Channel Loading
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Figure 12  V/D Burst Error Rate vs. BER (Theoretical Calculation)





Note) 


Channel loading on this test was higher than 94%


Transfer delay is as defined before (not including transfer ACK) 
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*The test was terminated when the number of data transmitted from any of aircraft stations reached 100.





*Channel loading reached


 approx. 85% during the test.
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BER vs Transfer Delay

		#--------------------------------------------------------

		#		シナリオ1,11のBERは、"0"であるがログスケールでグラフ化するため1E-4としている。

		#--------------------------------------------------------

		#シナリオ		BER(AIR1)		Sample数		Mean		95%値		Min		Max

		1		1.00E-04		100		1.98		2.03		1.91		2.1

		2		8.20E-04		100		1.99		2.03		1.93		2.09

		3		2.40E-03		100		2.01		2.03		1.93		3.94

		4		5.20E-03		100		2.08		2.04		1.92		5.79

		5		1.10E-02		99		2.72		5.87		1.52		17.33

		6		1.80E-02		10		92.3		147.62		5.72		150.31

		11		1.00E-04		100		3.71		3.75		3.65		3.81

		12		8.20E-04		100		4		3.73		2.04		14.68

		13		2.40E-03		100		12.61		29.6		3.64		36.76

		14		5.20E-03		19		263.06		337.87		55.95		355
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		0.0001041667		0.0000421296		0.0000478009

		0.0001967593		0.0000769676		0.0000755787

		0.0003472222		0.0001046296		0.0001033565

		0.0005555556		0.0001381944		0.0001357639

		0.0008449074		0.000166088		0.0001635417

		0.0013078704		0.00019375		0.0001913194

		0.0017592593		0.0002261574		0.0002248843

		0.0022222222		0.0002540509		0.000252662
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				0.0016186343		0.0016450231

				0.0016462963		0.0016728009

				0.0016740741		0.0017005787

				0.0017019676		0.0017283565

				0.0017296296		0.0017561343

				0.0017574074		0.0017700231
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Sheet1

		Time		Time elapsed		Delay				Time in decimal		Starting Time in decimal

		14:10:00		0:00:00		2.78

		14:10:03		0:00:03		6.01

		14:10:09		0:00:09		7.49

		14:10:17		0:00:17		12.27

		14:10:29		0:00:30		18.02

		14:10:47		0:00:48		25.5

		14:11:13		0:01:13		39.63

		14:11:53		0:01:53		38.71

		14:12:32		0:02:32		39.43

		14:13:11		0:03:12		39.66

		14:10:00		0:00:00		2.33				0.5902795139		0.5902777778

		14:10:02		0:00:02		0.7				0.5903094907		0.5902777778

		14:10:03		0:00:03		2.68				0.5903199074		0.5902777778

		14:10:06		0:00:06		2.06				0.5903547454		0.5902777778

		14:10:09		0:00:09		2.56				0.5903824074		0.5902777778

		14:10:11		0:00:11		2.06				0.5904159722		0.5902777778

		14:10:14		0:00:14		2.06				0.5904438657		0.5902777778

		14:10:16		0:00:16		2.54				0.5904715278		0.5902777778

		14:10:19		0:00:19		2.14				0.5905039352		0.5902777778

		14:10:21		0:00:21		2.14				0.5905318287		0.5902777778

		14:10:24		0:00:24		2.14				0.5905594907		0.5902777778

		14:10:26		0:00:26		2.13				0.5905873843		0.5902777778

		14:10:29		0:00:29		0.7				0.590615162		0.5902777778

		14:10:30		0:00:30		2.69				0.590625463		0.5902777778

		14:10:33		0:00:33		2.07				0.5906601852		0.5902777778

		14:10:35		0:00:35		2.07				0.5906880787		0.5902777778

		14:10:37		0:00:37		2.08				0.5907157407		0.5902777778

		14:10:40		0:00:40		2.07				0.5907435185		0.5902777778

		14:10:42		0:00:42		2.07				0.590771412		0.5902777778

		14:10:45		0:00:45		2.08				0.5907990741		0.5902777778

		14:10:47		0:00:47		0.64				0.5908268519		0.5902777778

		14:10:48		0:00:48		0.55				0.5908362269		0.5902777778

		14:10:49		0:00:49		2.06				0.5908466435		0.5902777778

		14:10:51		0:00:51		2.06				0.5908743056		0.5902777778

		14:10:53		0:00:53		2.06				0.5909020833		0.5902777778

		14:10:56		0:00:56		2.06				0.5909299769		0.5902777778

		14:10:58		0:00:58		2.06				0.5909576389		0.5902777778

		14:11:01		0:01:01		2.06				0.5909854167		0.5902777778

		14:11:03		0:01:03		2.06				0.5910133102		0.5902777778

		14:11:05		0:01:05		2.07				0.5910409722		0.5902777778

		14:11:08		0:01:08		2.06				0.59106875		0.5902777778

		14:11:10		0:01:10		2.05				0.5910966435		0.5902777778

		14:11:13		0:01:13		1.1				0.5911243056		0.5902777778

		14:11:14		0:01:14		2.2				0.5911393519		0.5902777778

		14:11:16		0:01:16		2.09				0.5911684028		0.5902777778

		14:11:19		0:01:19		2.1				0.5911960648		0.5902777778

		14:11:21		0:01:21		2.1				0.5912238426		0.5902777778

		14:11:24		0:01:24		2.1				0.5912517361		0.5902777778

		14:11:26		0:01:26		2.1				0.5912793981		0.5902777778

		14:11:28		0:01:28		2.1				0.5913071759		0.5902777778

		14:11:31		0:01:31		2.1				0.5913350694		0.5902777778

		14:11:33		0:01:33		2.1				0.5913627315		0.5902777778

		14:11:36		0:01:36		2.1				0.5913905093		0.5902777778

		14:11:38		0:01:38		2.1				0.5914184028		0.5902777778

		14:11:40		0:01:40		2.11				0.5914460648		0.5902777778

		14:11:43		0:01:43		2.09				0.5914739583		0.5902777778

		14:11:45		0:01:45		2.09				0.5915017361		0.5902777778

		14:11:48		0:01:48		2.1				0.5915293981		0.5902777778

		14:11:50		0:01:50		2.08				0.5915572917		0.5902777778

		14:11:52		0:01:52		2.57				0.5915850694		0.5902777778

		14:11:55		0:01:55		2.08				0.5916185185		0.5902777778

		14:11:58		0:01:58		2.08				0.591646412		0.5902777778

		14:12:00		0:02:00		2.08				0.5916740741		0.5902777778

		14:12:03		0:02:03		2.08				0.5917018519		0.5902777778

		14:12:05		0:02:05		2.08				0.5917297454		0.5902777778

		14:12:08		0:02:08		2.09				0.5917592593		0.5902777778

		14:12:10		0:02:10		2.08				0.5917851852		0.5902777778

		14:12:12		0:02:12		2.08				0.5918130787		0.5902777778

		14:12:15		0:02:15		2.09				0.5918407407		0.5902777778

		14:12:17		0:02:17		2.08				0.5918685185		0.5902777778

		14:12:19		0:02:19		2.07				0.591896412		0.5902777778

		14:12:22		0:02:22		2.08				0.5919240741		0.5902777778

		14:12:24		0:02:24		2.08				0.5919518519		0.5902777778

		14:12:27		0:02:27		2.07				0.5919797454		0.5902777778

		14:12:29		0:02:29		2.08				0.5920074074		0.5902777778

		14:12:31		0:02:31		0.88				0.5920351852		0.5902777778

		14:12:33		0:02:33		2.08				0.5920491898		0.5902777778

		14:12:35		0:02:35		2.09				0.5920768519		0.5902777778

		14:12:37		0:02:37		2.08				0.5921046296		0.5902777778

		14:12:40		0:02:40		2.08				0.5921325231		0.5902777778

		14:12:42		0:02:42		2.09				0.5921601852		0.5902777778

		14:12:45		0:02:45		2.08				0.592187963		0.5902777778

		14:12:47		0:02:47		2.08				0.5922158565		0.5902777778

		14:12:49		0:02:49		2.09				0.5922435185		0.5902777778

		14:12:52		0:02:52		2.09				0.5922712963		0.5902777778

		14:12:54		0:02:54		2.07				0.5922991898		0.5902777778

		14:12:57		0:02:57		2.08				0.5923268519		0.5902777778

		14:12:59		0:02:59		2.08				0.5923546296		0.5902777778

		14:13:01		0:03:01		2.07				0.5923825231		0.5902777778

		14:13:04		0:03:04		2.08				0.5924101852		0.5902777778

		14:13:06		0:03:06		2.07				0.5924380787		0.5902777778

		14:13:09		0:03:09		2.08				0.5924658565		0.5902777778

		14:13:11		0:03:11		1.12				0.5924935185		0.5902777778

		14:13:12		0:03:12		2.22				0.5925085648		0.5902777778

		14:13:15		0:03:15		2.12				0.5925376157		0.5902777778

		14:13:17		0:03:17		2.13				0.5925652778		0.5902777778

		14:13:20		0:03:20		2.12				0.5925930556		0.5902777778

		14:13:22		0:03:22		2.12				0.5926209491		0.5902777778

		14:13:24		0:03:24		2.13				0.5926486111		0.5902777778

		14:13:27		0:03:27		2.13				0.5926763889		0.5902777778

		14:13:29		0:03:29		2.12				0.5927042824		0.5902777778

		14:13:32		0:03:32		2.11				0.5927320602		0.5902777778

		14:13:34		0:03:34		2.11				0.592759838		0.5902777778

		14:13:36		0:03:36		2.12				0.5927876157		0.5902777778

		14:13:39		0:03:39		2.12				0.5928152778		0.5902777778

		14:13:41		0:03:41		2.11				0.5928431713		0.5902777778

		14:13:44		0:03:44		2.12				0.5928709491		0.5902777778

		14:13:46		0:03:46		2.12				0.5928986111		0.5902777778

		14:13:48		0:03:48		2.11				0.5929265046		0.5902777778

		14:13:51		0:03:51		2.6				0.5929542824		0.5902777778

		14:10:00		0:00:00		2.11				0.5902792824		0.5902777778

		14:10:02		0:00:02		1.29				0.5903082176		0.5902777778

		14:10:04		0:00:04		1.95				0.5903255787		0.5902777778

		14:10:06		0:00:06		1.94				0.5903533565		0.5902777778

		14:10:08		0:00:08		2.43				0.5903811343		0.5902777778

		14:10:11		0:00:11		2.03				0.5904135417		0.5902777778

		14:10:14		0:00:14		2.04				0.5904413194		0.5902777778

		14:10:16		0:00:16		2.51				0.5904690972		0.5902777778

		14:10:19		0:00:19		2.01				0.590502662		0.5902777778

		14:10:21		0:00:21		2.02				0.5905304398		0.5902777778

		14:10:24		0:00:24		2.01				0.5905582176		0.5902777778

		14:10:26		0:00:26		2.01				0.5905859954		0.5902777778

		14:10:29		0:00:29		1.31				0.5906136574		0.5902777778

		14:10:30		0:00:30		1.96				0.5906311343		0.5902777778

		14:10:32		0:00:32		1.95				0.590658912		0.5902777778

		14:10:35		0:00:35		1.95				0.5906866898		0.5902777778

		14:10:37		0:00:37		1.95				0.5907144676		0.5902777778

		14:10:40		0:00:40		1.95				0.5907422454		0.5902777778

		14:10:42		0:00:42		1.95				0.5907700231		0.5902777778

		14:10:44		0:00:44		1.95				0.5907978009		0.5902777778

		14:10:47		0:00:47		1.23				0.5908255787		0.5902777778

		14:10:48		0:00:48		2.03				0.5908440972		0.5902777778
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Graph1

		0.1		0.1		0.1		0.1		0.1

		0.0833333333		0.0833333333		0.0833333333		0.0833333333		0.0833333333

		0.0694444444		0.0694444444		0.0694444444		0.0694444444		0.0694444444

		0.0578703704		0.0578703704		0.0578703704		0.0578703704		0.0578703704

		0.0482253086		0.0482253086		0.0482253086		0.0482253086		0.0482253086

		0.0401877572		0.0401877572		0.0401877572		0.0401877572		0.0401877572

		0.0334897977		0.0334897977		0.0334897977		0.0334897977		0.0334897977

		0.0279081647		0.0279081647		0.0279081647		0.0279081647		0.0279081647

		0.0232568039		0.0232568039		0.0232568039		0.0232568039		0.0232568039

		0.0193806699		0.0193806699		0.0193806699		0.0193806699		0.0193806699

		0.0161505583		0.0161505583		0.0161505583		0.0161505583		0.0161505583

		0.0134587986		0.0134587986		0.0134587986		0.0134587986		0.0134587986

		0.0112156655		0.0112156655		0.0112156655		0.0112156655		0.0112156655

		0.0093463879		0.0093463879		0.0093463879		0.0093463879		0.0093463879

		0.0077886566		0.0077886566		0.0077886566		0.0077886566		0.0077886566

		0.0064905472		0.0064905472		0.0064905472		0.0064905472		0.0064905472

		0.0054087893		0.0054087893		0.0054087893		0.0054087893		0.0054087893

		0.0045073244		0.0045073244		0.0045073244		0.0045073244		0.0045073244

		0.0037561037		0.0037561037		0.0037561037		0.0037561037		0.0037561037

		0.0031300864		0.0031300864		0.0031300864		0.0031300864		0.0031300864

		0.0026084053		0.0026084053		0.0026084053		0.0026084053		0.0026084053

		0.0021736711		0.0021736711		0.0021736711		0.0021736711		0.0021736711

		0.0018113926		0.0018113926		0.0018113926		0.0018113926		0.0018113926

		0.0015094938		0.0015094938		0.0015094938		0.0015094938		0.0015094938

		0.0012579115		0.0012579115		0.0012579115		0.0012579115		0.0012579115

		0.0010482596		0.0010482596		0.0010482596		0.0010482596		0.0010482596

		0.0008735497		0.0008735497		0.0008735497		0.0008735497		0.0008735497

		0.0007279581		0.0007279581		0.0007279581		0.0007279581		0.0007279581

		0.0006066317		0.0006066317		0.0006066317		0.0006066317		0.0006066317

		0.0005055264		0.0005055264		0.0005055264		0.0005055264		0.0005055264

		0.000421272		0.000421272		0.000421272		0.000421272		0.000421272

		0.00035106		0.00035106		0.00035106		0.00035106		0.00035106

		0.00029255		0.00029255		0.00029255		0.00029255		0.00029255
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theory_m3

		#1		2		3		4		5		6		7		8		9		10		11		12

		#BER		バイトエラー		UW(3)		1-Uw		V/D HD		1-HD		RS		BFR		BFR(2)		BFR(16)		M(4) Up		M(2) Dn

		1.00E-01		5.70E-01		2.80E-01		7.20E-01		7.86E-01		2.14E-01		2.64E-19		1.00E+00		1.00E+00		1.00E+00		8.93E-01		8.27E-01

		8.33E-02		5.01E-01		4.25E-01		5.75E-01		8.65E-01		1.35E-01		2.66E-15		1.00E+00		1.00E+00		1.00E+00		7.62E-01		6.82E-01

		6.94E-02		4.38E-01		5.70E-01		4.30E-01		9.19E-01		8.11E-02		4.36E-12		1.00E+00		1.00E+00		1.00E+00		5.93E-01		5.18E-01

		5.79E-02		3.79E-01		6.98E-01		3.02E-01		9.53E-01		4.71E-02		1.65E-09		1.00E+00		1.00E+00		1.00E+00		4.24E-01		3.66E-01

		4.82E-02		3.27E-01		8.00E-01		2.00E-01		9.73E-01		2.65E-02		1.90E-07		1.00E+00		1.00E+00		1.00E+00		2.82E-01		2.42E-01

		4.02E-02		2.80E-01		8.74E-01		1.26E-01		9.85E-01		1.45E-02		8.28E-06		1.00E+00		1.00E+00		1.00E+00		1.76E-01		1.52E-01

		3.35E-02		2.39E-01		9.23E-01		7.65E-02		9.92E-01		7.81E-03		1.63E-04		1.00E+00		1.00E+00		1.00E+00		1.05E-01		9.09E-02

		2.79E-02		2.03E-01		9.55E-01		4.47E-02		9.96E-01		4.12E-03		1.68E-03		9.98E-01		1.00E+00		1.00E+00		6.03E-02		5.25E-02

		2.33E-02		1.72E-01		9.75E-01		2.53E-02		9.98E-01		2.14E-03		1.02E-02		9.90E-01		1.00E+00		1.00E+00		3.36E-02		2.95E-02

		1.94E-02		1.45E-01		9.86E-01		1.39E-02		9.99E-01		1.10E-03		4.05E-02		9.60E-01		9.98E-01		1.00E+00		1.83E-02		1.61E-02

		1.62E-02		1.22E-01		9.92E-01		7.52E-03		9.99E-01		5.58E-04		1.13E-01		8.88E-01		9.87E-01		1.00E+00		9.74E-03		8.63E-03

		1.35E-02		1.03E-01		9.96E-01		3.98E-03		1.00E+00		2.81E-04		2.38E-01		7.63E-01		9.44E-01		1.00E+00		5.10E-03		4.54E-03

		1.12E-02		8.63E-02		9.98E-01		2.08E-03		1.00E+00		1.40E-04		4.04E-01		5.97E-01		8.38E-01		1.00E+00		2.64E-03		2.36E-03

		9.35E-03		7.24E-02		9.99E-01		1.07E-03		1.00E+00		6.98E-05		5.78E-01		4.23E-01		6.67E-01		1.00E+00		1.35E-03		1.21E-03

		7.79E-03		6.06E-02		9.99E-01		5.45E-04		1.00E+00		3.45E-05		7.29E-01		2.71E-01		4.69E-01		9.94E-01		6.83E-04		6.14E-04

		6.49E-03		5.08E-02		1.00E+00		2.75E-04		1.00E+00		1.70E-05		8.42E-01		1.59E-01		2.92E-01		9.37E-01		3.43E-04		3.09E-04

		5.41E-03		4.25E-02		1.00E+00		1.38E-04		1.00E+00		8.34E-06		9.15E-01		8.55E-02		1.64E-01		7.61E-01		1.71E-04		1.54E-04

		4.51E-03		3.55E-02		1.00E+00		6.85E-05		1.00E+00		4.08E-06		9.57E-01		4.28E-02		8.38E-02		5.03E-01		8.49E-05		7.67E-05

		3.76E-03		2.97E-02		1.00E+00		3.39E-05		1.00E+00		1.99E-06		9.80E-01		2.01E-02		3.99E-02		2.78E-01		4.19E-05		3.79E-05

		3.13E-03		2.48E-02		1.00E+00		1.67E-05		1.00E+00		9.70E-07		9.91E-01		8.97E-03		1.79E-02		1.34E-01		2.06E-05		1.87E-05

		2.61E-03		2.07E-02		1.00E+00		8.22E-06		1.00E+00		4.72E-07		9.96E-01		3.82E-03		7.62E-03		5.94E-02		1.01E-05		9.16E-06

		2.17E-03		1.73E-02		1.00E+00		4.02E-06		1.00E+00		2.29E-07		9.98E-01		1.56E-03		3.13E-03		2.47E-02		4.94E-06		4.48E-06

		1.81E-03		1.44E-02		1.00E+00		1.97E-06		1.00E+00		1.11E-07		9.99E-01		6.20E-04		1.24E-03		9.88E-03		2.41E-06		2.19E-06

		1.51E-03		1.20E-02		1.00E+00		9.58E-07		1.00E+00		5.39E-08		1.00E+00		2.39E-04		4.79E-04		3.82E-03		1.17E-06		1.07E-06

		1.26E-03		1.00E-02		1.00E+00		4.66E-07		1.00E+00		2.61E-08		1.00E+00		9.02E-05		1.80E-04		1.44E-03		5.70E-07		5.18E-07

		1.05E-03		8.36E-03		1.00E+00		2.26E-07		1.00E+00		1.26E-08		1.00E+00		3.34E-05		6.68E-05		5.34E-04		2.77E-07		2.52E-07

		8.74E-04		6.97E-03		1.00E+00		1.10E-07		1.00E+00		6.10E-09		1.00E+00		1.22E-05		2.43E-05		1.95E-04		1.34E-07		1.22E-07

		7.28E-04		5.81E-03		1.00E+00		5.33E-08		1.00E+00		2.95E-09		1.00E+00		4.38E-06		8.76E-06		7.01E-05		6.51E-08		5.92E-08

		6.07E-04		4.84E-03		1.00E+00		2.58E-08		1.00E+00		1.43E-09		1.00E+00		1.56E-06		3.12E-06		2.50E-05		3.15E-08		2.86E-08

		5.06E-04		4.04E-03		1.00E+00		1.25E-08		1.00E+00		6.88E-10		1.00E+00		5.52E-07		1.10E-06		8.82E-06		1.52E-08		1.39E-08

		4.21E-04		3.37E-03		1.00E+00		6.04E-09		1.00E+00		3.32E-10		1.00E+00		1.94E-07		3.88E-07		3.10E-06		7.37E-09		6.70E-09

		3.51E-04		2.81E-03		1.00E+00		2.92E-09		1.00E+00		1.60E-10		1.00E+00		6.80E-08		1.36E-07		1.09E-06		3.56E-09		3.24E-09

		2.93E-04		2.34E-03		1.00E+00		1.41E-09		1.00E+00		7.75E-11		1.00E+00		2.38E-08		4.77E-08		3.82E-07		1.72E-09		1.57E-09

		2.44E-04		1.95E-03		1.00E+00		6.81E-10		1.00E+00		3.74E-11		1.00E+00		8.38E-09		1.68E-08		1.34E-07		8.31E-10		7.56E-10

		2.03E-04		1.62E-03		1.00E+00		3.29E-10		1.00E+00		1.80E-11		1.00E+00		2.96E-09		5.93E-09		4.74E-08		4.01E-10		3.65E-10

		1.69E-04		1.35E-03		1.00E+00		1.59E-10		1.00E+00		8.71E-12		1.00E+00		1.06E-09		2.12E-09		1.69E-08		1.94E-10		1.76E-10

		1.41E-04		1.13E-03		1.00E+00		7.67E-11		1.00E+00		4.20E-12		1.00E+00		3.83E-10		7.66E-10		6.13E-09		9.35E-11		8.51E-11

		1.18E-04		9.40E-04		1.00E+00		3.70E-11		1.00E+00		2.03E-12		1.00E+00		1.41E-10		2.83E-10		2.26E-09		4.51E-11		4.11E-11

		9.80E-05		7.84E-04		1.00E+00		1.79E-11		1.00E+00		9.77E-13		1.00E+00		5.34E-11		1.07E-10		8.55E-10		2.18E-11		1.98E-11

		8.16E-05		6.53E-04		1.00E+00		8.62E-12		1.00E+00		4.71E-13		1.00E+00		2.08E-11		4.15E-11		3.32E-10		1.05E-11		9.56E-12
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RCVD Leval vs BER

		#--------------------------------------------------------

		#		シナリオ1,11のBERは、"0"であるがログスケールでグラフ化するため1E-4としている。

		#--------------------------------------------------------

		#1		2		3		4		5

		#Sce		Seg		BER(GND)		BER(AIR1)

		2		1		7.60E-04		8.20E-04		-103

		3		1		2.10E-03		2.40E-03		-104

		4		1		4.10E-03		5.20E-03		-105

		5		1		9.10E-03		1.10E-02		-106

		6		1		1.50E-02		1.80E-02		-107

		7		1		2.50E-02		3.00E-02		-108
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